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Abstract. Yanti Y, Astuti FF, Habazar T, Nasution CR. 2017. Screening of rhizobacteria from rhizosphere of healthy chili to control 
bacterial wilt disease and to promote growth and yield of chili. Biodiversitas 18: 1-9. Bacterial wilt on chili cause by Ralstonia 
solanacearum. This disease is important, causing plant death and significant yield losses. Biological control is desirable because control 
with other methods gives variable results. One of the important group of biological agent is the plant growth promoting rhizobacteria 
(PGPR). This group can control plant pathogens and enhance the growth and yield through direct and indirect mechanisms. The aim of 
this research was to obtain indigenous rhizobacterial isolates from rhizosphere of healthy chili, which are effective to control bacterial 
wilt disease and to promote plant growth as well as to increase plant yields. The rhizobacterial isolates were collected from healthy chili 
rhizosphere in endemic area of bacterial wilt at Banuhampu Sub-district, Agam District, West Sumatra, Indonesia. Screening method of 
rhizobacterial isolates to control bacterial wilt was based on in planta technique. This technique was consist of three steps, as follow: (i) 
Screening of 43 rhizobacterial isolates to induce the hypersensitive reaction on Mirabilis jalapa. (ii) Screening of 42 rhizobacterial 
isolates (from first step) to increase growth of chili seedlings and (iii) Screening of 20 selected rhizobacterial isolates (from second step) 
to control bacterial wilt on chili. R. solanacearum were inoculated on the 6 weeks chili plants using Two strains of rhizobacterial 
isolates from chili rhizosphere (RZ.2.1.AG1 and RZ.1.3.AP1) showed high potential for disease suppression and also increased growth 
and yield of chili. 

Keywords: chili, indigenous rhizobacteria, in planta technique, Ralstonia solanacearum, screening 
Abbreviations: BCA = Biocontrol agent, HR = Hypersensitive reaction, IAA = Indole Acetic Acid, IRB = Indigenous Rhizobacteria, 
ISR = Induce systemic resistance, NA = Nutrient agar, PGPR = Plant Growth Promoting Rhizobacteria, R = Ralstonia, TZC = triphenyl 
tetrazolium chloride,  

INTRODUCTION 

Chili pepper (Capsicum annuum L.) is an important 
crop due to its large scale consumption as a seasoning 
vegetable in Indonesia and many other countries. Bacterial 
wilt caused by Ralstonia solanacearum is one of the 
important serious vascular diseases of chili crop causing 
maximum crop losses (Basu 2014), with crop losses 
between 15% to 55% around the world (El-Argawy and 
Adss 2016). A devastating disease worldwide, bacterial 
wilt limits the production of solanaceous crops such as 
tomato, pepper, eggplant, tobacco and potato as well as 
other important crops like peanut, banana, ginger and 
geranium. Approximately 450 crop species have been 
reported as hosts of this pathogen (Swanson et al. 2005). 

 Control is difficult due to high variability of the 
pathogen, limited possibility for chemical control, high 
capacity of the pathogen to survive in diverse environments 
and its extremely wide host range. Bacterial wilt 
management practices like applications of synthetic 
chemicals, field sanitation, crop rotation and the use of 
selective cultivars have proven to have limited success 
making it necessary to consider other control measures 
(Anith et al. 2004). Biological control strategies may either 

help development of alternative management measures. 
Plant growth promoting rhizobacteria (PGPR) are a group 
of biological agents, that can control plant pathogens and 
enhance the growth and productivity by exerting beneficial 
effects through direct and indirect various mechanisms, 
such as providing the N source for plant through the N 
fixation, exerting a biological control of soil-borne 
pathogens as well as producing the plant-stimulating 
growth substances (phytohormone) (Piromyou et al. 2011). 
They are a heterogeneous group of bacteria that can be 
found in the rhizosphere, at root surfaces and in association 
with roots, which can improve the extent or quality of plant 
growth directly and/or indirectly. Most biocontrol research 
has focused on a limited number of bacterial (Bacillus, 
Burkholderia, Lysobacter, Pantoea, Pseudomonas, and 
Streptomyces) (Pal and McSpadden Gardener 2006).  

 Unfortunately, the interaction between associative 
PGPR and plants can be unstable. The good results 
obtained in vitro cannot always be dependably reproduced 
under field conditions. The lack of correlation between in 
vitro and in vivo effectiveness of biological control had 
already been observed by Ran et al. (2005), who reported 
that fluorescent Pseudomonas sometimes succeeded as a 
biocontrol agent in vitro or under controlled conditions but 
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failed under pot experiments and field conditions. The 
same result has been reported by Nguyen and 
Ranamukhaarachchi (2010) on bacterial wilt disease 
incidence in capsicum was higher with antagonist strain 
TR15 (43.8%) and in tomato with strain TR2 (66.7%), and 
52.1 and 56.3%. respectively, with TR10 and TR7). Thus, 
these antagonists showed high antagonism in vitro, but 
were not effective in vivo under greenhouse conditions. To 
achieve the maximum growth promoting interaction 
between PGPR and plant it is important to discover how 
the rhizobacteria exerting their effects on plant and whether 
the effects are to control plant pathogens or to increase 
growth and yield. Therefore, it is necessary to develop 
efficient strains in greenhouse and field conditions. One 
possible approach is to explore soil microbial diversity for 
PGPR having combination of PGPR activities and well 
adapted to particular soil environment (Pal and McSpadden 
Gardener 2006), as well as rhizosphere of plant or 
indigenous rhizobacteria (IRB). 

 Generally to characterize the biological control agents, 
it has been done primarily through isolation, 
characterization, and application of individual organisms. 
The most common step to screen PGPR as biocontrol 
agents (BCA) to control plant pathogen are in vitro test, 
molecular identification, and in vivo (in planta) assays, 
such as toward Rhizoctonia solani on groundnut (Ganesan 
and Sekar 2011); Xanthomonas oryzae pv. oryzae on rice 
(Velusamy et al. 2013); Ralstonia solanacearum on tomato 
(Lwini and Ranamukhaarachchi 2006) and on tomato and 
pepper (Nguyen and Ranamukhaarachchi 2010). Base on 
this reason, look like that this technique is time consuming 
and laborious, sometimes the potential rhizobacteria will be 
lost, especially if the mechanism of biocontrol is induce 
systemic resistance (ISR) of plant.  

 Since 2008 we have developed the other methods 
based on in planta selection of enhanced competitive root-
colonizing bacteria from rhizosphere of healthy plants in 
disease endemic area. This approach focuses on general 
forms of disease suppression, including direct and indirect 
mechanisms. We characterized only the best rhizobacterial 
strains which have ability to control bacterial plant 
pathogens and to increase growth and yield of plants. This 
technique has the possibility to find the new, easy and 
cheap biocontrol organisms (Habazar et al. 2010, 2011). 
We have used these technique to explore PGPR strain to 
control some bacterial diseases and to increase of growth 
and yield of plants, such as Xanthomonas axonopodis pv. 
allii on onion (Habazar et al. 2010), R. solanacearum race 
4 on ginger (Habazar et al. 2011), Xanthomonas 
axonopodis pv. vesicatoria on tomato, Xanthomonas 
axonopodis pv. glycines on soybean (Yanti et al. 2013).  

 Although the potential to suppress the pathogenic 
organisms through biological means has been revealed, 
sufficient information has not been generated so far to fully 
support the development of biological control measures 
against R. solanacearum on chili. Therefore the aim of this 
research was to obtain potential indigenous rhizobacterial 
isolates from rhizosphere of healthy chili, which are 
effective to control bacterial wilt disease and to promote 
plant growth as well as to increase plant yields. 

MATERIALS AND METHODS 

Study area 
This research have been done as laboratory and 

greenhouse experiment at Laboratory of Microbiology, 
Department of Plant Protection, and greenhouse, Faculty of 
Agriculture, Universitas Andalas, Padang, Indonesia during 
February to September 2015. The study included the 
screening of potential rhizobacteria and their evaluation in 
planta. 

Procedures 
The study consisted of three parts: (i) isolation and 

multiplication of the bacterial wilt pathogens and potential 
rhizobacterial BCA, (ii) in planta screening through HR on 
Mirabilis jalapa for pathogenicity test, (iii) in planta 
screening of selected rhizobacterial isolates (from second’s 
step) to increase growth of chili seedlings, and (iv) in 
planta evaluation of selected rhizobacterial isolates for the 
control of bacterial wilt disease on chili. 

Isolation of potential rhizobacterial BCA and pathogens 
Rhizosphere samples were collected from healthy 

chili’s rhizosphere in endemic area of bacterial wilt in 
Banuhampu, Agam District, West Sumatra Province, 
Indonesia (Figure 1.A and B). Bacterial wilt diseased chili 
were collected also at the same location (Figure 1.C), Soil 
and plant samples were given identification tags indicating 
the location, date of collection and type of crop, and were 
brought to the Microbiological Laboratory at Faculty of 
Agriculture, Universitas Andalas, Padang, West Sumatra, 
Indonesia. Samples were stored in a refrigerator (at 5°C) 
until isolation of rhizobacterial and bacterial wilt 
pathogens, which was done one day after transport to the 
laboratory. For root suspensions, 0.1 g aliquots of side-
roots of chili plants were homogenized with 1 mL of 
sterilized tap water and shaken with an electric shaker. 
From this suspension, a dilution series up to 10-6 was 
prepared and 1 mL of root suspension was placed in a Petri 
dish to which 10 mL of Nutrient agar (NA) (37.5 g of NA 
in 1 liter DW) were added and stirred well. Petri dishes 
were allowed to stand for 1 h to allow for solidification of 
the medium. Plates were placed in for 2 days at room 
temperature (about 30°C). Thereafter, dominant bacterial 
colonies were purified on NA medium as suspected BCA 
(Figure 1.D and E). A single colony of bacteria then 
transferred aseptically to microtube that contain 1 mL of 
sterilized aquadest as stock and stored in refrigerator 
(Figure 1.F). 

Ralstonia solanacearum was isolated from diseased 
plant parts using TZC medium, and incubated at 30°C for 
48 h. Pathogenicity was confirmed by dipping chili 
seedlings in a bacterial suspension, followed by 
transplanting into pots containing sterile soil and 
examining for typical disease symptoms (Winstead and 
Kelman 1952). The high virulence isolates were used in 
this research (Figure 2). 
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Figure 1. A. Source of rhizobacterial isolate from healthy chili at endemic area of bacterial wilt disease (Banuhampu Sub-district, Agam 
District, West Sumatra). B. Chili with bacterial wilt symptom. C. Healthy chili. D. Culture of rhizobacterial on NA at 3 days post 
incubation (dpi). E. Pure culture of rhizobacterial isolates on NA at 3 dpi. F. Stock cultures in aquadest suspension 
 
 

 
 
Figure 2. A. Bacterial flux in aquadest from chili root with bacterial wilt symptom. B-C. Pure culture of R. solanacearum on TZC (5 
dpi). D. Wilted chili after inoculation with R. solanacearum (7 dpi) 
 
 
 
In planta screening through HR on Mirabilis jalapa for 
pathogenicity test 

 The rhizobacterial isolates were selected based on 
pathogenicity test through HR on Mirabilis jalapa. The 
rhizobacterial isolates were cultured on medium NA for 
two days. The rhizobacterial cultured medium were added 
10 mL aquadest and suspended. The bacterial suspensions 
were determined for bacterial density by comparing with 
scale 8 of McFarland’s solution (approximately 108 
cell/mL). The bacterial suspensions were infiltrated by 
injection in leaves tissue of Mirabilis jalapa. The HR were 
observed until 24 hours, the HR positive showing necrotic 
at infiltrated leaves tissue. Only the HR negative 
rhizobacterial isolates were used for the next experiment.  

In planta screening of selected rhizobacterial isolates to 
increase growth of chili seedlings 

 The experiments were conducted in a greenhouse to 
evaluate the ability of indigenous rhizobacterial isolates to 
promote growth of chili seedlings. The experiment was 
used randomized complete design with 43 treatments (42 
selected rhizobacterial isolates (from second’s step) and 
control) and six replicates. 

Multiplication of selected rhizobacterial isolates  
 The selected rhizobacterial isolates were cells from 

stocks were first grown on NA medium to verify their 
purity. The inoculum was produced by transferring one 
loopful from the culture to 100 mL of NB in a 250 mL 

A B C 

D E F 

A B C D 
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Erlenmeyer flask and incubating at room temperature 
(28±2°C) on a shaker at 150 rpm for 48 h (preculture). For 
mainculture was produced by transferring 1 mL from 
preculture to 50 mL of coconut water in a 250 mL flask and 
incubating at the same manner as preculture. After 48 h 
incubation, the broth containing approximate 9x108 
cfu/mL. The bacterial suspensions were determined for 
bacterial density by comparing with scale 8 of McFarland’s 
solution (approximately 108 cell/mL) (Habazar et al. 2011). 

Inoculation of selected rhizobacterial isolates on chili’s seed 
 Seeds of chili were obtained from selected fruit of the 

best performance of chili plant in the field at Banuhampu 
Sub-district, Agam District, West Sumatra. Germination 
test of chili seeds were carried out by the paper towel 
method. Rhizobacterial isolates were used as seed 
treatments. For seed treatment, the seeds were initially 
surface-sterilized with 1% sodium hypochlorite and soaked 
in a double volume of sterile distilled water and then in 
bacterial suspension for 15 minutes. The bacterial 
suspensions were drained off and the seeds were dried 
under shade for 30 min and planted (Habazar et al. 2014). 
All the recommended agronomical practices such as 
irrigation and weeding were conducted to raise the crop. 
Five plants were selected at random and tagged in each plot 
for growth and yield observation. Seed germination was 
estimated 15 days after sowing. The seedlings height and 
number of leaves were measured at 21 days-old plants. 

In planta evaluation of selected rhizobacterial isolates 
for the control of bacterial wilt disease on chili 

The experiments were conducted in a greenhouse to 
evaluate the ability of selected rhizobacterial isolates to 
control bacterial wilt on chili. The experiment was used 
randomized complete design with 22 treatments (20 
selected rhizobacterial isolates (from third step), antibiotic 
and control (without rhizobacterial) and six replicates. The 
rhizobacterial isolates were inoculated on three weeks old 
chili seedlings by root dipping technique before 
transplanting. Plants were grown in greenhouse with 
humidity and temperature depends on the natural 
conditions. Suspension of R. solanacearum were inoculated 
on one-month old chili by stem injection (108 CFU/mL).  

Disease assessments were incubation period, disease 
incidence, disease severity. To examine the effect of 
rhizobacteria on the plant growth characteristics were 
counted plant height, number of leaves, time of the first 
flower, and fruit weight.  

RESULTS AND DISCUSSION 

Isolation of potential rhizobacterial BCA  
The bacterial diversity in healthy chili rhizosphere 

showed heterogenous with regard to colony morphology 
and Gram reaction (Table 1). Isolations acquired 43 
different colonies of bacteria. Chili rhizosphere was 
dominated by Gram negative bacterial population with 
white, irregular, flat colonies. Only one rhizobacterial 
isolate RZ.2.2.AG3 showed positive by hypersensitive 

reaction. It is mean that this rhizobacterial isolate as plant 
pathogen, also this isolate was not tested for the next 
experiment.  

In planta screening of selected rhizobacterial isolates to 
increase growth of chili seedlings 

Not all of indigenous rhizobacterial isolates can 
increase germination rate of chili seeds and seedling’s 
height. Only 16 of indigenous rhizobacterial isolates could 
increase germination rate of chili seeds increase from 96-
100% compare to control (92%) (Table 2). The other 9 
indigenous rhizobacterial isolates have the same 
germination rate with control plant (Figure 3) and the rest 
18 indigenous rhizobacterial isolates showed lower than 
control plant. Seedling’s height of chili also had increased 
after inoculation by 18 indigenous rhizobacterial isolates 
from 4,87-7,13 cm compare to control 4,82 cm. Most of 
these indigenous rhizobacterial isolates reduced the 
seedling’s height. The best indigenous rhizobacterial 
isolates to promote growth of chili seedlings were 
RZ.2.2.AG2, RZ.2.2.AG4, RZ.2.1.AG2 and RZ.1.3.AP1.  

In planta evaluation of selected rhizobacterial isolates 
for the control of bacterial wilt disease and to promote 
growth and yield of chili 

 All selected rhizobacterial isolates (from second step 
experiment) caused a reduction of wilt disease (Table 3). 
The incubation period of R. solanacearum-infested chili 
treated with rhizobacterial isolates were longer (19.67-
27.33 dpi) or without wilted until the end of experiment, 42 
dpi) than control (12.67 dpi) (Table 3 and Figure 4). 
Bacterial wilt disease incidence varied between 0.00-
33.00%, especially on plants, which were introduced with 
13 rhizobacterial isolates no wilt (disease incidence and 
disease severity 0%). If we compare with plants without 
rhizobacteria (control) had a disease incidence 100.00%.  

The height of plant after 90 days of transplanting 
increased significantly with 5 rhizobacterial isolates 
RZ.2.2.AG2, RZ.2.1.AG1, RZ.1.3.AP1, and RZ.2.1.AP4 as 
compared to control set whereas isolates RZ.2.1.AG1, 
RZ.2.1.AP4, RZ.1.2.AP1, RZ.2.2.AG2, and RZ.1.3.AG4 
significantly enhanced the number of leaves (Table 4 and 
Fig 5). The other rhizobacterial isolates showed lower of 
plant height and number of leaves compare than control.  

Not all of selected rhizobacterial isolate accelerated 
flower phase and enhanced fruit yield of chili. The flower 
phase was earlier on two rhizobacterial introduced chili 
(47.00-47.33 dat). Fruit yield increased on seven 
rhizobacterial introduced chili (34.33-89.67 g) compare 
than control (32.00 g) (Table 5). The highest fruit yield 
exposed to RZ.2.1.AG1 and increased 180.21% compare 
than control. 

Discussion 
This study revealed that the chili seedlings that were 

grown with twenty rhizrobial isolates had greater value in 
all the growth parameters monitored such as seed 
germination’s rate and plant, than the control which was 
not treated with any biofertilizer had the lowest value 
(Table 2). These results were similar with the findings of 
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previous studies by some authors. It was determined that 
the PGPR applications could be able to increase plant 
growth, germination rate of seed, improve transplant 
emergence, response to stress conditions and protect from 
disease (Elkinci et al. 2014), such as Azospirillum, 
Pseudomonas and Azotobacter have significant impact on 
seed germination and transplant growth (Shaukat et al. 
2006a, b, Nezarat and Gholami 2009). Application of 
strains BSCBE4 and PA23 at the rate of 20 g kg-1 of seed 
significantly increased the growth of hot pepper seedling 
(Nakkeeran et al. 2006). According to Kokalis-Burelle et 
al. (2003) PGPR could be used to obtain standard sized 
transplant in less time and a more vigorous transplant for 
transplant production. Besides, it was stated that PGPR can 
applied at the sowing and transplanting stage wherefore 
used to control harmful microorganisms and can be increased 

growth in stress conditions as well as healthy plants also 
(Gül et al. 2008). The highest fresh shoot and dry root 
weight of cabbage transplants were obtained from 
application of Bacillus megaterium KBA-10 and root 
diameter, root length and fresh root weight were obtained 
from application of B. megaterium TV-91C (Elkinci et al. 
2014).  

Introduction of IRB isolates shown decrease of 
incubation time, incidence and severity of diseases (Table 
3). 13 isolates IRB shown decrease of incidence up to 
100% and showed no symptoms until the end of 
observations. Introduction IRB isolates also showed plant 
growth promotion after inoculation of pathogen. Isolates 
RZ.2.2AG2 and Isolates RZ.2.1.AG1 have highest ability 
to promote growth rate of chili and also have zero 
incidence and shown no symptoms of diseases.  

 
 
 
Tabel 1. Diversity of morphological colony, physiological characters and pathogenicity/hypersensitive reaction of indigenous 
rhizobacterial isolates from rhizosphere of healthy chili 
 
Rhizo-bacterial 

isolate 
Morphology character of colony (2 dpi) HR Gram 

reaction Form Elevation Margin Diameter (cm) Color
RZ.1.1.AP1 Circular Flat Flat 0.2 White - +
RZ.1.2.AP1 Circular Convex Flat 0.2 White - -
RZ.1.3.AP1 Rhizoid Flat Rhizoid 0.9 White - -
RZ.1.4.AP1 Circular Convex Flat 0.5 White - -
RZ.2.1.AP1 Irregular Flat Irregular 0.5 White - +
RZ.2.2.AP1 Rhizoid Flat Rhizoid 1.0 White - -
RZ.2.3.AP1 Irregular Flat Lobate 5.1 White - +
RZ.1.1.AP2 Irregular Flat Filiform 2.3 White - +
RZ.1.2.AP2 Rhizoid Flat Rhizoid 1.1 White - +
RZ.1.3.AP2 Irregular Flat Lobate 3.2 White - +
RZ.2.1.AP2 Irregular Flat Lobate 4.1 White - +
RZ.2.2.AP2 Irregular Unbonate Irregular 2.1 White - +
RZ.2.3.AP2 Irregular Flat Lobate 3.1 White - +
RZ.1.1.AP3 Rhizoid Flat Rhizoid 1.2 White - -
RZ.1.2.AP3 Rhizoid Flat Rhizoid 1.1 White - -
RZ.1.3.AP3 Irregular Flat Undulate 0.7 White - -
RZ.2.1.AP3 Circular Convex Flat 0.2 White - -
RZ.1.1.AP4 Rhizoid Flat Rhizoid 0.9 White - -
RZ.1.2.AP4 Rhizoid Flat Rhizoid 1.3 White - -
RZ.1.3.AP4 Circular Flat Raised 0.8 White - +
RZ.1.4.AP4 Rhizoid Flat Rhizoid 1.2 White - -
RZ.1.5.AP4 Circular Flat Convex 0.1 White - -
RZ.2.1.AP4 Irregular Raised Flat 0.6 White - -
RZ.2.2.AP4 Rhizoid Flat Rhizoid 1.2 White - -
RZ.2.3.AP4 Irregular Flat Flat 0.7 White - +
RZ.2.4.AP4 Rhizoid Flat Rhizoid 1.5 White - +
RZ.2.5.AP4 Rhizoid Flat Rhizoid 1.4 White - -
RZ.1.1.AG1 Irregular Flat Lobate 4.0 White - -
RZ.1.2.AG1 Irregular Flat Filiform 1.2 White - +
RZ.2.1.AG1 Irregular Flat Lobate 5.0 White - +
RZ.2.2.AG1 Circular Convex Flat 0.3 yellow - -
RZ.2.1.AG2 Circular Flat Flat 0.8 White - +
RZ.2.2.AG2 Circular Convex Flat 0.2 yellow - -
RZ.1.1.AG3 Circular Raised Filiform 1.1 White - +
RZ.2.1.AG3 Rhizoid Flat Rhizoid 1.1 White - -
RZ.2.2.AG3 Circular Convex Flat 0.5 Yellow + -
RZ.1.1.AG4 Irregular Flat Filiform 2.0 White - -
RZ.1.2.AG4 Irregular Flat Lobate 0.9 White - +
RZ.1.3.AG4 Circular Convex Flat 0.8 White - -
RZ.1.4.AG4 Circular Convex Flat 0.6 Yellow - -
RZ.2.1.AG4 Irregular Flat Filiform 1.4 White - -
RZ.2.2.AG4 Irregular Flat Lobate 7.0 Transparent white - +
RZ.2.3.AG4 Irregular Flat Lobate 3.5 White - +
Note: HR = Hypersensitive Reaction as pathogenicity test  
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Table 2. Germination rate and seedling’s height of rhizobacterial 
introduced chili (21 days after inoculation) 
 

Rhizobacterial 
isolates 

Germination rate Seedling’s height 

(%) Increase 
(%) cm + SD  Increase 

(%) 
RZ.2.2.AG2 100 8.70 7.13 + 0.15 a 47.59 
RZ.2.2.AG4 100 8.70 6.93 + 0.23 b 43.45 
RZ.2.1.AG2 96 4.35 6.77 + 0.05 bc 40.00 
RZ.1.3.AP1 100 8.70 6.70 + 0.00 cd 38.62 
RZ.1.5.AP4 96 4.35 6.57 + 0.15 de 35.86 
RZ.1.4.AP4 92 0.00 6.47 + 0.05 ef 33.79 
RZ.2.1.AG3 96 4.35 6.47 + 0.05 ef 33.79 
RZ.2.1.AG1 96 4.35 6.37 + 0.05 fg 31.73 
RZ.2.3.AP1 96 4.35 6.27 + 0.11 g 29.66 
RZ.1.4.AG4 100 8.70 6.00 + 0.10 h 24.14 
RZ.1.3.AG4 96 4.35 5.87 + 0.05 hi 21.38 
RZ.2.1.AP1 92 0.00 5.83 + 0.05 hi 20.69 
RZ.1.2.AP1 92 0.00 5.73 + 0.95 ij  18.62 
RZ.1.1.AG4 96 4.35 5.70 + 0.00 ij 17.93 
RZ.2.1.AP4 100 8.70 5.57 + 0.05 j 15.17 
RZ.2.5.AP4 96 4.35 5.37 + 0.05 k 11.04 
RZ.2.1.AP3 92 0.00 4.93 + 0.11 l 2.07 
RZ.2.3.AG4 92 0.00 4.87 + 0.05 l 0.69 
Kontrol 92 0.00 4.83 + 0.05 lm 0.00 
RZ.2.1.AP2 96 4.35 4.67 + 0.15 m -3.45 
RZ.1.1.AP1 96 4.35 4.43 + 0.05 n -8.28 
RZ.1.1.AG1 88 -4.35 4.20 + 0.10 o -13.10 
RZ.1.1.AP2 84 -8.70 4.20 + 0.10 o -13.10 
RZ.1.1.AP3 80 -13.04 4.20 + 0.10 o -13.10 
RZ.1.1.AG3 84 -8.70 4.10 + 0.10 op -15.17 
RZ.2.2.AG1 88 -4.35 4.07 + 0.15 op -15.86 
RZ.2.2.AP1 88 -4.35 4.07 + 0.15 op -15.86 
RZ.2.2.AP2 84 -8.70 4.07 + 0.05 op -15.86 
RZ.2.4.AP4 80 -13.04 4.07 + 0.05 op -15.86 
RZ.2.1.AG4 88 -4.35 4.00 + 0.10 pq -17.24 
RZ.1.1.AP4 88 -4.35 3.97 + 0.21 pqr -17.93 
RZ.2.2.AP4 92 0.00 3.93 + 0.15 pqr -18.62 
RZ.1.2.AG1 96 4.35 3.87 + 0.20 qrs -20.00 
RZ.1.2.AG4 88 -4.35 3.87 + 0.25 qrs -20.00 
RZ.1.3.AP2 92 0.00 3.83 + 0.06 qrs -20.69 
RZ.2.3.AP2 80 -13.04 3.83 + 0.05 qrs -20.69 
RZ.1.2.AP2 88 -4.35 3.80 + 0.10 rst -21.38 
RZ.2.3.AP4 88 -4.35 3.80 + 0.10 rst -21.38 
RZ.1.2.AP4 92 0.00 3.73 + 0.11 st -22.76 
RZ.1.3.AP3 88 -4.35 3.63 + 0.20 tu -24.83 
RZ.1.4.AP1 88 -4.35 3.53 + 0.15 uv -26.90 
RZ.1.2.AP3 88 -4.35 3.43 + 0.05 vw -28.97 
RZ.1.3.AP4 84 -8.70 3.33 + 0.15 w -31.03 
Note: Means with the same letter are not significantly different by 
Duncan multiple range test at p < 0.05 
 
 
 
 

PGPR treatments increased shoot weight, shoot length 
and stem diameter of muskmelon and watermelon 
transplant (Kokalis-Burelle et al. 2003). Also, the 
researchers indicated that root weight of transplant was 
increased by PGPR. In another study, PGPR isolates 
increased shoot length, root length and dry matter 
production of shoot and root of Cicer arietinum transplant 
(Misra et al. 2010). Turan et al (2014) reported that seed 
inoculation of the PGPR strains improved growth and 
quality of the cabbage transplants.  

Table 3. Effect of rhizobacterial isolates on bacterial wilt disease 
of chili  
 

Rhizobacterial 
Isolates 

Incubation period Disease 
incidence 

Disease 
severity 

dpi  Prolonged 
(%) % Reduced 

(%) % Reduced
(%) 

RZ.1.1.AG4 42.00* a 233.33 0 100 0 c 100 
RZ.1.1.AP1 42.00* a 233.33 0 100 0 c 100 
RZ.1.2.AP1 42.00* a 233.33 0 100 0 c 100 
RZ.1.3.AG4 42.00* a 233.33 0 100 0 c 100 
RZ.1.3.AP1 42.00* a 233.33 0 100 0 c 100 
RZ.1.4.AG4 42.00* a 233.33 0 100 0 c 100 
RZ.1.4.AP4 42.00* a 233.33 0 100 0 c 100 
RZ.2.1.AG1 42.00* a 233.33 0 100 0 c 100 
RZ.2.1.AP1 42.00* a 233.33 0 100 0 c 100 
RZ.2.1.AP2 42.00* a 233.33 0 100 0 c 100 
RZ.2.1.AP3 42.00* a 233.33 0 100 0 c 100 
RZ.2.1.AP4 42.00* a 233.33 0 100 0 c 100 
RZ.2.2.AG2 42.00* a 233.33 0 100 0 c 100 
RZ.1.5.AP4 27.33  b 116.93 67 33 2 b 33 
RZ.2.3.AG4 26.33 b 108.99 67 33 2 b 33 
RZ.2.1.AG3 21.67** b 71.96 100 0 3 a 0 
RZ.2.2.AG4 21.00** b 66.67 100 0 3 a 0 
RZ.2.5.AP4 20.33** bc 61.38 100 0 3 a 0 
RZ.2.1.AG2 19.67** bc 56.08 100 0 3 a 0 
RZ.2.3.AP1 11.33** d 0.00 100 0 3 a 0 
Control- 12.67** cd  100 0 3 a  
Note: Means with the same letter are not significantly different by 
Duncan multiple range test at p < 0.05. *Plants were still live until 
the end of observation.  
 
 
 
Table 4. Effect of all rhizobacterial isolates on growth of chili in 
pot experiment 
 
Rhizo-
bacterial 
isolates 

Plant height Number of leaves 
cm + SD  Increased 

(%) 
Pieces + SD  Increased 

(%) 
RZ.2.2.AG2 68.00 + 7.21 a 60.64 173.67 + 28.04 ab 82.17 
RZ.2.1.AG1 63.33 + 2.08 a 49.62 210.00 + 2.08 a 120.29 
RZ.1.3 .AP1 53.33 + 1.53 ab 25.99 118.00 + 23.58 bcd 23.78 
RZ.1.3.AG4 45.67 + 4.04 bc 7.88 170.00 + 103.18 bc 78.33 
RZ.2.1.AP4 43.33 + 1.53 bcd 2.37 191.67 + 17.01 ab 101.06 
Control + 42.33 + 1.15 bcd  95.33 + 7.09 cde  
RZ.1.4.AP4 37.67 + 4.04 bcd -11.02 92.67 + 39.31 de -2.79 
RZ.1.4.AG4 35.67 + 1.15 cd -15.74 81.00 + 8.54 de -15.03 
RZ.2.1.AP2 33.67 + 5.13 cde -20.47 127.33 + 62.74 bcd 33.57 
RZ.2.1.AP1 33.33 + 1.52 cdef -21.25 72.67 + 5.03 de -23.77 
RZ.1.1.AP1 32.00 + 6.08 cdef -24.40 57.67 + 8.50 de -39.51 
RZ.1.2.AP1 30.00 + 2.00 cdef -29.13 191.00 + 37.32 ab 100.36 
RZ.2.1.AP3 29.33 + 3.21 def -30.70 86.00 + 8.89 de -9.79 
RZ.1.1.AG4 26.33 + 3.05 ef -37.79 66.67 + 6.43 de -30.07 
RZ.2.3.AG4 16.33 +28.29 ef -61.41 28.67 + 49.65 e -69.33 
RZ.1.5.AP4 16.00 +27.71 f -62.20 60.00 + 103.92 de -37.06 
RZ.2.1.AG3 *    *    
RZ.2.2.AG4 *    *    
RZ.2.5.AP4 *    *    
RZ.2.1.AG2 *    *    
RZ.2.3.AP1 *    *    
Note: Means with the same letter are not significantly different by 
Duncan multiple range test at p < 0.05. *Plants were died 
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Table 5. Effect of rhizobacterial isolates on flower phase and 
yield of chili in pot experiment  
 

Rhizobacterial 
isolate 

Flower phase Fruit Weight 
Day after 

transplanting 
Effectivity 

 (%) g Effectivity
 (%) 

RZ.2.1.AP4 47.00 a 12.96 57.33 c 79.17 
RZ.2.1.AG1 47.33 a 12.35 89.67 a 180.21 
RZ.1.4.AG4 53.67 ab 0.62 40.33 d 26.04 
Control + 54.00 ab 0.00  32.00 d 0.00 
RZ.2.1.AG2 54.00 ab 0.00 *  
RZ.2.2.AG2 55.33 abc -2.47 72.67 b 127.08 
RZ.2.2.AG4 55.67 abc -3.09 *  
RZ.2.5.AP4 62.00 bcd -14.81 *  
RZ.1.3.AP1 64.67 cd -19.75 74.33 ab 132.29 
RZ.2.3.AG4 64.67 cd -19.75 *  
RZ.2.1.AP1 66.67 d -23.46 34.33 d 7.29 
RZ.2.1.AP2 67.67 d -25.31 47.00 d 46.88 
RZ.2.1.AP3 68.33 d -26.54 30.00 d -6.25 
RZ.1.1.AG4 70.00* d -29.63 *  
RZ.1.1.AP1 70.00* d -29.63 *  
RZ.1.2.AP1 70.00* d -29.63 *  
RZ.1.3.AG4 70.00* d -29.63 *  
RZ.1.4.AP4 70.00* d -29.63 *  
RZ.1.5.AP4 70.00* d -29.63 *  
Note: Means with the same letter are not significantly different by 
Duncan multiple range test at p < 0.05. *no fruit; *no flower until 
70 days after transplanting  
 
 
 

 
  
Figure 3. Growth performance of chili seedlings, control (left) 
and rhizobacterial inoculated chili seedling (right)  

 
  
Figure 4. Healthy chili after rhizobacterial inoculation (8 dpi of 
R. solanacearum) (left). Bacterial wilt disease on control chili 
plant (right).  
 
 
 

 
  
Figure 5. Growth of control plant (without rhizobacterial isolates) 
(left), rhizobacterial isolates inoculated chili and R. solanacearum 
(right) 
 
 
 

This study demonstrated that 13 selected rhizobacterial 
isolates from healthy chili rhizosphere at endemic area of 
bacterial wilt disease (indigenous) reduced disease 
incidence caused by R. solanacearum on chili (0%) 
compare with control plant (100%). This result confirmed 
to our previous research, that 41 rhizobacterial isolates 
from healthy ginger rhizosphere at endemic area of 
bacterial wilt disease showed no bacterial wilt disease on 



 B IODIVERSITAS 18 (1): 1-9, January 2017 

 

8 

chili (0%) compare than control plant (100%) (Habazar et 
al. 2011). Wydra and Semrau (2005) also reported 
comparable R. solanacearum wilt disease reduction 
associated with biocontrol agents Bacillus spp. and 
fluorescent Pseudomonas.  

The effectivity of those rhizobacterial isolates reduced 
bacterial wilt disease insidence and provided disease 
suppression equal or superior compare with the other 
experiment, such as by Nguyen and Ranamukhaarachchi 
(2010) tested bio-control agents caused a significant 
reduction of bacterial wilt disease compared to the control. 
Biocontrol agents TR6 and LR10 showed the highest 
disease suppression for both pepper (8.3 and 29.2%) and 
tomato (18.8 and 29.2%). Lang et al. (2007) used the 
conventional copper hydroxide-mancozeb treatment to 
control Xanthomonas leaf blight on onion under field 
conditions. Under field conditions at one location, 
biweekly or weekly applications of bacteriophages reduced 
disease severity by 26 to 50%, which was equal to or better 
than weekly applications of copper hydroxideplus 
mancozeb. Acibenzolar-S-methyl also successfully reduced 
disease severity by up to 50% when used alone 
preventively or followed by biweekly bacteriophage 
applications. The protection afforded on rhizobacteria-
treated plants resulted no bacterial wilt symptom on chili. 
This suggested that rhizobacteria treatment for some extend 
able to induced plant systemic resistance to overcome 
bacterial wilt infection on ginger. Beneficial effects of 
PGPR and bioprotectants on plants have been reviewed. 
Some other mechanism such as hydrocyanic acid, 
siderophores and induction of resistance may also play a 
role in the action of PGPR. So that rhizobacterial agents 
will probably be one of the most significant strategies for 
disease management (Compant et al. 2005). 

Not all rhizobacterial isolates showed the ability to 
enhance growth and yield of chili. Five of rhizobacterial 
introduced chili showed higher height (43.33-68.00 cm) 
which the effectivity to increase plant height varied from 
2.37-60.64% compare than control (42.33 cm) at 42 days 
after transplanting (dat). Assessment of average number of 
the leaves showed seven of rhizobacterial introduced chili 
more leaves (118-120 pieces) than control (95.33 pieces), 
which the effectivity to increase plant height varied from 
23.78-120.29%. The flower phase was earlier on two 
rhizobacterial introduced chili (47.00-47.33 dat). Fruit 
yield increased on seven rhizobacterial introduced chili 
(34.33-89.67 g) compare than control (32.00 g). These 
result confirmed to our previous research, that all 
rhizobacterial isolates from healthy ginger rhizosphere at 
endemic area of bacterial wilt disease increased growth and 
yield of ginger compare than control plant (Habazar et al. 
2011). Our results are in agreement with the findings of 
earlier research. study with Bacillus subtilis and B. 
amyloliqufaciens have been increased of plant growth and 
yield on different plants (Kokalis-Burelle et al. 2003). 
According to Nguyen and Ranamukhaarachchi (2010) 
rhizobacterial isolates TR6 treatments resulted in the 
highest pepper and tomato fruit weight compare than 
control plant. The ability to increase growth and yield of 
chili by rhizobacterial isolates were presumable, that PGPR 

are effective root colonizers that survive and proliferate 
along with plant roots, resulting in enhanced plant growth 
(Whipps 2001). Egamberdieva (2008) observed the 
positive effect of PGPR on the growth of wheat and pea. 

In conclusion, among 43 rhizobacteria isolated, we have 
found two rhizobacterial isolates, RZ.2.1.AG1 and 
RZ.1.3.AP1 as the most effective against R. solanacearum 
and had greater fruit weight, earlier flower’s phase, number 
of leaves and plant height, compared with the untreated 
control. Control of R. solanacearum by these isolated 
rhizobacteria may help reducing chemical applications and 
their environmental impacts in agricultural systems where 
solanaceous crops are grown and will lower the cost of 
disease management. The use of rhizobacterial for 
increasing the yield and crop protection is a promising 
approach in modern systems of sustainable agriculture. 
Future research should be directed towards detailing the 
mode of action of these strains and field studies need to be 
conducted to confirm the effectiveness of these isolated 
rhizobacterial under natural conditions. 
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Abstract. Hailu HW, Sajidan, Pangastuti A, Greiner R. 2017. Isolation, characterization and 18S rDNA sequence analysis of phytase
producing fungi from Indonesia, Indonesia. Biodiversitas 18: 10-14. Phytase breaks down the phytate portion of grains and oil seeds;
thereby, releasing phosphorus and minerals for animals. The objectives of this research were to screen phytase-producing novel species
of fungi; to conduct cultural and phylogenetic characterization; to perform 18S rDNA sequencing and BLAST analysis. Samples of
fungi were collected from different sources, cultured on potato dextrose agar and potato dextrose broth. Phytase assay was conducted
based on Vanadate-molybdate method. Three isolates with highest enzyme activity were selected for pH and temperature optimization.
DNA was extracted by modifying plant DNA extraction and yeast genomic DNA extraction kits. The 18S rDNA gene was amplified
and sequenced. The result indicated that optimum temperatures ranged from 60-75oC and the optimum pH for isolates from papaya
(Angr), palm bark (Abark) and sugarcane soil field (Asoil) were 4.5, 3.0 and 4.5, respectively. Based on 18S rDNA sequence analysis
the phytase producing fungal isolates Angr, Abark and Asoil were identical to Aspergillus niger, Beauveria felina and Nigrosabulum
globosum, respectively.

Keywords: 18S rDNA, BLAST, fungi, phytase, phylogeny

INTRODUCTION

Phosphorus is an essential nutrient for pigs, and poultry
animals for bone formation and mineralization (Yao et al.
1988). Its accessibility plays a key role in soil prolificacy,
crop production, animal health and nutrition, waste
management and water quality (Konietzny and Greiner
2002; Mishra et al. 2013; Reddy et al. 2013). Phytate
(myoinositol (1,2,3,4,5,6) hexakisphosphate) is the major
form of phosphate found in cereals, legumes and oilseeds
representing around 75-80% of the total phosphorous in
their seeds (Yao et al. 1988; Liu et al. 1998; Hegeman and
Grabau 2001; Konietzny and Greiner 2002; Quan et al.
2006; Yu et al. 2012; Mishra et al. 2013).

However, phytate is naturally found chelated with
cations like Fe3+, Zn2+, Ca2+, Mg2+, Mn2+ and K+ (Xiong
2006; Greiner et al. 2009; Yu et al. 2012; Mishra et al.
2013). This chelating nature prevents their uptake in the
gastro-intestinal tract of monogastric animals such as
poultry and pigs or even fish species and therefore, phytate
has been considered as an anti-nutritional factor since it
always combines with proteins and cations thereby
decreasing their bioavailability. The release of phosphate
from the phytate molecule depends on phytase activity in
the gastro-intestinal tract. Large amount of excreted
phosphate contributes to environment pollution. Phytase
plays a role of reducing phosphate output in manure by

breaking down phytate thereby making phosphate to be
readily available for bio-absorption (Liu et al. 1998;
Hegeman and Grabau 2001; Quan et al. 2006; Xiong
2006). Monogastric animals need external phytase to digest
phytate. Giving phytase as a feed supplement allows
phytate-phosphorus to be utilized by monogastric animals.
Supplementation of swine and poultry diets with microbial
phytases can improve significantly the bioavailability of
phytate-bound phosphorus and reduce P excretion (Maritza
et al. 2012; Mishra et al. 2013; Reddy et al. 2013). For
example, phytase from different Aspergillus species such as
A. niger, A. oryzae and A. melleus were reported (Wösten
et al. 2007) to have an important role in the breakdown of
phytatic acid into phosphate, mono-inositol, and minerals.

This research was aimed to explore novel fungal
isolates for potential production of phytase enzyme. It
helps explore the huge potential of Indonesia for phytase
production from fungal spp.

MATERIALS AND METHODS

Sample collection and isolation of fungi
Different fungal isolates from various sources (soil, tree

bark, air conditioners, open air, and fruits such as papaya,
orange) were collected in sterile polythene bags, in
Surakarta, Central Java, Indonesia. Serial dilutions of 10-2,
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10-3 and 10-4 were prepared from 1 gram sample. The
serially diluted samples were plated by taking 100 µL of
each sample onto sterilized potato dextrose agar containing
1 g/L of ampicillin (antibiotic was added to inhibit bacterial
growth) in Petri dishes and incubated at room temperature
for 4-7 days.

Phytase assay
Vanadate-molybdate method was used to investigate

the activity of phytase enzyme. The reaction mixture was
100 µL of phytase, 600 µL of 0.4% phytate solution at pH
5.0. It was incubated at 37oC for 30 minutes. The reaction
was ended by adding three mixtures of solutions (21.67%
nitric acid; 0.081 mol/L of ammonium molybdate; 0.02
mol/L ammonium vanadate) at 2: 1: 1 ratio. The phytase
activity was measured by Uv-Vis spectrophotometer at
451nm, using 0.1-0.6 mM KH2PO4 as standard. It is
calculated in terms of phytase unit. One phytase unit is
defined as the amount of enzyme required to release 1
µmol of inorganic phosphate per minute from sodium
phytate at 37oC.

Temperature and pH optimization
To study the optimum Temperature of the crude

phytase enzyme, the following temperature ranges were
used for the standard phytase assay: 28oC, 37oC, 50oC,
60oC, 65oC, 70oC, 75oC, 80oC, 85oC and 90oC .The pH
ranges studied were from pH 2.5-8.0. To study the
optimum pH of the crude phytase enzyme, the following
buffers were used for the standard phytase assay: pH 3.5-
6.0 sodium acetate-HCl; pH 6.0-7.0, 0.1 M Tris-acetic acid;
pH 7.0-8.0 Tris-HCl.

Fungal genomic DNA extraction and 18s rRNA
amplification

Modified Promega protocol was used to extract
Aspergillus and other fungal genomic DNA by combining
yeast and plant tissue genomic DNA isolation kits. The
quality and quantity of DNA extract was analyzed by

biophotometer. Standard PCR Protocol of KAPA2G Fast
ReadyMix PCR Kit for 18s rDNA amplification was used.
The18S rDNA was amplified with primers that target
highly conserved region of 18s rRNA. Forward Primer
(EP3): 5’GGAAGGGRTGTATTTATTAG-3’ and Reverse
Primer (EP4): 5’TCCTCTAAATGACCAAGTTTG-3’
were used (Mishra et al. 2013). The total 25 µL PCR mix
consisted of 8 µL PCR grade water (ddH20), 12.5 µL of 2x
KAPA2G Fast ReadyMix, 1.25 µL of 10 µm Forward
Primer, 1.25 µL 10 µm Reverse Primer and 2 µL of DNA
template. The PCR running conditions were: Initial
Denaturation at 94oC for 3 min, 35 cycles of denaturation
at 94oC for 15 sec, annealing at 48oC for 15 sec, extension
at 72oC for 5 sec and final extension at 72oC for 2 min.

DNA electrophoresis and sequencing
PCR products were separated in 1% agarose gel

electrophoresis (Bio-Rad) with voltage, current and time of
85v, 400 m AMP and 60 minutes, respectively. The gel
was stained in solution of ethidium bromide for 15 minutes
and washed by distilled water for 15 minutes. DNA bands
formed visualized under UV illumination GelDoc.
Successfully amplified DNA samples were packed with
accession number and sent to Singapore 1st base laboratory
for determining 18S rDNA sequence of each screened
sample. Sequence results were used to perform BLASTn
alignment (http://www.ncbi.nlm.nih.gov/BLAST/).
Phylogenetic relationships were determined using MEGA
6.0 for fungus considered positive for phytase production
related species retrieved from GenBank.

RESULTS AND DISCUSSION

Phytase characterization
There are total 12 isolates as shown in Figure 1. All the

fungal cultures except isolate from orange (isolate number
5) have positive result for phytase production and the result
is shown in Figure 2.

1 2 3 4 5 6

7 8 9 10 11 12

Figure 1. Fungal isolates for phytase production. 1-4. Aspergillus niger (as comparison), 5. Isolate from orange, 6. Isolate from rice
field, 7. Isolate from palm bark, 8-9. Isolate from papaya fruit (Angr), 10-12. Isolate from sugarcane soil field
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As shown in Figure 2, the isolates from papaya (Angr),
A. niger, palm bark (Abark) and sugarcane field (Asoil)
have the highest phytase activities of 1199.8, 1114.5,
1149.2 and 1175.2 mU/mL, respectively. The three fungal
species identified are promising for the production of
phytase for further application and commercialization.
Three isolates (Angr, Abark and Asoil) with relatively
higher phytase activities were selected for further
optimization of temperature and pH, and molecular
analysis of the isolates. Similarly, phytase activities of 2.20
± 0.1 U/mL/min for the fungi Sporotrichum thermophile,
0.04 ± 0.01 U/mL/min for Aspergillus fumigatus, 0.22 ±
0.02 U/mL/min for Humicolainsolens, and 0.53 ± 0.02 for
Thermomyces lanuginosus were reported (Javed et al.
2010). High Phytase activity makes the enzyme highly
desired for applications in many areas such as animal
nutrition, aquaculture, human nutrition and health, and
agriculture (Sarsa 2013).

Optimum temperature
Different enzymes have various optimum temperature

and pH at which the enzymes function maximally. The
results of phytase activity at different temperatures are
presented in Figure 2.

The activity of phytase enzyme from the isolates was
determined at different temperatures and the enzymatic
activity was determined according to the reaction of the
phytase with sodium phytate substrate. Isolates Angr (A)
exhibited optimal activity at 60oC, isolate Asoil (B)
exhibited maximum phytase activity at 700C, whereas for
isolate Abark (C) maximum phytase activity was at 75oC.
This indicated that these enzymes are themostable which
makes it ideal for industrial enzyme application. Enzymes
used for animal feed supplements should withstand
temperatures of 60 to 90oC, during feed pelleting process
(Markus et al. 1998) .

Similar optimum temperatures were reported for
Aspergillus species at 55oC for A. niger (Natuphos) and A.
Niger NRRL3135, 50oC for A. niger SK-57, 60oC (A. niger
113 and A. fumigatus), 49oC for A. terreus A1, 45oC for A.
terreus CBS. Additionally, for yeasts the thermo-stability
of phytase activities were observed at temperatures of 600C
for Candida intermedia, 60-65oC for Kluyveromyces
thermotolerans, 65oC for Candida tropicalis (Xiong et al.
2004), 60oC for Pichia anomala (Sano et al. 1999),70-75oC
for P. rhodanensis (Xiong et al. 2004), 75oC for Arxula
adeninivorans (Nakamura et al. 2000), 75-80oC for P.
spartinae (Xiong et al. 2004), 77oC for Schwanniomyces
castellii (Vohra and Satyanarayana 2002 ).

pH optimum
The optimum pH for isolates Angr was pH 4.5, Asoil

was pH 4.5 and Abark was pH 3.0. This indicates that each
isolates have different optimum pH values at which the
fungal species have maximum phytase activity at those
particular pH ranges or values. Optimum phytase activities
were reported at pH 4.5 for Candida intermedia, Candida
tropicalis and Arxula adeninivorans (Nakamura et al. 2000;
Sano et al. 1999), pH 4.0-5.0 for Kluyveromyces

thermotolerans (Nakamura et al. 2000), pH 4.0 for
Pichiaanomala (Vohra and Satyanarayana 2002 ), 4.0-4.5
for P. rhodanensis (Nakamura et al. 2000), pH 4.5-5.5 for
P. spartinae (Nakamura et al. 2000), pH 4.4 for
Schwanniomyces castellii (Segueilha et al. 1992).

The active site structure of enzymes plays an important
role for its specificity and change in pH has an effect on the
structure. For example, the pH-dependent catalytic site
alkaline pH possibility providing alternative activity of A.
fumigatus phytase was reported to be linked to three water
molecules that may prevent the substrate from binding thus
block the nucleophilic attack of the catalytic imidazole
nitrogen (Liu et al. 1998 ).

Figure 2. Phytase activity (mU/mL) of the fungal isolates A.niger
(as comparison), isolate orange fruit (Aorange), rice soil field
(Arice), Palm bark (Abark), papaya fruit (Angr) and sugarcane
soil (Asoil)

Figure 2 Optimum temperatures for phytase enzyme activity of
the isolates. A. Angr, B. Asoil, C. Abark

Figure 3. Phytase activity optimum pH for isolates: An = Angr,
As = Asoil, Ab = Abark
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Molecular characterization and bioinformatics
Isolates with highest enzyme activity were selected for

PCR amplification. Three of the isolates were successfully
amplified. The 18S rDNA PCR product sizes were around
1500 bp as shown in Figure 4.

As shown in Figure 5, all the three phytase producing
isolates were successfully amplified. This indicates that the
primer used to amplify 18S rDNA was specific so that it
targets the required conserved DNA region. BLAST
analysis of the partial 18S rRNA gene sequences for the
three fungal isolates with the highest phytase activity are
presented in Table 1.

Based on the BLAST analysis on similarity, the result
of isolates of 18S rRNA sequence with gene bank it was
found that the fungal isolate designated as Angr has 97%
similarity with Aspergillus niger strain CEPC 11, which
has 1723 bp18S ribosomal RNA gene length, isolate Asoil
was identified as Nigrosabulum globosum with 94 %
(novel) similarity and 18S ribosomal RNA gene length of
1638 bp, whereas Isolate Abark was 98% similar to
Beauveria felina strain CBS 173.71 with 18S ribosomal
RNA gene length of 2285 bp.

Figure 4. Electrophoresis of 18s rRNA PCR product bands
observed for Isolate from Angr (1 and 2), Asoil (3 and 4) and
Abark (5 and 6)using 1 Kb DNA marker (M)

Table 1. Identification result of the three phytase producing fungal isolates

Sample Similarity Spp size
(bp)

Query
cover Identity Accession

Angr Aspergillus niger strain CEPC 11 18S ribosomal RNA
gene, partial sequence

1723 83% 97% KM516789.1

Asoil Nigrosabulum globosum strain ATCC 22102 18S
ribosomal RNA gene, partial sequence

1638 80% 94% AF096180.1

Abark Beauveriafelina strain CBS 173.71 18S ribosomal RNA
gene, complete sequence

2285 90% 98% AY261368.1

Figure 4. Evolutionary relationships of taxa: The phylogenetic analysis involved 16 nucleotide sequences. The Neighbor-Joining Method available in
MEGA6 was used to infer the evolutionary history with the sum branch length of 0.40975987. The Maximum Composite Likelihood method was used to
compute the evolutionary distances (Tamura et al. 2013).

Angr

Aspergillusniger strain AN0512 18S ribosomal RNA gene |KP036601.1|

Aspergillusfumigatus strain 15H4-P0-P1-1 18S ribosomal RNA gene |KM222291.1|

Aspergillusawamori strain K-03 18S ribosomal RNA gene |KF922319.1|

Aspergillusglaucus strain CB33 18S ribosomal RNA gene |KM222224.1|

Aspergillusflavus strain EGY1 18S ribosomal RNA gene |KM870530.1|

Aspergillustamarii strain ZJUT ZQ013 18S ribosomal RNA gene |KJ470706.1|

Beauveriafelina strain CBS 173.71 18S ribosomal RNA gene|AY261368.1|

Nigrosabulumglobosum strain ATCC 22102 18S ribosomal RNA gene |AF096180.1|

Acremoniumflavum strain CBS 596.70 18S ribosomal RNA gene|HQ232191.1|

Hapsidosporairregularis strain ATCC 22087 18S ribosomal RNA gene |AF096177.1|

Geosmithiaputterillii gene for 18S ribosomal RNA |AB031390.1|

Hirsutellaradiata voucher ARSEF 1369 18S ribosomal RNA gene |KM652076.1|

Purpureocilliumlilacinum strain G406 18S small subunit ribosomal RNA gene |KJ443071.1|

Abark

Asoil

0.02

M 1 2 3 4 5 6

250 bp

1500 bp

10,000 bp



BIODIVERSITAS 18 (1): 10-14, January 201714

The 16S/18S rRNA sequence-based identification of
microbes focuses on key parts of the genetic makeup of
bacterial, fungal and yeast cells called ribosomal RNA,
commonly referred to as 16S rRNA in prokaryotes (e.g.
bacteria) or 18S rRNA in eukaryotes (e.g. yeast,
Aspergillus and fungi).The 18S rRNA gene-based approach
was used as a tool for identification unknown fungal
species which are able to produce phytase enzyme.
Sequence nucleotide analysis of conserved 18S rRNA
region helps to find out the sequence similarity of different
eukaryotic species based on either pairwise or multiple
sequence analysis (Sugita and Nishikawa 2003).

As shown in figure 4. The nucleotide sequences of the
genes encoding the 18S rRNA of Aspergillus niger,
Nigrosabulum globosum, Beauveria felina and other fungal
sequences were elucidated and aligned to the sequences of
isolates Angr, Abark and Asoil. The phylogenetic analysis
and comparison showed that the isolate Angr is closely
related to Aspergillus. It is clearly shown that the genus
Aspergillus is clustered together in top part of the
phylogenetic tree showing the phylogenetic relatedness of
species. The 18S rDNA is a good candidate for finding
consensus conserved regions suitable for genus or higher
taxonomic level detections because of its relatively slow
rate of molecular evolution (Wu et al. 2003).

To conclude, phytase from isolate Angr (97% similar
with Aspergillus niger strain CEPC 11) has an optimum
temperature of 600C, and the pH of 4.5 and 7.0. The
phytase activity for isolate Asoil (94% similar to
Nigrosabulum globosum strain ATCC 22102) has optimum
temperature of 700C and peak in pH of 3.0, 4.5 and 7.0,
whereas, Isolate Abark (97% similar with Beauveriafelina
strain CBS 173.71) has optimum temperature activity of 75
0C and peak in pH of 3.0 and 5.0.This research comes out
with additional two novel fungal species (Beauveria felina
strain CBS 173.71, Nigrosabulum globosum strain ATCC
22102) which were never reported so far.
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Abstract. Purwantoro, Suhartina, Nugrahaeni N, Sulistyo A. 2017. Response of soybean genotypes introduced from South Korea to
drought stress during reproductive stage. Biodiversitas 18: 15-19. Soybean is mostly planted in wetland (paddy field) during dry
season. The plant is frequently suffered from drought which lead to low productivity. Cultivar tolerant to drought is needed in an attempt
to increase productivity. Instead of high productivity, short duration and large seed size are soybean characteristics preferred by soybean
farmers in Indonesia. Research aimed to assess response of soybean introduction genotypes to drought stress during reproductive phase
were conducted during dry season of 2012. Genotypes used in the study were twenty soybean genotypes introduced from South Korea
and three check cultivars (Mutiara, Grobogan, and Dering 1). The trials were conducted in the field at Kendalpayak Experimental Farm
and under rain-shelter in Kendalpayak, Malang, East Java, Indonesia. Each genotype was planted in a single row of 2 m length, with no
replication. Plant spacing was 40 cm x 15 cm. Fertilizers i.e. 100 kg ha-1 of Urea, 100 kg ha-1 of SP36, and 75 kg ha-1 of KCl were
applied entirely at planting time. The plants were irrigated twice, at planting and at flowering time, and then subjected to drought stress
during reproductive phase. Observations included days to flowering, days to maturity, plant height, number of branches, number of
fertile nodes, number of pods, number of empty pods, weight of 100 seeds, and seed weight per plant. Results showed that five out of
the 20 tested genotypes were resistant to drought stress during reproductive phase comparable to the check cultivar Dering 1. Four of
them, i.e. Daewon, Ilmi, Jangmi, and Mausu, including large seed size and short duration. Those characteristics can be used to improve
seed size and plants maturity of the existing drought tolerant cultivar.

Keywords: Glyine max, introduction, genotype, drought stress, reproductive phase

INTRODUCTION

Soybean in Indonesia is mostly planted in the dry
season (July-October) and is frequently experience of
drought stress during reproductive phase. Flowering, pod
formation, and seed filling phases are critical periods of
soybean plants to drought stress. Drought stress during
flowering phase causes flowers and young pods abortion. If
the drought continues through pod formation and seed
filling phases, it will lead to yield decrease through
decreasing number of pods per plant (Whigham and Minor,
1978). Drought that occurred during the two phases also
cause imperfect seed filling and poorly-filled seeds. Those
stresses cause smaller seeds and yield decrease (Momen et
al. 1979).

Soybean yield decrease due to water deficit range
between 11.7% and 44.9% depending on levels and time of
drought stress (Saitoh et al. 1999; Sincik et al. 2008). The
stress during generative phase can reduce soybean yield by
34%  (Suhartina and Arsyad 2005). Higher yield decrease
was found under green house study and the plant was
imposed to drought stress during the generative phase
(Suhartina 2001; Suhartina et al. 2002).

Dering 1 is the first soybean cultivar released officially
in Indonesia as tolerant to drought stress during
reproductive phase. The cultivar was released in 2014, and
is classified as medium maturity (82 days), medium seed

size (12 g/100 seeds), and provides 2.0 t/ha yield average.
Improvement of the drought tolerant soybean variety needs
to be done, especially for seed size and maturity days.
However, existing soybean germplasm for improving the
characters are limited, therefore we were introducing
germplasm South Korea in an attempt to broaden the
diversity of the two characters. Introduced of soybean
genotypes that have high adaptability with good agronomic
characters and a higher yield than the check varieties has
the potential to be released as a new high yielding varieties.
In addition, the genotypes can be used as a source of genes
or parent in improved varieties.

Drought stress tolerance assessment can be based on the
plant characters, both morphological and physiological,
such as pattern of rooting depth, number of stomata,
osmotic adjustment, and changing of cell wall elasticity
(Sammons et al. 1980; Ku et al. 2013; Devi et al. 2014).
However, several studies showed that there was no
consistent correlations between those characters’ changes
and yield. Therefore, yield and yield stability are still the
main basis of drought tolerance assessment. Several studies
have concluded that selection of drought stress tolerance
would be more efficient when is done on reproductive
period (Hura et al. 2007). It is suggested that selection for
soybean tolerance to drought and high yield should be done
under optimal and drought stress conditions and was based
on grain yield (Nalampang et al. 1989).
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The purpose of this study was to assess the adaptation
of soybean genotypes introduced from South Korea under
drought stress during reproductive phase .

MATERIALS AND METHODS

Two experiments were conducted during the dry season
of 2012, i.e. field experiment and rain-shelter experiment.
Both of the experiments were conducted at Kendalpayak,
Malang, East Java, Indonesia. Material used in the study
were 20 soybean genotypes introduced from South Korea
(Cheongdu 1, Cheongja 3, Daehwang, Daemang, Daemang
2, Daepung, Daewon, Danweon, Geomjeong, 3,
Geonjeongsaeol, Jangmi, Ilmi, Jinpumkong 2, Mansu,
Punsan namul, Saonyu, Shinpaldakong 2, Sodam, Songhak,
Taekwang) and three check cultivars, i.e. Mutiara used as
large seed size check cultivar, Grobogan used as a check of
sensitive genotype with early maturity and large seed size,
and Dering 1 used as drought resistant check.

Each genotype was planted in a single row of 2 m
length and without replication. Plant spacing was 40 cm x
15 cm. Fertilizers i.e. 100 kg ha-1 of Urea, 100 kg ha-1 of
SP36, and 75 kg ha-1 of KCl were applied entirely at
planting time. Irrigation was only given at planting and
flowering time, and for drought stress condition during the
reproductive phase. Observations included days to
flowering, days to maturity, plant height, number of
branches, number of fertile nodes, number of pods, number
of empty pods, weight of 100 seeds, and weight of seeds
per plant. Supporting data collected were pF curve and soil
water content. The pF curves made at pF 0; 2.0; 2.5; 3.0;
and 4.2, while the soil water content was observed with an
interval of 7 days during the reproductive phase.

The soil water content during reproductive phase
ranged from 24-31% under rain-shelter and 22-25% in the
field. Based on pF curve at the location of the trial, field
water capacity is equivalent to 40% soil moisture content.
Thus, the water content of the soil during the reproductive
phase was under field capacity. This indicates that soybean
plants experienced drought stress during the trial.

Wilting as plant response to drought stress was rated
visually on 1-5 scale following De Rosario et al. (1992)
scoring method. The observation was started at R2
(flowering phase) to R5 (seed filling phase). Wilting scores
used were as follows:

Score 1 : all leaves were green and fresh,
Score 2 : > 50% of the leaves were still turgid and no

brown leaves,
Score 3 : > 50% of the leaves were started to wilting and <

50% of the leaves were started to brown,
Score 4 : > 50% of the leaves were started to wilting and >

50% of leaves were started to brown, there was
no dead plant,

Score 5 : > 50% of the leaves were started to wilting, >
50% of the leaves were started to brown, and the
plants were starting to die.

The data obtained from both the trials were analyzed for
t-test using SAS v.9 software (SAS Institute Inc., NC) to

test the difference between the two stress conditions for the
respective traits.

RESULTS AND DISCUSSION

The first drought stress symptom that appear was
canopy wilting, and it was noticed earlier on the field trial.
The same symptom was observed by Carter et al. (2006) on
soybean that experienced water deficit especially for the
genotypes that susceptible to drought stress. Therefore,
delay wilting under drought conditions is important trait in
evaluating soybean response to drought stress (Pathan et al.
2014). In this study, the symptoms appear at 60 days after
planting (dap) or two weeks after the last irrigation. At the
beginning of symptoms of dryness, the average score was
2.1 and the wilted rose to 3.6 at 70 dap. The same
symptoms appeared in 70 dap on trial in rain-shelter, but
directly with an average score of 3.3 in the range 2-5
(Table 1, Figure 1).

Based on the wilting scores both in the field and under
rain-shelter, there were five genotypes that showed drought
tolerance equal to the drought tolerant check Dering 1
cultivar, namely Daewon, Ilmi, Jangmi, Mausu, and Sodam
(Table 2). Daewon and Ilmi are South Korean drought
tolerant cultivars. These results indicated that the two
cultivars were consistently showed tolerant both in
Indonesia and in South Korea, their origin country.
According to London et al. (2012), drought-tolerant
soybean genotypes, indicated by delay wilting, are able to
save the use of water by limiting transpiration. Sinclair et
al. (2007) found that the delayed wilting canopy followed
by continuous nitrogen fixation in drought conditions
would increase yield under water deficit conditions.

A B

Figure 1. Soil water content at various pF (A) and the dynamics
of soil water content since the flowering stage until physiological
maturity in field experiments (B)

Table 1. Average and range of soybean wilting scores at 60, 67,
and 70 dap in the field and rain-shelter trials

Information
Plant wilting score

in the field
Plant wilting score
under rain-shelter

60 dap 67 dap 70 dap 60 dap 67 dap 70 dap
Average 2.1 3.6 3.6 1 1 3.3
Min. 1 1 1 1 1 2
Max. 5 5 5 1 1 5



PURWANTORO et al. – Response of soybean genotypes to drought stress 17

Table 2. Days to flowering, days to maturity, weight of 100 seeds, weight of seeds per plant, and wilting score of five soybean
genotypes introduced from South Korea that resistant to drought stress in field and under rain-shelter

Genotypes
DF (dap) DM (dap) WS (g) WSP (g) Wilting Score

Field
Wilting Score
Rain-shelter

Field Rain-shelter Field Rain-shelter Field Rain-shelter Field Rain-shelter 60 67 70 60 67 70
Mausu 31.0 25.0 76.0 78.0 22.2 24.2 6,0 7,9 1 1 2 1 1 2
Jangmi 29.0 25.0 76.0 76.0 17.5 23.2 4,4 8,7 1 1 2 1 1 2
Daewon 28.0 24.0 79.0 72.0 17.0 22.1 4,6 4,7 1 1 2 1 1 2
Ilmi 29.0 25.0 84.0 78.0 18.6 19.4 6,5 7,0 1 1 2 1 1 2
Sodam 31.0 26.0 74.0 80.0 5.4 10.4 3,2 3,3 1 2 3 1 1 2
Grobogan 31.0 29.0 74.0 69.0 18.6 16.8 5,8 3,3 1 2 4 1 2 4
Mutiara 33.0 34.0 82.0 79.0 23.8 16.4 11,9 4,4 1 1 4 1 1 3
Dering 1 33.0 34.0 83.0 80.0 10.1 11.5 11,3 3,4 1 1 2 1 1 2
Notes: DF=days to flowering, DM=days to maturity, WS=weight of 100 seeds, WSP=weight of seeds per plant

Table 3. Agronomic traits of introduced soybean genotypes in the
field and under rain-shelter in drought stress condition during the
reproductive phase

Characters Field Rain-shelter t-test

Days to flowering (dap) 30.2 26.3 9.54**
Days to maturity dap) 76.4 74.5 2.08*
Plant height (cm) 29.1 37.4 -9.6**
Number of branches 2.5 1.7 4.20**
Number of fertile node 11.9 8.7 4.27**
Number of pods 14.9 13.8 0.51 ns
Number of empty pods 1.6 3.5 -5.96**
Weight of 100 seeds (g) 15.9 20.4 -3.05**
Seed weight per plant (g) 5.3 4.7 0.82 ns
Note:* and ** = significantly different at 5% and 1% respectively,
ns = not significant

Soybean plants under rain-shelter received more severe
stress because of the shade in addition to drought.. The
rain-shelter construction caused reduction of solar
radiation intensity, and it was approximately 75.2% of full
radiation (ranged between 72.0-79.5%). The radiation
intensity difference received between the  plants in the field
and  rain-shelter trials caused differences in plant growth. .
Soybean plant under rain-shelter grew higher than those in
the field (Table 3). Polthanee et al. (2011) also found the
same that differences in the intensity of solar radiation
affected soybean stem elongation. Soybean grows in height
between 10% and 24% under low light. According to
Zhang et al. (2011), plants grow taller under shade
conditions caused by increased hormone indole-3-acetic
acid (IAA).

On the contrary in terms of number of branches,
number of fertile nodes, and number of pods. Observations
on plants under rain-shelter showed that those three
agronomic traits were less compared to those observed on
field trial (Table 3). These results are in line with research
found in Japan (Kurosaki and Yumoto 2003; Kakiuchi and
Kobata 2006), and in Thailand (Polthanee et al. 2011) that
low light intensity led to a reduction in the pod number per
plant. Although the number of pods reduced, soybean plant
under rain-shelter produced larger seed size than those in
the field. That phenomena caused average of seed weight
per plant became insignificant between the two conditions
(Table 3). According to Ghassemi-Golezani et al. (2015),

maximum seed weight under low light condition is due to
long duration of seed filling under shade condition, and the
condition leading to a 15.8% increase in seed weight.

Drought stress that occurred during this study both in
the field and under the rain-shelter was also affected
number of pods, number of seeds and seed size. Desclaux
et al. (2000) reported that soybean plant would reduce the
number of seeds per pod when water deficit occurs at the
beginning of pod filling, and reducing the weight of the
seed if water stress occurs at the end of seed filling. Oya et
al. (2004) adds that the drought stress that occurs during
the initiation of flowering will reduce the number of pods
per plant, and causes a decrease in the number of seeds.

Days to maturity is one of the characters that plan to be
improved on Dering 1 cultivar. In general, soybean
genotypes introduced from South Korea shorter and
matured earlier compared to the check cultivars, both in the
field and under rain-shelter (Table 4). This means that there
is an opportunity to improve the maturity of Dering 1 by
utilizing those early maturing genotypes. Days to maturity
in soybean is reported to have a high heritability indicates
that these trait can be inherited to the offspring (Costa et al.
2008; Osekita and Olorunfemi 2014). In term of water
scarcity, adaptation of plants to drought stress can be
through drought escape, dehydration postponement, and
dehydration tolerance (Turner et al. 2001). Soybean
genotypes introduced from South Korea with early
maturity potentially improve drought resistance of Dering 1
through drought escape mechanisms.

On the other hand, results also showed that seed size of
soybean genotypes introduced from South Korea has a
wider range under both the environments (Table 4). It is
suggested that the soybean genotypes from South Korea
could be used as gene sources for seed size improvement.
This result was more interesting compared to the previous
studies when planting F5 populations derived from crosses
among Indonesia soybean. Sulistyo et al. (2016) reported
that there were only 14 lines out of 85 lines with a medium
seed size (11-13 g/100 seeds) and larger than Dering 1
(10.76 g/100 seeds). In this study, Grobogan cultivar is one
of the check varieties with large seed size. Four out of the
20 soybean genotypes tested had large seed size (> 14
g/100 seeds). Those four genotypes were Mausu, Jangmi,
Daewon, and Ilmi (Table 2).
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Table 4. Performance of agronomic characters of soybean genotypes introduced from South Korea in the field and rain-shelter in
drought stress conditions during reproductive phase

Character Genotypes
Field Rain-shelter

Average Min. Max. Average Min. Max.
Days to flowering (dap) Introduced 29.9 28.0 32.0 25.4 24.0 29.0

Check 32.3 31.0 33.0 32.3 29.0 34.0
Days to maturity (dap) Introduced 75.9 69.0 84.0 74.3 69.0 80.0

Check 79.7 74.0 83.0 76.0 69.0 80.0
Plant height (cm) Introduced 25.6 18.7 44.5 34.6 26.6 47.8

Check 52.7 37.6 70.6 56.8 47.7 67.1
Number of branches Introduced 2.5 1.3 3.6 1.7 0.0 3.6

Check 3.0 1.8 3.7 1.6 1.2 2.1
Number of pods Introduced 12.1 6.8 21.2 13.9 7.0 23.4

Check 33.8 14.4 54.4 13.0 10.4 14.5
Number of empty pods Introduced 1.5 0.2 3.5 3.8 1.4 5.4

Check 2.7 1.1 4.8 2.1 1.6 2.6
Weight of 100 seeds (g) Introduced 15.7 5.4 25.6 21.2 10.4 30.3

Check 17.5 10.1 23.8 14.9 11.5 16.8
Weight of seeds per plant (g) Introduced 4.6 2.7 7.2 4.9 2.2 8.7

Check 9.7 5.8 11.9 3.7 3.3 4.4

Table 5. Coefficient correlations among agronomic characters of drought-tolerant soybean genotypes

Characters DF DM PH NB NFN NP NEP WS

DM 0.34**
PH 0.16ns 0.26ns
NB 0.41** 0.27ns -0.06ns
NFN 0.47** 0.36* 0.28ns 0.71**
NP 0.18ns 0.25ns 0.47** 0.41** 0.77**
NEP -0.57** -0.07ns 0.26ns -0.29ns -0.18ns -0.01ns
WS -0.37* -0.04ns 0.01ns 0.03ns -0.04ns 0.00ns 0.43**
WSP 0.14ns 0.34* 0.37* 0.53** 0.71** 0.78** 0.03ns 0.24ns
Notes: DF=days to flowering, DM=days to maturity, PH=plant height, NB=number of branches, NFN=number of fertile nodes,
NP=number of pods, NEP=number of empty pods, WS= weight of 100 seeds, and WSP=weight of seeds per plant

Correlation studies showed that seed weight per plant
were positively correlated with days to maturity, plant
height, number of branches, number of fertile nodes, and
number of pods (Table 5). The highest seed yield per plant
was found within the late maturity genotypes, taller plants,
higher number of branches, higher number of fertile nodes,
and higher number of pods. These results are in line with
Akram et al. (2011) report that seed weight per plant had
highly significant and positive correlation coefficients with
days to maturity, plant height, number of branches, and
number of pods. According to Oz et al. (2009), and
Valencia-Ramirez and Ligarreto-Moreno (2012) number of
pods and number of nodes gave direct positive effect to
seed weight per plant. Malik et al. (2007) and Sitompul et
al. (2015) suggested that number of pods may be used as
one of selection criteria in soybean breeding for high yield.
Additionally, the highest yield per plant in this study was
found on genotypes with large and medium seed size. The
correlation profile between these characters indicates that
there were early maturity and large seed size genotypes
among genetic material tested. However, among the five

genotypes resistant to drought stress, Daewon, Ilmi,
Jangmi, and Mausu genotypes have large seed size and
early maturing (Table 2).

Based on the results it can be conclude that genotypes
which showed tolerance to drought stress as indicated by
low wilting score were not necessarily found on high seed
yield genotypes. Tolerant genotypes have advantages in
seed size character. Four of the five genotypes resistant to
drought (Daewon, Ilmi, Jangmi, and Mausu) have larger
seed size than Dering 1 cultivar.
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Abstract. Aloysius S, Purwantoro A, Dewi K, Semiarti E. 2017. Improvement of genetic variability in seedlings of Spathoglottis plicata 
orchids through X-ray irradiation. Biodiversitas 18: 20-27. Developing genetic variability of orchids via mutation is promising for 
orchid breeding. The objective of this research was to improve genetic variation of Spathoglottis plicata orchids through X-ray-
irradiation of the orchid seeds. The method involved X-ray irradiation of one month old mature orchid seeds at doses of 0, 6, 12, 18, and 
24 rad. The X-ray irradiated seeds were sown on a half strength of MS medium and grown into protocorms (developing orchid embryo). 
Eight weeks-old protocorms were subcultured onto NP-SIM medium. Five months-old seedlings were then subcultured again into a new 
flask and morphological observations were recorded. Genetic variability detection was conducted using PCR RAPD based on nine 
primers, i.e. OPA1, OPA2, OPA11, OPA12, OPA14, OPB1, OPB4, OPD12, OPD14. The data was analyzed using GenAlex 6.1 
software to obtain the genetic distance. Moreover, NTSys ver.2 was used to analyze the data for clustering and constructing a 
dendrogram based on Neighbour Joining model. The result showed that X-ray irradiation with doses of 12-18 rad was able to stimulate 
morphological variation of seedlings, especially characters of leaf, root and shoot. Interestingly, we found 2 in vitro early flowering 
plants among one years old X-ray irradiated plants, indicated that somehow X-ray mutation affect flowering time in orchid. Based on 
the dendrogram of genetic distance that the group of mutants was farther than the WT group and the percentage of polymorphism was 
bigger than that of wild type group, it is concluded that 12-18 rad doses of X-ray irradiation can be used for induction of genetic 
variability in Spathoglottis orchid. 

Keywords: Genetic variability, seed, seedling phenotype, Spathoglottis plicata, X-ray 
Abbreviations: BAP = benzylaminopurine; NAA = naphthaleneacetic acid; 2iP = 2 = isopentenyl adenine; NP = new phalaenopsis; 
SIM = shoot induction medium 

INTRODUCTION  

Spathoglottis plicata is a common terrestrial orchid in 
Indonesia. The beauty of purple flowers and ease 
cultivation made this orchid can be used as a model plant 
for orchid study. however, the diversity of this species is 
still low (Effendie et al. 2002). The variation may emerge 
from breeding result of seeds. Nevertheless, since orchid 
seeds are very small in size and have no endosperm 
(Semiarti et al. 2014), so in nature the orchid breeding by 
the seed is quite difficult. To develop the orchid variability, 
an in vitro culture system equipped with mutation induction 
worth to be conducted.  

The development of plant diversity with X-ray 
irradiation is the easiest way, but its application to orchids 
is still very limited. Seeds are very sensitive stage to 
radiation that precisely used as an irradiation target to 
obtain new characteristics (Jan et al. 2012; Shu et al. 2012; 
Kara et al. 2015). Irradiation on orchids is usually directed 
towards on its pod. The effectiveness of irradiation 
decrease because of the thickness of the pod coat. 
Furthermore, the amount of water in the pod certainly 
inhibit penetration of irradiation to the seed. Gamma ray-

irradiation has been done on Phalaenopsis, Dendrobium, 
and Catleya orchids (Sulistyaningsih 2013), and also to 
protocorms (Gonzales et al. 2008), and S. plicata seedling 
(Pinmonrat and Suraninpong 2009). But so far, there has 
been no report especially concerning the effect of X-ray, 
which is irradiated directly on the seed. X-ray was also 
reported on it capability to induce mutation in Arabidopsis 
(Shu et al. 2012), Zinnia elegans Jacq (Pratiwi 2010; 
Gultom and Gultom 2015), and other horticulture plants, so 
that it is expected could be act as a trigger for inducing 
mutation in orchids, especially S. plicata.  

Ionizing during ray irradiation such as X-ray and 
gamma ray through material generates excitation and 
ionization (Han and Yu 2009). Ionization gives rise to the 
breaking up of substantial compound chemical bonds such 
that nucleic acid in biological systems (Whitmore 1995; 
Han and Yu 2009). The damage extent of the ionizing ray 
is affected by the type or quality of the ray, irradiation 
dose, and also genotype factor or organism sensitivity level 
(Hameed et al. 2008; De Micco et al. 2010; Al-Enezi and 
Al-Khoyri 2012). Organism sensitivity is affected by age, 
genotype, metabolism activity level, physiological 
condition, and tissue complexity (De Micco et al. 2010).  
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From all of the reasons above, the focus of this research 
is to scrutinize whether X-ray irradiation upon the seed is 
capable for (i) inducing the emergence of morphological 
variation and (ii) bringing out genetic variability on S. 
plicata orchids plantlets. The objective of this research is to 
determine the genetic variability in the seedling as a result 
of X-ray irradiation treatment on seeds. 

MATERIALS AND METHODS  

Plant materials 
 Plant materials used in this work is 30-32 days old 

(mature) seeds of Spathoglottis plicata. The seeds were 
obtained from self pollinated S. plicata flowers from the 
orchid collection of Laboratory of Biotechnology, Faculty 
of Biology, Universitas Gadjah Mada, Yogyakarta, 
Indonesia. Seed irradiation was done in STTN BATAN, 
Yogyakarta with doses of 0, 6, 12, 18, and 24 rad that 
decided based on preliminary tests.  

In vitro culture 
In vitro culture was conducted in Laboratory of 

Biotechnology, Faculty of Biology, Universitas Gadjah 
Mada, Yogyakarta, Indonesia. The irradiated seeds were 
cultured in a half strength of MS medium in a petridish 
until the 8 weeks old protocorms were formed. The 
protocorms were then sub-cultured on NP-SIM medium 
(shoot induction medium with New Phalaenopsis basic 
medium) and maintained for 5 months under continuous 
white light at 25ºC condition. NP-SIM with addition of 6-
benzylaminopurine (BAP)growth regulator and 2iP (0.3 
µM) and NAA (0.15 µM) were used for culture medium. 
The seedlings were then sub-cultured again into a new 
flash for growing further maintenance. Morphological 
characters such as number of leaf, length and width of leaf, 
plant height, number of root, the length and thickness of 
root were measured from 10 months old seedlings, 
covering Morphological observation was conducted to 
detect mutant seedlings and picked up its for further 
molecular analyses compare to the wild type.  

DNA isolation and analysis 
DNA analysis was conducted upon genome DNA of 

wild type seedling and its mutant. DNA isolation was done 
using CTAB method according to Murray and Tompson 
(1980) with modification. DNA quantification was carried 
out using spectrophotometry on the ratio of λ 260 nm and 
280 nm. DNA visualization was performed with 
electrophoresis. 

 
Table 1. Screening results of decamer types oligonucleotides for 
RAPD  
 

Primer Nucleotide order 
5’—3’ Primer Nucleotide order 

5’—3’ 
OPA-01 CAGGCCCCTTC OPB-1 GTTTCGCTCC 
OPA-02 TGCCGAGCTG OPB-4 GGACTGGAGT 
OPA-11 CAATCGCCGT OPD-12 CACCGTATCC 
OPA-12 TCGGCGATAG OPD-14 CTTCCCCAAG 
OPA-14 TCTGTGCTGG   

PCR-RAPD analysis 
Molecular analysis was done by Polymerase chain 

reaction (PCR) using Random Amplified Polymorphic 
DNA (PCR-RAPD). To detect the existence of DNA 
polymorphism among the independence seedlings DNA to 
determine the genetic variabilities that could be used to 
distinguish the wild type seedlings and mutant seedlings. 
The primer type used for PCR-RAPD was decided based 
on screening result using three genom DNA samples. From 
22 types of decamer (OPA1, OPA2, OPA3, OPA4, OPA8, 
OPA11, OPA12, OPA14, OPB1, OPB3, OPB4, OPB6, 
OPB8, OPB11, OPD1, OPD2, OPD3, OPD9, OPD10, 
OPD12, and OPD14) which were being screened. Nine 
types of oligonucleotide primers were found that showed 
the presence of polymorphic DNAs (Table 1) 

RAPD PCR reaction was conducted in 200 µL 
microtube with final volume of 10 µL, containing 5 µL Go 
Taq Green (Promega, Madison, USA), 0.25 µL (10 µM) 
primer (decamer), 2.5 µL DNA template (25x dilution), 
and 2.25 µL nuclease-free water. The PCR reaction started 
from pre-denaturation step (94oC, 1 minute). Followed by 
further steps consist of denaturation (94oC, 30 seconds), 
annealing (37oC, 30 seconds), and elongation (72oC, 1 
minute 30 seconds), run in 45 cycles, then elongation 
(72oC, 7 minutes) and finally terminated with hold it at 4oC.  

PCR products were visualized with electrophoresis in 
1.5% agarose gel, 1 µL of Florosafe was used for DNA 
staining (1st Base). For DNA marker, Vivantis DNA 
Ladder which gives DNA band size in the range of 100-
3000 bp was used. Electrophoresis was conducted in 1x TBE 
solution in 100 volt for 60 minutes. The electrophoresis 
result is observed under UV transilluminator and 
photographed using a Canon digital camera. 

Data processing 
The qualitative data related to the observation of 

morphological variation of the seedling were descriptively 
analyzed. The growths of seedling were measured and 
analyzed statistically by one-way analysis of variance, 
followed by Duncan test (DMRT). The data resulted from 
RAPD were converted into binary data by giving scores. 
Score 1 if there was a DNA band and score 0 if there was 
no DNA band. The data was processed with GenAlex 6 
program (Peakall and Smouse 2006) to obtain genetic 
distance and its principal coordinates analysis. Clustering 
was carried out using Numerical Taxonomy and 
Multivariate Analysis System (NTSys) ver 2 program 
(Rohlf 1990) employing Sequential, Agglomerative, 
Hierarchical and Nasted clustering (SAHN) with 
Unwighted Pair Group Methods with Arithmetic Averages 
(UPGMA) to obtain the dendrogram. Dendrogram was also 
constructed based on Neigbour Joining model. 

RESULTS AND DISCUSSION 

Effects of x-ray irradiation on the growth of embryos 
and seedlings 

The basic requirement for an effective use of mutation 
induction of terrestrial orchid S. plicata via X ray-irradiated 
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seeds were determined using embryo sensitivity level, 
based on the growth and survival of embryo to become a 
plantlet that ready to be planted ex vitro. The growth of 
embryo and stages of embryogenesis, germination rate, and 
its survival was suppressed by X-ray irradiation at a dose of 
24 rad (Figure 1, Table 2). 

The growth of embryos were significantly inhibited by 
x-ray irradiation. At irradiation of 0-24 rad, the embryos 
from non-irradiated seeds (0 rad) reached an average 
lengths of 1,382 mm while the embryos from irradiated 
seeds was only reached less than 0.67 mm. Effect of seed 
irradiation continues on further growth and development of 
seedlings. Based on the decrease size of the leaf lengths, 
plant heights and root lengths (Figure 2), the growth of 
seedlings from irradiated seeds, it is known that irradiation 
of seeds at a dose above 18 rad was significantly inhibited 
the growth and development of S. plicata cells and organs.  

Growth of embryos (Table 2) and seedlings (Figure 2) 
were suppressed at the doses of 18 rad. The growth 
inhibition of embryo development can be evoked by the 
damage of the cells of embryo and the meristem tissues, 
also the damage of auxin activity that very sensitive to 
photo-oxidation or caused by disturbance of physiological 
activity. Inhibition of growth caused by genome damage 
and disruption of mitosis, mainly due to disruption of the 
cell cycle at the G2/ M phase (Jan et al. 2012). Inhibition of 
growth rate can also be triggered due to the death of 
meristem cells, not only by the genetic damage. The 
growth can also be suppressed by physiological disorders 
(De Micco and Arena 2011; Jan et al. 2012). Gonzales et 
al. (2008) was also found some inhibition of plantlets 
growth due to gamma-ray irradiation to the embryos of S. 
plicata. Inhibition of growth due to gamma ray irradiation 
may be linked to the disruption of auxin and DNA that 
involved in the synthesis of auxin, or because of the 
damaged activity of auxin (Jan et al. 2012).  

Effect of x-ray towards morphology of S. plicata seedling 
Almost all seedlings derived from irradiated seed 

culture, exhibited normal that similar to the wild type (wild 
type-like phenotype). Only a few seedlings undergo 
morphological changed predominantly. This changed might 
be caused by mutation. There were five (5) groups of 
mutant (mutant pool) of seedling occurred in this work, 
namely (i) leaf shape mutants, (ii) root mutants, (iii) shoot 
mutants, (iv) pigment mutants, and (v) early flowering 
mutants.  

Overall, based on the analysis of total number of 
seedlings, almost all seedlings from x-ray irradiated seed 
(>98 %) have morphological characteristics similar to the 
normal seedlings (Table 3). However, upon irradiation with 
doses of 18 and 24 rad, some mutant seedlings exhibited 
different morphological characters from that of wild type 
(< 1.0%). The altered phenotype of the seedlings likely due 
to the effect of mutation.  

X-ray irradiation on S. plicata seed produces various 
phenotypes on leaves (color and shape), roots, stems, and 
early flowering. This results support the work of Romeida 
et al. (2013) that also found albino mutant, purple stem, 
yellow leaf, and flower color mutants of S. plicata after pod 

plant irradiation using gamma ray. Mutants from 18-and 
24-rad irradiated plants showed some abnormal leaf 
pigmentation, which termed as xantha, arboviridis, and 
viridis mutants. According to Mueller (2012), chlorophyll 
mutant might caused by deficiency of chlorophyll-a or 
chlorophyll-b, or low production of pigment. However, the 
pigment mutations were not permanent. In subsequent 
stage of the growth of seedling, new emerged leaves 
showed normal leaf color. 

In shoot mutant, the shoot grew very slow, puffy, and 
formed multi-shoots. This phenomenon allegedly caused 
by the abnormal activity of some genes that involved in the 
development of shoot apical meristem, and in turn it 
affected the process of morphogenesis. Semiarti (2014) 
stated that overexpression of KNAT1 gene (class1-Knox 
gene) on AS2 mutant generated adventive shoot 
development in leaf explant of orchid similar to the 
abnormal expression (misexpression) of KNAT1 gene that 
initiated the formation of adventive multi-shoots in 
Arabidopsis. Multi-shoots as a consequence of X-ray 
irradiation on S. plicata seedlings might also caused by 
over expression of KNAT1 heterologous gene in orchid.  

X-ray irradiated seeds have also produced seedlings 
with much number of adventive roots, stunted roots, 
swollen roots and horizontal roots with the tip tend 
upwards (Table 3 and Figure 3). It is similar to the mutant 
phenotype of Arabidopsis as described by Howell (1998), 
termed as various forms of mutant roots. Root of mutants 
that fail to grow toward the bottom known as a agravitropic 
mutant. Other root mutants produced short root, the 
cortical-loosed roots, enlarged root (Howell 1998) and 
extensive adventitious root (Aynehband and Afsharinafar 
2012). Scale-like leaf mutants that produced very dense 
leaves might also due to the disruption of shoot meristem 
activity. Leyser and Day (2003) stated that gamma 
irradiation caused cell division failure and initiated leaf 
primordial that occurred only through cell elongation. 
Without cell division, leaf development grew abnormal and 
that way it produced a stunted leaf and stunted stem. Since 
the mutant frequency observed in these research were very 
low (less than 1%) we suggest that those mutants were 
caused by X-ray irradiation and had not categorized as 
neither epigenetic nor somaclonal variation. Mueller (van 
Harten 1998) mentioned that epigenetic change is marked 
by very high occurrence frequencies. 

 

 
 
Figure 2. Growth achievement of the ten months old seedlings at 
various doses of irradiation (0-24 rad) 
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Irradiation 

Dose W0 W2 W4 W6 W8 W12 
0 rad 

   
 Seed  

 
   Protocorm  Early seedling 

24 rad 

  
 Seed     Stressed 

protocorm 
 

Figure 1. The growth and development of S. plicata embryo derived from non-irradiated seed and irradiated seed. w = week after seeds 
plantation. Bars: 1 mm  
 
 
 
 
 

  
WT WT-L Leaf mutant 1 Leaf mutant 2 Pigmen mutant Root mutant 

 

Early flower mutant Scale leaf mutant Multiple shoot Adventitious meristem 
 
Figure 3. Morphology of wild type seedling and some mutants resulting from the irradiated seed at the doses of 18-24 rad, at 10-15 
months old after seed plantation. WT-L = wild type-like. Bars: 2 cm 
 
 
 
 
Table 2. The seed germination and size of embryo at 6 weeks after seed plantation at the dose of irradiation 0-24 rad 
 
Dose 
(rad) Germination (%) (ns) Survival of embryo (%)* Length (mm) of embryo* Width (mm) of embryo* 

0 94.56 ± 1.99 85.10±1.50 a 1.362± 0.36 a 0.577± 0.10 a 
6 95.18 ± 1.81 70.70± 2.78 b 0.664± 0.03 b 0.487± 0.03 b 
12 93.78 ± 2.32 72.19±5.23 b 0.645 ± 0.02 b 0.508 ± 0.01 b 
18 93.02± 1.61 62.23± 9.82 c 0.616 ± 0.04 b 0.489± 0.01 b 
24 93.93± 2.25 40.37± 15.44d 0,58 ± 0,01 b 0,493± 0,01 b 
Note: No. of samples: 0 rad = 8, 6 rad = 8, 12 rad = 9, 18 rad = 8, 24 rad = 7. ns = non significant. * = significantly different by one way 
analysis of variance, with degree of confidence 95 %, Means in each column followed by the same letters are not significantly different 
by DMRT analysis  
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Table 3. Phenotype and percentage of S. plicata seedlings from X-ray irradiated seed at the dose of 0-24 rad  
 

Organ Phenotype Σ total seedlings/ mutation observed (%) 
0 (WT) 6 rad 12 rad 18 rad 24 rad 

leaf, root and 
stem 

Normal 
 

6187 
 (100) 

1334 
 (100) 

2722 
 (99.92) 

917 
 (95.92) 

2380 
 (98.22) 

Leaf  Thick, sleek, leaf does not open 0 0 0 0 3
(0.12)

Ellipse, rosset-like 0 0 0 8 
 (0.8) 

1
(0.04)

Scale leaf 0 0 0 0 3
(0.12)

 Root  Adventive root, oriented upwards 0 0 0 3 
 (0.31) 

2
(0.08)

Puffy or swollen root 0 0 0 3 
 (0.31) 

3
(0.12)

Shoot  Multiple shoots 0 0 0 3 
 (0.31) 

6
(0.24)

Puffy or multiple branch with scale leaf 0 0 0 0 6
(0.24)

Leaf color Xantha/chlorina  (yellow greenish) 0 0 2
(0.07)

17 
 (1.78) 

11
(0.4)

Arboviridis (the leaf with green tip and 
yellow base) 

0 0 0 3 
 (0.31) 

2
(0.08)

Viridis (glossy dark green leaves ) 0 0 0 2 
 (0.21) 

4
(0.16)

Flower Early flowering in vitro 0 0 0 0 2
(0.08)

Total of embryo survive 6187 1334 2724 956 2423 
 

 
 
 

Naturally, the flowering time of S. plicata are about 30 
month. However, we found 2 mutants that start to have 
flower in the age of 14-15 months in vitro as an impact of 
X-ray irradiation (Table 3). The frequency of these mutants 
was very low (<0.1%). Early flowering might be caused by 
some flowering time genes mutation which concerns 
vegetative growth control, i.e. Embryonic Flower1 (EMF1) 
or Flowering Time (FT). EMF1 is one of flowering identity 
genes which is involved in the regulation of flowering 
transition (Puterill at al. 2011; Kim et al. 2010), that roles 
in the delay of flowering transition period. EMF1 gene and 
Terminal Flower 1 (TFL1) gene reciprocally control the 
expression of APETALA (AP1) and LEAFY (LFY) 
flowering genes. In emf1 mutant, the promotor of AP1 
gene will be activated prematurely on shoot meristem and 
triggers the occurrence of early flowering (Chen et. al. 
1997; Kim et al. 2010). Stress condition as a consequence 
of seed irradiation may affected embryo development that 
triggered early flowering. In this work, the highest doses of 
X-ray irradiation that can be used for orchid was less than 
24 rad, because almost all of protocorms death just after 
seed plantation after 24 rad x-ray irradiation of the seeds. It 
can be proposed, that X-ray irradiation at dose 12-18 rad can 
be used to improve the genetic variability in S. plicata orchid.  

Molecular analysis using PCR-RAPD 
The total genome DNA of some wild type and mutant 

seedlings (Figure 4) were analyzed to detect the genetic 
variabilities among the mutants and non-irradiated plants 
using PCR-RAPD analysis. Amplified DNA using RAPD 
primers were separated in 1.5 % agarose gel electrophoresis 
and visualized under uv light resulting in random amplified 

polymorphic DNA pattern of each mutant analyzed.  
The pattern of DNA band of wild type seedling group 

(Figure 5) is very homogeneous (monomorphism). By 
using 9 random primers the result showed that we found up 
to 15 band patterns which is reach 90.9-100% of 
polymorphism (Table 4). The percentage of DNA 
polymorphism from mutant seedling group (81.65%) was 
higher than the wild type seedling group (8.25)%. This 
shows that a change occurs in the seedling DNA of the 
mutant group. The genetic distance between the mutant 
seedlings and the non-irradiated seedlings are quite far 
away (Table 5). Furthermore, the PCA of them showed 
exact separation between the mutants and non-irradiated 
plants (Figure 6). Those results indicated that the changes 
of DNA were caused by X-ray irradiation. 

Induction of mutation in plants using irradiation was 
also successfully conducted on rose flower by Chakrabarty 
and Datta (2010) using gamma ray. Mutants were also 
produced through irradiation on Gypsophila paniculata 
(Barakat and El-Sammak 2011) and Moluccella laevis 
(Minisi et. al. 2013). In general, X-ray irradiation causes 
one or some deletion of nucleotides in DNA fragments. X-
ray very rarely causes chromosome aberration, except in 
special cases, such as irradiation on anther of Tradescantia. 
X-ray brings out ring deletion of 0.5-3.0%. Murata et.al. 
(2008) was succeeded in finding mutation of one 
nucleotide and insertion of some nucleotide on a group of 
Angelica acutiloba herbal plants using RAPD approaches. 
X-ray irradiation with doses of 12 to 18 rad on S. plicata 
seeds were able to induce morphological alteration of 
orchid seedlings, as well as genetic variations among 
orchid mutant’s seedlings.  
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WT1 WT3 WT4 WT5 

 

 
T1 T2 T3 T4 T5 T6 

 

 
T7 T8 T9 T10 T11 T12 

 
Figure 4. Wild type and mutant of S. plicata seedlings which is used for genetic variability analysis. Note: WT = wild type (K); T = Mt 
(mutant). All of the bar line = 2 cm. T1-T2 = premature flowering mutant. T3 = adventives root mutant, T4 = white spot leaf mutant, T5 
= yellow leaf mutant, T6 = wild type-like seedling, T7 = arboviridis, T8 = bloated shoot mutant, T9 = thick leaf, slippery, leaf does not 
open, T10 = yellowish leaf mutant, T11 = yellow leaf, T12 = yellowish leaf, necrotic, upward stem 
 
 
 
Table 4. Random Amplified Polymorphic DNA patterns in X-ray irradiated mutant genomes of S. plicata orchids using nine primers  
 

Primer Sequences No. of DNA 
bands 

No. of polymorphic 
DNA bands 

No. of monomorphic 
DNA bands 

Polymorphism 
(%) 

OPA-01 CAGGCCCCTTC 11 10 1 90.9 
OPA-02 TGCCGAGCTG 14 14 0 100 
OPA-11 CAATCGCCGT 13 12 1 92.3 
OPA-12 TCGGCGATAG 13 13 0 100 
OPA-14 TCTGTGCTGG 10 10 0 100 
OPB-1 GTTTCGCTCC 12 12 0 100 
OPB-4 GGACTGGAGT 7 7 0 100 
OPD-12 CACCGTATCC 15 14 1 93.3 
OPD-14 CTTCCCCAAG 14 14 0 100 
Note: Based on the GenAlex analysis, DNA polymorphism of mutant group reached 81.65% while the WT only 8.25% 
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Table 5. The genetic distance of wild type (WT) and X-ray irradiated mutants of S. plicata orchids mutant (T) seedlings 
 
 WT1 WT3 WT4 WT5 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 
WT1 0 
WT3 6 0 
WT4 6 6 0 
WT5 3 5 3 0 
T1 57 61 59 58 0 
T2 58 60 58 61 17 0 
T3 54 54 52 55 29 20 0 
T4 56 56 54 57 35 28 14 0 
T5 49 49 47 50 42 35 21 23 0 
T6 48 48 48 49 39 30 18 18 15 0 
T7 55 55 53 54 46 39 31 37 26 29 0 
T8 43 43 45 44 44 37 23 25 18 15 34 0 
T9 59 61 57 60 28 21 33 37 46 41 50 40 0 
T10 44 44 46 45 45 38 26 24 27 18 33 15 37 0 
T11 53 53 53 52 46 41 35 33 28 27 30 24 42 15 0 
T12 43 45 41 44 56 47 37 39 28 27 38 24 46 19 28 0 
 
 
  

 

 
 

 
 
Figure 5. Random Amplified Polymorphic DNA patterns of wild 
type and mutant S. plicata orchid plants using primer OPA-1 and 
OPA11. WT = Wild type; T1-T12 = mutant lines no. 1 up to no 
12; M = DNA marker. 
 
 

 
 
Figure 6. Principal coordinates of molecular characters of wild 
type and mutant seedlings. 

Based on the description above, it can be concluded that 
X-ray irradiation at the doses of 12-18 rad on seeds was 
able to induce mutations in S. plicata orchid seedlings, 
which showed morphological variation among some 
mutant seedlings, that indicated various mutations, i.e. the 
mutation of leaf shape, root, shoot, chlorophyll, and in vitro 
flowering. Molecular analyses of mutant seedlings showed 
there were genetic distances among the mutant seedling 
groups which increasingly going further away from the 
wild type seedling group. X-ray irradiation on S. plicata 
orchid seeds can be used to improve genetic variabilities in 
orchids, the increase of polymorphism percentage and the 
genetic distance of the mutant plants.  
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Abstract. Nurilmala F, Hutagaol RP, Widhyastini IM, Widyastuti U, Suharsono.2017. Somaclonal variation induction of Bogor taro 
(Colocasia esculenta) by gamma irradiation. Biodiversitas 18: 28-33. Taro (Colocasia esculenta (L.) Schott) is a staple food that all 
parts of the plants can be consumed from the leaves, stems and corms. In the framework of breeding, diversity of characters has needed 
and somaclonal variation induction is the one of the utilized technological option. This research aims to develop somaclonal variation of 
Bogor taro to expand the diversity of character that leads to a new genotype which will then be multiplicated in order to meet the needs 
of superior seeds. Induction made to the apical shoots culture of Bogor taro with gamma ray irradiation doses of 0, 5, 10, 15, and 20 Gy. 
Evaluation of the mutants were conducted with AFLP markers and quantitative similarity analysis using UPGMA method. The results 
show that the gamma ray give influence on the number of leaves and the highest at doses of 10 Gy, not so on the new shoots and dose 20 
Gy is a lethal dose. AFLP analysis of the 13 samples taro Bogor generate 235 fragments in the size of 50-255 bp and produces a 
dendogram with similarity coefficients 0.49 to 0.81 that the induction of somaclonal variation produces a diversity of up to 51% 
compared to the parent. 

Keywords: AFLP analysis, Colocasia esculenta, gamma ray irradiation, somaclonal variations, taro  

INTRODUCTION 

Taro (Colocasia esculenta (L.) Schott) is a monocot 
which is included in the Araceae Family, and one of the 
staple foods as a source of carbohydrate. First domesticated 
in Southeast Asia afterwards spread to the worldwide and 
now is one of the important crops in Asia-Pacific, Africa, 
and Caribbean (Rao et al. 2010). Taro’s biological 
resources with its variegated types in Indonesia have not 
been optimally used in food diversification program as a 
choice carbohydrate sources. This commodity potential has 
yet to be supported with decent data compared to other root 
crops such as cassava, yam, and potato. On the contrary of 
its potential and usages, based on the data of Bogor District 
Department of Agriculture, the productivity of taro in 
Bogor District is still low and the production has decreased 
in the last 5 years. This matter is due to the unoptimized 
breeding program thus not fulfilling the high quality and 
variant seeds provision. Therefore, a superior seed 
development is required through the breeding program.  

In the context of breeding program, either through 
selection or the assembly of superior varieties, a diversity 
of character is needed. One of the technologies that could 
be utilized to improve the genetic diversity of crops is 
through in vitro culture technology. The genetic diversity 
resulted from in vitro culture is known as diversity 
(variation) somaclonal (Hutami et al. 2006).  

 

On the in vitro multiplication, what happened is a 
somatic mutation. A mutated cell when undergoing a cell 
division process will form a group of cell different from the 
origin cell. Crops resulted from mutated cells might form 
clones that differs from the parent (Mattjik 2005). 

Induced mutation through in vitro multiplication 
technique on several crops were proved efficient and could 
evoke somaclonal variation (Yunita 2009; Hutami et al. 
2006; Soedjono 2003). Somaclonal variation can be caused 
by genetic diversity that existed in the explant. With the 
diversity induced through in vitro culture, the opportunity 
of obtaining a new superior genotype is wide open. On 
Bogor Taro crop, research concerning genetic diversity 
through the induction of somaclonal variation to obtain a 
crop with new genotype is yet to be available up until now. 

Gamma ray irradiation can be utilized to induct 
mutation thus resulting genetic diversity which afterwards 
can be selected to obtain the desired mutant (Poerba et al. 
2009). A factor that affects the formation of a mutant is the 
amount of irradiation dosage. Irradiation dosage is 
measured in Gray units (Gy), 1 Gy is equivalent with 0,10 
Krad which is 1 J energy per kilogram irradiation produced 
(Soedjono 2003). 

The purpose of this research is improving Bogor taro 
through the induction of somaclonal variation to expand 
character diversity which leads to a new genotype that will 
be mass-produced to fulfill the need for superior Bogor taro 
seeds later on. 
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MATERIALS AND METHODS 

Research was conducted at Tissue Culture Laboratory 
and Greenhouse of the Universitas Nusa Bangsa (UNB), 
Bogor, West Java, Indonesia and Molecular Laboratory of 
Research Center for Bioresources and Biotechnology 
(RCBIO), Institut Pertanian Bogor, West Java, Indonesia 
from January to October 2013. Plant materials were 
obtained from a farmer in Ciapus, Bogor, whereas 
irradiations were done at National Nuclear Energy Agency 
of Indonesia (BATAN) Pasar Jumat, Jakarta, Indonesia. 

Bogor taro explant that was used in the research is 
obtained from 7-8 months old Bogor taro crops. Surface 
sterilization was done to the tip of the shoot which was 
obtained by cutting and peeling midrib to the deepest part 
along with the surrounding roots about 3 cm width. After 
that the explant was washed with soap and placed under 
flowing water for 1 hour. Then surface sterilization was 
done with 10% chlorox and 2 drops of Tween 20 for 45 
minutes and put inside laminar airflow cabinet. It was then 
washed with sterile distilled water twice and the midrib 
was then peeled until an approximately 3 mm apical bud is 
seen, afterwards dipped in 70% ethanol for 30 seconds, 
washed with sterile distilled water, then soaked in 5% 
chlorox for 5 minutes, washed with sterile distilled water 
for three times and later on planted. 

The base medium used was MS (Murashige and Skoog 
1962) with 30 g L-1 sucrose, 1 mg L-1 BAP growth 
regulator condensed with 8 g L-1 gelatin with pH of 5.7. 
The medium was sterilized in an autoclave for 20 minutes 
with a temperature of 121oC and a pressure of 15 psi. 

Gamma irradiation treatment were administered at a 
dose of 0, 5, 10, 15, and 20 Gy using Gamma Chamber 
4000A irradiator (60Co). Each treatment was repeated three 
times. After the irradiation, the culture was immediately 
moved to a new medium. To multiply buds, the explant 
was sub-cultured into the MS medium which has been 
added with 4 mg L-1 of BAP and 1 mg L-1 of IAA. 
Afterwards sub-cultures were done every 5 weeks, and 
explant growth was observed each week with leaf and bud 
numbers as the parameter. All cultures were incubated 
inside a room with a temperature of 25 oC and illumination 
from a 40 Watt fluorescent lights for 12 hours. Mutant 
selections were carried out to explants that showed 
alterations or differences from the parent plant. Explant 
growth data were analyzed using ANOVA and if there are 
differences a multiple Duncan range test is to be carried 
out. Somaclonal variations were detected on DNA level 
using Amplified Fragment Length Polymorphism (AFLP) 
marker. The DNA of the chosen mutant was then isolated 
from the leaf for AFLP marker analyzed.  

AFLP analysis using Vos et al. (1995) which has been 
modified on primary labeling. AFLP analysis consists of 
cutting the genome of DNA and ligation with adaptor, pre-
amplification, selective amplification, amplification result 
visualization and data analysis. The genome of the DNA 
was cut with PstI and MseI enzyme. Ligation process were 
carried out using PstI adaptor (CTGCAG) and MseI 
(TTAA). Said restriction reaction and ligation resulted in 
diluted RL. Pre-amplification was carried with mixing RL 

result with primary P00 (PstI) and primary M02 (MseI). 
Every said mixture were amplified using PCR PTC-100TM 

MJ Research tool. Selective amplification was carried out 
using two primary combination, which was P00+AA (P11) 
as the forward primary and M02+AC (M48) and M02+AG 
(M49) as the reverse primary. P11 primary was labeled 
IRD 700 as Ultra Violet marker. Electrophoresis was then 
done for approx. 3 hours with a power of 40 watt and a 
voltage of 1500 volt. Electrophoresis result was then 
immediately visualized through computer monitor that is 
connected to the LI-COR 4300 DNA Analyzer machine. 
Data analysis from AFLP result was carried out using 
Numerical Taxonomy and Multivariate Analysis System 
(NTSYS) ver.2.02 program. Fragments resulted from the 
AFLP analysis that appear as DNA fragments were 
translated into binary data based on the existence of the 
shared fragments within the analyzed individual. Said 
binary data is then used to compile genetic similarity 
matrix and dendogram similarity using Unweighted Pair 
Group Method Arithmetic (UPGMA) method and simple 
matching coefficient, the clustering using Sequential 
Agglomerative Hierarchal Nested Cluster Analysis 
(SAHN) from SIMQUAL NTSY ver. 2.02 program.  

RESULTS AND DISCUSSION 

During the First week after irradiation, all cultures 
appear to be in a healthy condition. All shoots appear green 
and leaves were seen on several cultures. During the second 
week, cultures with 15 Gy and 20 Gy treatments underwent 
browning process (Figure 1.A; Figure 1.C). Whilst cultures 
with 0, 5, and 10 Gy treatments were showing healthy signs 
of growth (Figure 1.B), one culture with a 10 Gy treatment 
even appeared to have its root growing (Figure 1.C) and 
culture with a 20 Gy treatment haven’t survived. Through 
the 20th week, observational data showed that gamma ray 
irradiation are giving significant effects on the parameter 
number of leaves but not on the bud numbers (Table 1; 
Figure 1.D). 

Observations on numbers of leaf growth showed that 
during the 5th through 10th week most cultures with 5 Gy 
treatments have the highest number of leaves, whereas 
during the 15th week through 20th week cultures that have 
the highest number of leaves are cultures with 10 Gy 
treatments (Table 1). Based on the observations, it can be 
concluded that the dose of 10 Gy is an effective mutation 
dose on numbers of leaf growth (Figure 2). Irradiation 
Treatments at 15 Gy and 20 Gy appear to have given strong 
browning effect to Bogor Taro explants. Several culture 
samples with the dose of 15 Gy could not grow well, 
several died even after undergoing several times of 
subculture. Almost all cultures with 20 Gy treatment 
underwent browning process and all samples eventually 
died on the third week. Therefore it seems that the dose of 
20 Gy is a lethal dose. These results are parallel with a 
research done by Seetohul et al. (2008) on Colocasia 
esculenta var esculenta that showed 20 Gy is a lethal dose 
and effective mutation at 7.65 Gy. Whilst Puchooa (2005) 
reported that on callus culture and seeds of Anthurium 
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andreanum which originated from the leaf explant itself, 
the most effective radiation dose is at 5 Gy and lethal dose 
at 15 Gy. Different result was also reported by Aisyah et al. 
(2009) on carnation shoot that had been treated with 
gamma ray irradiation at a dose of 0-90 Gy did not give any 
effect on leaf number and a lethal dose of over 75 Gy. This 
shows that mutation dosage effectiveness are dependent on 
genotype, explant type, and explant’s orientation inside a 
medium of the parent source. 

Growth observations are also showing appearance of 
root growth. Cultures with 10 Gy treatments show the 
quickest root growth, which was on the second week after 
irradiation, parallel with the highest number of leaves at 
that dose. Whilst treatments on 0, 5 and 15 Gy average root 
growth occurred during sixth and seventh week after 
irradiation. These results seem to be related with several 
physiology reciprocal relationship processes in roots and 
leaves that affect absorption of mineral salts and water by root. 

 
 
 

 
 

Figure 1. Bogor taro apical bud cultures irradiated with gamma ray dose of 0-20 Gy growth: (A) browning condition; (B) healthy 
condition; (C) cultured have its root growing; (D) cultures during 5th week; (D) cultures during 20th week 
 

 
  

 
 
Figure 3. Phenotype changes of Bogor taro apical bud culture irradiated with gamma ray dose of 10 Gy (B) and 15 Gy (C) compared 
with no irradiation (A). 
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Table 1. The Average of leaves number and shoot number of Bogor taro culture on 5th to 20th week after gamma irradiation treatment 
 
Irradiation 
dose (Gy) 

Leaves number  Shoot number 
M5 M10 M15 M20  M5 M10 M15 M20 

0 3b 6a 11.67ab 18ab  0 2.67 3 3 
5 4a 9.33a 11.33ab 17.67ab  0.67 1.67 3.33 3.67 
10 3.33b 4.67ab 18.33a 24a  0.33 1.33 4.33 4.33 
15 1.67b 3b 5.67ab 12.33ab  0 1 2.33 2.33 
20 0b 0b 0b 0b  0 0 0 0 
Note: Number followed by the same letter are not significantly different according to Duncan's multiple range test at 5% level. M5 = 5th 
week; M10 = 10th week; M15 = 15th week; M20 = 20th week 
 
 
 

 
Figure 2. Effective mutation dose on the average number of 
leaves after irradiation for 20 weeks 
 

 
Gamma ray irradiation showed changes in phenotype on 

Bogor taro cultures at a dose of 10 Gy and 15 Gy in 
comparison to the non-irradiated ones (0 Gy). At a dose of 
10 Gy there were 1 mutant with 2 suckers and 1 mutant at a 
dose of 15 Gy with curled leaves and midrib (Figure 3). Whilst 
Malamug et al. (1994) reported that gamma irradiation of 
shoot tips in vitro showed considerable variability within 
the first vegetative generation (V1) including increased 
number of lateral shoots, flowering behavior, increase and 
decrease in plant height, presence and absence of corms. 
Gamma rays are ionizing rays that react with atoms and 
molecules present inside the cells to produce free radicals 
that causes damage or modification of components in 
plants, effecting morphology, physiology, anatomy, and 
biochemistry of plants (Jan et al. 2012; Ali et al. 2016). 

AFLP analysis were carried out to chosen mutant DNA 
that had been isolated using two primary selective 
combination (P11-700/M48 and P11-700/M49) and 
resulting in DNA fragment between <50 and >700 bp. 
Analysis were only carried to fragment of 50-255 bp 
(Figure 4) due to fragments below 50 bp being very tight 
and dense causing difficulty differentiating one fragment 
and another, whereas fragments above 255 bp can be 
vaguely seen. Total fragments resulted from utilizing two 
primary combination towards 13 Bogor taro samples were 
235 fragments. DNA fragments that formed from the result 
of amplification are considered to be a character that 
represents one locus. All DNA fragments with the same 
migration rate are assumed as homolog locus. If one 
fragment is considered as one character, then a big amount 
of character could be analyzed through AFLP technique 
(Vos et al. 1995).  

 
 
Figure 4. AFLP Analysis using two primary selective 
combination on parent (1,2,3) and gamma ray irradiation 
treatment 0 Gy (4,5,6) ; 5 Gy (7,8,9) ; 10 Gy (10,11,12) ; and 15 
Gy (13,14,15). M = marker 50-255 bp 

 
 
Analysis using quantitative similarity with simple 

matrix coefficient and clustering using Sequential 
Agglomerative Hierarchical Nested Analysis (SAHN) with 
UPGMA method resulting in dendogram with a similarity 
coefficient of 0.49-0.81 (Figure 5). At a similarity 
coefficient of 0.57 two clusters were formed, which was 
cluster I consisting of 11 samples including parent samples 
and cluster II consisting of 2 samples. Cluster I was divided 
into two sub-cluster at a similarity coefficient of 0.682, 
which was sub-cluster A consisting of 4 samples that have 
been irradiated with 0 Gy (B013), 5 Gy (B542 and B521),   

M      P11-700/M48             P11-700/M49     M   
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Figure 5. Dendogram of 13 samples of Bogor taro based on 235 locus of AFLP data 
 
 
 
 
and 15 Gy (B1542a) gamma ray; and sub-cluster B 
consisting of parent samples and 6 samples that have been 
irradiated with 0 Gy (B012 and B021), 5 Gy (B511), 10 Gy 
(B1022 and B1023), and 15 Gy (B1542) gamma ray. 
Whereas sub-cluster II was only consisted of 2 samples that 
have been irradiated with 10 Gy (B1041) and 15 Gy 
(B1511) gamma ray.  

The dendogram also shows that gamma ray irradiation 
could result in random changes for every given dose and 
the higher the dose is given, the higher the genetic change 
(diversity) happened to the Bogor taro apical bud culture 
sample. According to the dendogram on this research, it is 
seen that induction of somaclonal variation of Bogor taro 
with gamma ray irradiation yields diversity up to 51% in 
comparison to the parents. The result is differ from 
Malamug et al. (1994) that observed 12% rate variation of 
taro with gamma irradiated evaluated in morphological 
level. Whilst Polanco and Ruiz (2002) evaluated the 
somaclonal variation in A. thaliana regenerated from in 
vitro callus with AFLP analysis showed up to 66.7% 
variability. AFLP analysis is also used to analyze the 
geographical differentiation, phylogenetic relationships and 
distinguish Indian taro cultivars by their unique and 
different banding patterns (Sharma et al. 2008). 

Phenotype changes which can be already seen upon 
micropropagation is on sample B1041 which is the forming 
of 2 sucker (Figure 3) and said sample is at sub-cluster II 
which had been separated from its parent in sub-cluster I, 
whereas on sample B1542 which showed curled leaves and 
midrib phenotype (Figure 3) while being in sub-cluster I 
together with its parent plant, yet it separated on sub-cluster 
B. 
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Abstract. Jasmi. 2017. Diversity and blooming season of food sources plant of Apis cerana (Hymenoptera: Apidae) in polyculture
plantation in West Sumatra, Indonesia. Biodiversitas 18: 34-40. The existence of honeybees in a habitat was highly affected by the
presence of food source plant. Therefore, the research was conducted to examine the diversity and the blooming season of food source
plant of Apis cerana Fabr. in polyculture plantation in West Sumatra from March 2011 to March 2012. Samples were collected with a
plot method of 100 m x 100 m on altitudes of <100 m and >1.000 m asl. The results showed that 94 species (34 families) of food source
plants for A. cerana were found. The most found species were Asteraceae (12 species) and Leguminoceae family (10 species). On the
plateau, food source plants were 21 species, while on lowland there were 18 species and on both altitudes, there were 55 species
(similarity index 75.34%). The number of cultivated plants was 46 species and the number of wild plants was 48 species. The cultivated
plants in lowland were 34 species and 33 species in the plateau (similarity index 59.70%). Plants that bloom all year round were 59
species, plants that bloom depending on growing season were 15 species and annual plants that bloom annually were 20 species. The
largest number of flowering plants was found in August with 88 species out of 94 species found.

Keywords: Apis cerana, blooming season, diversity, food source plant, polyculture plantation

INTRODUCTION

Honeybees (Apis cerana Fabr.) are widespread in
Indonesia. The existence of these bees has been reported in
Sumatra, Java, Bali, Kalimantan, Sulawesi, and Irian Jaya
(Radloff et al. 2010). In West Sumatra, the average
colonies population density on polyculture lowland
planting area reached 4.8 colonies per hectare and 4.2
colonies per hectare on the plateau (Jasmi et al. 2014a).
The bees have been used as pollinators on coffee
plantations (Vergara and Badano 2008; Saepudin et al.
2011), even reproduction of queen bee has been done with
grafting techniques (Kuntadi 2013).

Polyculture cropping is a unique ecosystem with a high
value of economic, biodiversity and conservation. On the
plantation, there are various species of crops and wild
plants. The extent of polyculture cultivation in West
Sumatra is in the third rank (5.93%) of the total land area
according to the type of land use. Various of plants found
in the area are industrial plants, forestry, and fruit plants
(BPS 2011). Plantation plays an important role as habitat
for various species of bees in Sweden, Poland, United
Kingdom, Germany and Francis (Westphal et al. 2008) and
as the provider of nesting cavity sites for A. cerana in West
Sumatra (Jasmi et al. 2014b) and other various species of
bees lodged in a cavity in the Annapolis valley, Nova
Scotia, Canada (Sheffield et al. 2008). Another important
role of the plantation is food resources provider for A.

cerana in Kepahiang Sub-district of Bengkulu (Saefudin et
al. 2011), for A. mellifera in Veracruz, Mexico (Vergara
and Badano 2008), in Zaria, Nigeria (Mbah and Amao
2010), in Ndokwa, Niger Delta, Nigeria (Emuh and Ofuoku
2012) and for wild bees in Ottawa, Allegan and Van Buren,
North America (Tuell et al. 2009).

From the aspect of mutuality, plantation plays an
important role as a provider of food resources, while honey
bees act as agents of pollinator. The plantation has a
relatively high diversity of plant species which can be used
as a source of pollen and nectar for honey bees. Each type
of honey bees use different number of species of food
source plants in different locations, such as A. mellifera
honeybee which uses 18 species in Zaria, Nigeria (Mbah
and Amao 2010), and 26 species in Iseyin and Ilesa of
Southeast Nigeria (Ayansola and Davies 2012), while A.
dorsata uses 194 species in Garhwal Himalaya India
(Tiwari et al. 2010), and stingless bee Melipona rufiventris
Lepeletier uses 57 species in Ubatuba, São Paulo State,
Brazil (Fidalgo and Kleinert 2010), but up to now, there are
no reliable data and information about the species and the
flowering period of plants in polyculture plantation which
are used as food source for A. cerana honeybees. This
study aims to determine the species and flowering period of
food source plants for A. cerana in polyculture planting
area in West Sumatra, Indonesia. The diversity of plant
species in polyculture plantation is important for
conservation and cultivation of A. cerana honey bees.
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MATERIALS AND METHODS

Area of study
The study was conducted in lowland and highland

polyculture planting areas in West Sumatra, Indonesia from
March 2011 to March 2012. The lowland (altitude: <100 m
above sea level) is located in Nagari Sungai Buluh, Sub-
district of Batang Anai and Parik Malintang, Sub-district of
Enam Lingkung, Padang Pariaman, West Sumatra,
Indonesia. The location has an average daily temperature of
29.7oC, relative air humidity of 85.9%, and average annual
rainfall of 368.4 mm with an average of rainy days as much
as 19 days per month (BPS 2011). Polyculture plantation
used as a research location (Figure 1.A-B) is dominated by
coconut trees (Cocos nucifera), cocoa (Theobroma cacao)
and fruit trees, such as durian (Durio zibethinus),
kedondong (Spondias pinnata), and rambutan (Nephelium
lappaceum).

The highland (altitude: > 1000 m above sea level) is
located in Nagari Andaleh, Batipuh Subdistrict, Tanah
Datar, West Sumatra. The location has an average daily
temperature of about 26 C and monthly rainfall of 549.00
mm per month (BPS 2011). Polyculture plantation used as
a research location (Figure 1c-d) is dominated by coffee
(Coffea canephora), cinnamon (Cinnamomum burmanii)
and dadap (Erythria variegata), while on the edges, various
species of trees are planted. Wild plants commonly found
in the planting area are lakek kanji (Bidens pilosa) and
Tansi grass (Galinsoga parviflora).

Method
The research was conducted by survey method namely

by observing the species of flowering plants visited by A.
cerana worker bees in polyculture plantation area.
Observations were carried out visually, and a binocular was
used to observe the relatively high plants. Bees have taken
pollen were identified by the visibility of collected pollen
on its corbicula, at the time of taking nectar, bees stuck its
proboscis on the basis of the flower. To determine the
observation area, the model from Steffan-Dewenter and
Kuhn (2003) is modified and used. The observation was
carried out on a sample plot measuring 100 m x 100 m. The
number of sample plots used at each height was five
sample plots.

The blooming period was set when plants were
flowering at the time of observation. Plant species found in
flowering condition were recorded and the numbers of
visiting of worker bees were counted. Observations were
made only once a month from 7: 00 to 10: 00 am and at 02:
00 to 05: 00 pm at each point of observation. On the visited
plants, some of its parts, such as branches, leaves, flowers
and fruits, were collected and stored in a plastic bag and
labeled. In order to make herbarium, the plant was pressed
with suppressant board (45 cm x 30 cm) and newspaper
paper measuring 44 cm x 28 cm (Womersley 1981). The
identification of plant referred to Backer and Bakhuizen
van den Brink (1964-1968) and Lawrence (1951) and was
carried out at the Laboratory of Plant Taxonomy,

Figure 1. Research location in polyculture plantation in West Sumatra. A-B. Lowlands polyculture plantation. A. Polyculture plantation
area of coconut, durian, and kedondong, B. Polyculture plantation area of areca nut, cocoa, and coconut. C-D. Highlands polyculture
plantation, C. Coffee plantation area intercropped with various tree species, D. Coffee plantation area intercropped with cinnamon

A B

C D
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Department of Biology, Faculty of Agriculture, Universitas
Andalas, Padang, West Java, Indonesia.

Food source plant species are grouped on the basis of
the blooming time, namely all year round flowering plants
(BST, flowers appear all the time in a year), season
flowering plants (TBM, flowers appear only at a certain
time/season in a year), and annual plants (TMT, flowers
appear only one time of planting). The flowering period is
associated with the emerging time of flower until the end of
its emerging on a certain plant species and is expressed in
units of months. The visit frequency of A. cerana worker
bee on any flowering plants during the observations are
grouped into three categories (Ayansola and Davies 2012),
namely: (1) frequent category (+++), i.e. if the worker bees
are found to visit the same flower for more than nine times,
(2) moderate category (++), i.e. if the worker bees are
found to visit the same flower for 5-8 times, and (3) rare
category (+), i.e. if the worker bees are found to visit the
same flower for less than four times.

RESULTS AND DISCUSSION

Food source plants for A. cerana in polyculture
plantation area in West Sumatra consist of 94 species and
are included in 34 families. The family having the highest
number of species are Asteraceae (12 species) and
Leguminoceae (10 species). The number of plants is 21
species found in the highlands, and 18 species in the
lowlands, and 55 species in both heights (species total
similarity index 75.34%).

Food source plants for bees include 48 species of
cultivated plants and 46 species of wild plants. The number
of cultivated plants is 12 species in the highland, about 13
species in the lowlands, and 23 species on both heights
(similarity index 59.70%). The cultivated plants consist of
18 species of fruit plants, 11 species of vegetable plants, 9
species of plantation plants, 6 species of forestry plants and
2 species of food crops. Lowland crops are dominated by
fruit plants (18 species) and industry plants (6 species)
while highlands are dominated by forestry plants (5
species). The number of wild plants is 9 species in the
highlands, only 5 species in the lowlands, and 32 species
on both heights.

The visiting frequency of worker bees on plants is as
follows, six species are on frequent category, 41 species are
on moderate category, and 47 species are in the rare
category. Cultivation plants belonging to frequent category
consist of two species, namely Cocos nucifera and Areca
catechu. While on wild plants, it consists of four species,
namely Asystasia coromandeliana, Bidens pilosa,
Galinsoga parviflora, and Mimosa pudica. On highlands,
plants with the frequent category are two species, namely
B. pilosa and G. parviflora. There is species of C. nucifera
on lowlands, and, there are three species on both heights,
namely A. catechu, A. coromandeliana, and M. pudica.
Those six plant species can bloom all year round.

Food source plants blooming all year round are 64
species, and 14 species are the plants that bloom depending
on the season, and 28 species of annual plants. Most plants

blooms in August to December, namely 85-87 of 94 food
sources species. Cultivated plants mostly bloom in October
to December. There are 12 species of food resources
cultivated plants in the highlands and they can bloom in
December. 11 out of 13 cultivated plants species in lowland
blooms in December, while on both altitude, 22 species
blooms in October (Table 1).

The species of food resource plants that support the
existence of A. cerana colonies in polyculture plantation
area in West Sumatra is 94 species (34 families). The plant
species and a number of visits depend on the diversity and
flowering time of plants at a site. This can be seen from the
data that 94 plant species were visited by A. cerana in
polyculture plantation area in West Sumatra, 70 species
were visited by Apis mellifera in Isfahan, Iran (Amiri and
Shariff 2014) and 194 plant species were visited by A.
dorsata in Garhwal Himalaya, India (Tiwari 2010), and
from these locations, there are only 19 same species. This
suggests that differences in location can cause different
varieties of plants. This is made clear by Yonega and Gupta
(2012) that, nowadays, it has been recorded that about
1,200 Angiospermae plant species have been visited by
various types of Apis worker bees around the world.

The factor of the habit in choosing the crop type also
affects the diversity of plant species in polyculture planting
area. This study finds 48 species of cultivation plants,
while the number of plant species which are intensively
cultivated by society in various areas in West Sumatra are
51 species and belong to the group of food, vegetables,
fruit and industry crops. The crops are grown in various
location and altitude (BPS 2011). Various species of crops
have been exploited by A. cerana honeybee as a source of
nectar and pollen in Coorg Karnataka, India (Shubharani et
al. 2012).

Eight out of 11 vegetable crops as the food source of A.
cerana are found in the highlands. The vegetables are
planted as intercrops on the edge and the middle of the
garden. Locations having a direct border with the gardens
are also commonly planted by various kinds of vegetables.
Referring to Nicholls and Altieri (2012), in the field of
agricultural intensification, the edges of fields, road edges,
headlands, guardrail, and the gardens which are cultivated
around the farms play an important role in the protection of
pollinators insect. Maintenance and restoration of
hedgerows and the main vegetation play an important role
in the protection of pollinators.

The species of food sources plant of A. cerana are
dominated by the family of Asteraceae (12 species) and
Leguminoceae (10 species) and are distributed on both
altitudes. Referring to Lawrence (1951), the family of
Asteraceae and Leguminoceae has relatively high species
and are distributed on the lowlands to the highlands. Plant
habitus that belongs to the family of Asteraceae is terna,
small shrubs, and is rarely in the form of woody trees.
Habitus of Leguminoceae is Terna, bushes, shrubs, and
trees. Asteraceae has members of about 20,000 species
(950 genera), while Leguminoceae consists of 13,000
species (550 genera) which is distributed in various
countries.
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Table 1. Family and species, distribution and status, flowering time and the visit frequency of A. cerana worker bees on food resource
plants in polyculture planting area of West Sumatra, Indonesia

Family
Species

Distribution Status Flowering time Visit
frequency Reference

<500 >600 B Tl Season Period
Acanthaceae

1. Asystasia coromandeliana Bl. + + - + BST Jan-Dec +++ Es
Anacardiaceae
2. Mangifera indica L. + + + - TBM Jun-Dec ++ Ti
3. Mangifera sp.1 + + + - TBM Jun-Dec ++
4. Mangifera sp.2 + + + - TBM Jun-Dec ++
5. Mangifera sp.3 + - + - TBM Jun-Dec ++
6. Spondias pinnata Kurz. + - + - TBM Apr-May + Ti
Arecaceae
7. Areca catechu L. + + + - BST Jan-Dec +++
8. Arenga pinnata Merr. - + - + BST Jan-Dec ++
9. Caryota mitis Lour. - + - + BST Jan-Dec ++
10. Cocos nucifera L. + - + - BST Jan-Dec +++
Asteraceae
11. Ageratum conyzoides L. + + - + BST Jan-Dec + Ti
12. Ageratum hostonianum Mill. + + - + BST Jan-Dec +
13. Bidens pilosa L. - + - + BST Jan-Dec +++ Pe, Ti
14. Clibadium surinamens L. + + - + BST Jan-Dec ++
15. Eupatorium inulifolium L. + + - + BST Jan-Dec ++
16. Eupatorium odoratum L. + + - + BST Jan-Dec ++
17. Galinsoga parviflora Cav. - + - + BST Jan-Dec +++
18. Tithonia diversifolia Gray. - + - + BST Jan-Dec ++
19. Mikania micrantha Willd. + + - + BST Jan-Dec ++
20. Siplanthes iabadicensis A. H. Moore. + + - + BST Jan-Dec ++
21. Siplanthes paniculata Wall. Ex DC. + + - + BST Jan-Dec ++
22. Tridax procumbens L. + + - + BST Jan-Dec + Ti
Bombacaceae
23. Durio zibethinus Murr. + + + - TBM Jun-Dec ++
Brassicaceae
24. Brassica rapa L. - + + - TMT Jan-Dec ++ T, Ti
25. Brassica sp. - + + - TMT Jan-Dec ++
26. Rorippa indica (L) Hiern. + + + + BST Jan-Dec ++
Caesalpiniaceae
27. Erythria variegata L. - + + + TBM Nov-Dec +
Caricaceae
28. Carica papaya L. + + + - TMT Jan-Dec ++
Capparidaceae
29.Cleome rutidosperma DC. + - - + BST Jan-Dec +
30. Cleome viscose L. + + - + BST Jan-Dec +
Convolvulaceae
31. Calystegia sapium + - - + BST Jan-Dec +
32. Ipomoea triloba L. + - - + BST Jan-Dec +
Cucurbitaceae
33. Citrulus vulgaris L. + - + - TMT Jan-Dec +
34. Momordica charantia L. + + + - TMT Jan-Dec ++ Ti
35. Cucumis sativus L. + - + - TMT Jan-Dec ++ Ti
36. Sechium edule (Jacq.) Swartz. - + + - TMT Jan-Dec ++
Cyperaceae
37. Cyperus brevifolius Hassk. + + - + BST Jan-Dec +
38. Cyperus kylingia Endl. + + - + BST Jan-Dec ++
Euphorbiaceae

39. Aleurites moluccana (L.) Willd. + + + - TBM Sep-Oct ++
40. Hevea brasiliensis (Willd. ex A. Juss.)
M. A.

+ - + - TBM Jun-Dec +

41. Omalanthus pupulneus (Geisl) Pax. - + - + BST Jan-Dec ++
Graminae
42. Oryza sativa L. + + + - TMT Jan-Dec ++
43. Zea mays L. + + + - TMT Jan-Dec ++ Ti
44. Leersea hexandra Swartz. + + - + BST Jan-Dec +
45. Cynodon dactylon (L.) Pers. - + - + BST Jan-Dec +
46. Echinochloa colanum L. + + - + BST Jan-Dec +
Labiatae
47. Hyptis brevipes Poit. + + - + BST Jan-Dec +
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48. Hyptis capitata Auct. non Jacq. + + - + BST Jan-Dec +
49. Leucas lavandula Smith. + - - + BST Jan-Dec +
Lauraceae
50. Cinnamomum burmanii Nees ex Bl. + + + - TBM Oct-Feb ++
51. Persea Americana Mill. + + + - TBM Oct-Feb ++
Loranthaceae
52. Loranthus europaeus Jacq. + + - + BST Jan-Dec ++
Leguminoceae
53. Acacia auriculiformis A. Cunn. Ex Bth + - + - BST Jan-Dec ++ Ti
54. Crotalaria striata DC. + + - + BST Jan-Dec +
55. Leucaena glauca Auct. non Bth. + + - + BST Jan-Dec ++
56. Mimosa invisa Mart. ex Colla. + + - + BST Jan-Dec ++
57. Mimosa pigra L. + + - + BST Jan-Dec ++
58. Mimosa pudica L. + + - + BST Jan-Dec +++
59. Phaseolus sp.1 + + + - TMT Jan-Dec +
60. Phaseolus sp.2 - + + - TMT Jan-Dec +
61. Pithecellobium lobatum Bth. + - + - TBM Nov-Jan ++ Le
62. Perkia speciosa Hassk. + - + - TBM Sep-Dec ++
Lythraceae
63. Cupea sp. + + + - BST Jan-Dec ++
Malvaceae
64. Sida rhombifolia L. + + - + BST Jan-Dec + Ti
65. Urena lobate L. + + - + BST Jan-Dec + Ti
Melastomataceae
66. Melastoma polianthum Bl. + + - + BST Jan-Dec +
Meliaceae
67. Lansium domesticum Corr. + - + - TBM Dec-Feb +
68. Melia azedarach L. - + + - TBM Dec-Feb ++ Ti
69. Toona sureni (Bl.) Merr. - + + - TBM Oct-Jan ++ Ti
Musaceae
70. Musa paradisiaca L. + + + - TMT Jan-Dec + Ti
Myrtaceae
71. Syzygium aqueum (Burm. f.) Alst. + + + - TBM Jun-Dec +
72. Syzygium jambos (L.) Alst. + - + - TBM Jun-Nov +
73. Psidium guajava L. + + + - TMT Jan-Dec ++ Ti
Passifloraceae
74. Passiflora foetida L. + + - + BST Jan-Dec +
Rubiaceae
75. Coffea canephora Pierrre ex Froehner - + + - TBM Jul-Dec +
76. Coffea Arabica L. - + + - TBM Jun-Dec +
77. Borreria leavis (Lamk) Griseb. + + - + BST Jan-Dec +
Rutaceae
78. Citrus aurantifolia (Christm. & Panz.) + + + - TBM Jun-Oct + Ti
79. Citrus maxima (Burm. f.) + - + - TBM Sep-Dec +
80. Citrus sinensis (L.) Osbeck. + + + - TBM Oct-Dec + Ti
Sapindaceae
81. Nephelium lappaceum L. + + + - TBM Jul-Oct +
Solanaceae
82. Physalis angulata L. + + - + BST Jan-Dec +
83. Solanum turvum Swartz. + + - + BST Jan-Dec + Rj
84. Solanum melongena L. - + + - TMT Jan-Dec +
85. Capsicum annuum L. - + + - TMT Jan-Dec + Ti
Sterculiaceae
86. Pterosperma blumeanum Hochr. - + + - TBM Aug-Dec +
87. Theobroma cacao L. + + + - BST Jan-Dec +
Tiliaceae
88. Muntingia calabura L. + - - + BST Jan-Dec +
Umbelliferae
89. Eryngium foetidum L. - + - + BST Jan-Dec +
Urticaceae
90. Toxicodendron radicans (L.) Kuntze - + - + BST Jan-Dec +
Verbenaceae
91. Stachytarpheta indica (L.) Vahl. + + - + BST Jan-Dec +
92. Stachytarpheta jamaicensis (L.) Vahl. + + - + BST Jan-Dec +
93. Tectona grandis L. f. + - + - TBM Jun-Sep ++ Ti
94. Peronema canescens Jack. + + + - TBM Sep-Jan +
Total 76 70 48 46



JASMI – Food sources plant of Apis cerana 39

Note: + = present,-= Absent, B = cultivated plants, Tl = wild plants, BST = to bloom all year round, TBM = annuals plants, TMT = to
bloom depending on the growing season, Jan. = January, Feb. = February, Apr = April, May = May, June = June, July = July, Aug =
August, Sept = September, Oct = October, Nov. = November, Dec = December, + = worker bees found to visit plants for less than four
times during the observation, ++ = worker bees found to visit plants for 5-8 times during the observation, +++ = worker bees found to
visit plants for more than 9 times during the observation. Es= Essandoh et al. (2011), Pe= Petrova et al. (2013), Rj = Raju et al. (2006),
Ti = Tiwari et al. (2010)

Crop blooming all year round and frequently visited by
A. cerana consists of two species, namely C. nucifera and
A. catechu. Coconut (C. nucifera) and Areca nut (A.
catechu) belong to a group of industrial plants and are
cultivated on a large scale and is one of the high
commodities for local people. The planting area of these
two commodities continues to increase from time to time,
accompanied by an increase in average production per
year. Areca nut is an exported commodity for Padang
Pariaman District. And, coconut plantation in this district is
the largest plantation in West Sumatra with 33,940.46
hectares. The location spreads from city areas to village
areas (BPS 2011). Coconut plant is also considered as a
pollen source for A. cerana in the district of Coorg,
Karnataka, India (Shubharani et al. 2012).

The main feed source crops for A. cerana on highland
polyculture plantation consist of two species, namely
Coffee arabica and Coffee canephora. Both species of
coffee plants produce relatively high amounts of flowers in
one flowering period. The flowers are white. Saepudin et
al. (2011) reported that the nectar production of these
coffee plants is about 0.64 mL per 25 buds per day,
equivalent to 18.14 mL/tree/day. The nectar production on
these coffee plants fluctuates and the highest average of
nectar production occurred in July.

Wild plants as a source of feed for A. cerana in
polyculture planting area in West Sumatra are 46 species.
The relatively same wild plant species are also visited by
other pollinating insects, for example, 43 species of 22
families of wild plants in an area of Malang and Pasuruan
(East Java) are visited by various pollinating insects
(Erniwati and Kahono 2009). Pollinating insects are
attracted by the flowers of wild plants, mainly due to the
substances excreted by these flowers in the form of pollen
and nectar. Some families of plants are very important as a
source of pollen for honeybees. The availability of these
plants as a source of pollen varies from time to time
(Fidalgo and Kleinert 2010). Annual and perennial plants
that exist in and around the farm location became a source
of nectar and pollen containing important components as
food for many insects (Ratnadass et al. 2012).

All year round blooming wild plants spreading on both
altitude and as the food source for A. cerana with the high
category are four species, namely A. coromandeliana, B.
pilosa, G. parviflora, and M. pudica. Of the four species of
these plants, A. coromandeliana has been reported as
dominant weeds in oil palm plantations in South Assin,
Ghana (Essandoh et al. 2011), M. pudica grows wild in the
mangrove areas and is used as a food source for A. cerana
in Qingland, Hainan Island, China (Yao et al. 2006) and in
the North Queensland (Hyatt 2012). G. parviflora is

widespread in Asia, Africa and in other parts of the world
at lowland to the area with an altitude of over 1000 m. This
plant is the weeds on various crops (Petrova et al. 2013). B.
pilosa, including perennial herb, is widely distributed in
tropical and temperate location (Petrova et al. 2013) and is
the food source for A. dorsata in Garhwal, Himalaya, India
(Tiwari et al. 2010), but to be a food source for A. cerana
has never been reported.

Six plant species (2 species of cultivated plants and 4
species of wild plants) are frequently visited by bees, that it
is categorized as frequent (+++) (Table 1). The visit
frequency of honeybees is more in the crops with many
flowers (Rollin et al. 2013). The foraging activity of bees
has so many relations to the natural plant communities and
the climate. Some factors affecting the nectar concentration
collected by bees are the distance of flowers to the nest, the
availability and the morphology of flower (Fidalgo and
Kleinert 2010).

Species of food sources plant for A. cerana in
polyculture planting area has a various flowering season.
The difference in the flowering season plays an important
role in maintaining the continuous availability of food
resources for bees. Planting area with a high diversity of
plant species provides abundant sources of pollen and
nectar throughout the year. Referring to Winfree et al.
(2008), a high number of visiting species is due to the
abundant amount of flowers, the variety of flower colors,
and the attractiveness of plants. The density and diversity
of flowers are the most important and determining factor
for the diversity of pollinating insects, especially when the
flowers are available throughout the year. Taha and
Bayoumi (2009) reported that the frequency of bee visits in
plants is positively related to the flowering time of plants.
Bees will more intensively visit the plant in peak flowering
time.

Total similarity index of food resources plants for A.
cerana in lowland (<100 m asl) and highland (> 1,000 m
asl) polyculture planting area is 75.34% or 80 plant species.
The similarity percentage of food source species in the two
altitudes relates to spreading regions of plant species.
Various plant species are widespread and can thrive in a
variety of ecosystems. Man-modified habitat is
ecologically the homogeneity that is rich with biodiversity
(Petrova et al. 2013). Human has a powerful influence in
modifying the landscape through fragmentation,
degradation, and destruction of natural habitats and in the
creation of new anthropogenic habitats (Winfree et al.
2009).

Polyculture cultivation in West Sumatra can provide
food source plants for A. cerana honey bees throughout the
year. Polyculture cultivation is supported by 94 species (34
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families) consisting of 48 species of crop and 46 species of
wild plants. The details are more than 68% of plant species
blooming all year round, 21.87% of plants blooming
depending on the flowering season, and 29.78% of annuals
plants. The average number of species to flower monthly is
73.75% (70 species) with peak flowering season in August-
December with more than 91% of species producing
flowers. From these findings, it can be recommended that
the cropping polyculture in West Sumatra can be used as a
location for honeybee cultivation or other wild bee
conservation.
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Abstract. Latifah D, Congdon RA, Holtum JA. 2017. Population structure of palms in cyclone-dependent rainforests. Biodiversitas 18:
41-50. Tropical cyclones may act as important ecological drivers in northern Australia including north Queensland, as several cyclones
impact this region each year between November and May. Extensive research has been conducted to investigate how the population
structure of rainforest species respond to cyclonic disturbances. However, there have been few such studies on palms although they are
important components of rainforests. Therefore, these study aimed to investigate how the population structure of Arenga australasica
(H. Wendl. & Drude) S. T. Blake ex H. E. Moore, Calamus australis Mart., C. moti F. M. Bailey, Hydriastele wendlandiana (F. Muell.)
H. Wendl. & Drude and Licuala ramsayi var. ramsayi (F. Muell.) H. Wendl. & Drude responded to a cyclone, as shown by size class
reflecting mass recruitment after a periodic major disturbance (case study: Cyclone Larry). The field research was carried out in three
study sites: Tam OShanter/Djiru National Park, Clump Mountain National Park and Kurrimine Beach Conservation Park located near
Mission Beach and Kurrimine Beach, in north Queensland. Observations were made of life stage distribution, height and dbh
distribution and wind resistance. We found that responses of the population structures of these rainforest palms varied following
cyclonic disturbance by demonstrating higher densities of seedlings and juveniles, suggesting populations would be retained. More
seedlings of C. australis and C. moti were found in gaps with higher canopy openness; oppositely, less seedlings of L. ramsayi were
encountered under sites with lower sunlight.

Keywords: disturbance, palms, population structure, northern Australia

INTRODUCTION

Natural disturbances that affect tropical forests may act
as major ecological drivers in ecosystem dynamics.
Various types of disturbance of intermediate intensity can
maintain plant diversity in many tropical forests (Connell
1970; Franklin and Bowman 2003). More severe
disturbances, such as catastrophic wind events, can lead to
significant change in species composition and forest
structure (de Gouvenain and Silander Jr 2003; Turton
2008). Many studies have analysed the influence of
frequent natural disturbances on the structure of rainforests
(Clarke and Kerrigan 2000; de Gouvenain and Silander Jr
2003; Foster and Boose 1992; Grove et al. 2000).Cyclones
are catastrophic wind events that have influenced the
dynamics of the vegetation of tropical lowland rainforests
in north Queensland, Australia (de Gouvenain and Silander
Jr 2003; Hopkins and Graham 1987; Webb 1958).

The influence of natural disturbances on species
diversity is explained by the theory that various types of
moderate disturbance can maintain plant diversity in many
tropical forests (Connell 1970; Connell 1989; Franklin and
Bowman 2003; Vandermeer 1994; Vandermeer et al.
1996). More severe disturbances, such as catastrophic wind
events, can lead to significant change in species
composition and forest structure (Bullock 2000; Connell
1989; Franklin and Bowman 2003; Vandermeer et al.
1996). The degree of forest disturbance caused by cyclones

varies depending on the cyclone intensity combined with
other factors. Boose et al. (1994) suggested that, at the
landscape scale, the degree of forest damage induced by
cyclones can be influenced by three main factors: (i) the
wind velocity gradient resulting from cyclone size and
intensity, and proximity to the storm track, complicated by
local-convective scale effect; (ii) variations in site exposure
and other effects of local topography; and (iii) differential
response of individual ecosystems to wind disturbance as a
function of species composition and forest structure.
Natural disturbances that create canopy gaps increase the
variety of regeneration niches (Bullock 2000). These niches
can counteract species dominance through competition and
allow persistence of populations of pioneers or shade-
intolerant species (Bullock 2000; Connell 1989).

The responses of plants and forest structure to cyclones
may vary. Webb (1958) observed that cyclones alter the
composition of emergent trees and vines. Damage to
emergent trees resulted in a lower and uneven canopy in
tropical lowland rainforests in north Queensland, and
promoted the growth of vines (Webb 1958). De Gouvenain
and Silander (2003) also found that forest canopies of
lowland tropical rainforests in Madagascar were also low,
which was significantly correlated with the impact of
tropical cyclones. Moreover, tropical cyclones increased
tree population densities (de Gouvenain and Silander Jr
2003; Vandermeer 1994). However, Lugo (2008) found, in
a long-term study (1943-2005), that species diversity of a
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tabonuco (Dacryodes excelsa) forest in Puerto Rico and
Florida, first increased ten years after a major hurricane
(San Cipriano, in 1932), but then gradually decreased. The
species diversity increased nine years after Hurricane Hugo
in 1989, then steadily declined after Hurricane Georges hit
in 1998. It is clear that although species diversity
decreased, these frequent hurricane disturbances between
1943 and 2005 resulted in an increase in the abundance of
D. excelsa (the dominant species).

However, there have been few similar studies on palm
population structure following cyclonic disturbances. For
example, populations of some palms became dense
following cyclonic disturbances. C. australis densely
occupies the understorey following cyclones in north
Queensland, as this climbing palm species is shade-
intolerant (Webb 1958). This finding is consistent with
recent studies that C. australis (Metcalfe et al. 2008) and C.
caryotoides (Stork 2007) benefit from frequent cyclonic
disturbances in north Queensland. Prestoea montana in the
Caribbean also became dominant after Hurricane Hugo in
Puerto Rico (Frangi and Lugo 1998).

The meteorological term “tropical cyclone” refers to
severe storms with winds that circulate spirally inward and
upward and then outward and upward around a storm axis,
counter-clockwise in the northern hemisphere and
clockwise in the southern hemisphere. These storms
produce wind velocities of 160 to 225 km per hour or
greater and intense precipitation, depending upon the areas
topography relative to the centre or eye (Cline 1926).
Tropical cyclones occur regularly in seven areas
worldwide, known as tropical cyclone basins (AOML
2011). North Queensland clearly lies within basin 7 under
Nadis RSMC (Regional Specialised Meteorological
Centres) with three centres involved: Nadi, Port Moresby
and Brisbane (AOML 2007). Cyclones frequently impact
on northeastern Queensland (Table S1). At the time of this
study, the most recent devastating cyclone (Category 5;
290 kmh-1) in northern Queensland was Cyclone Larry on
20 March 2006, which crossed the coast between Tully and
Innisfail. Consequently, Mission Beach and Kurrimine
Beach, part of the Wet Tropics World Heritage Area, were
chosen for this study. Prior to Cyclone Larry, the last
destructive cyclone in the Mission Beach-Tully area was
Cyclone Winifred in February 1986 (Hopkins and Graham
1987). Previous cyclones that caused major damage in this
region recorded by the Bureau of Meteorology, Australia,
were in 1918 (no name), cyclones Joy in 1990 and Agnes
in 1956 (JCU 1991; Hopkins and Graham 1987). Low-
category Ex-Tropical Cyclone Ellie hit the Mission Beach
region on 1 February 2009, causing a number of trees that
had been damaged by Cyclone Larry to fall. Cyclone Yasi
(Category 5) hit the Mission Beach-Tully region on 2
February 2011. This suggests that cyclonic disturbance of
tropical lowland rainforests in north Queensland is
significant and the structure of the rainforests within these
regions may be determined by these cyclone events.

Therefore, the aim of this research was to investigate
whether the population structure of palms [Arenga
australasica (H. Wendl. & Drude) S.T. Blake ex H.E.
Moore, Hydriastele wendlandiana (F. Muell.) H. Wendl. &

Drude, Licuala ramsayi var. ramsayi (F. Muell.) Domin,
Calamus australis Mart. and C. moti F.M. Bailey], as
shown by size classes reflects mass recruitment after a
periodic major disturbance in Mission Beach and
Kurrimine Beach, north Queensland, Australia (case:
Cyclone Larry).

MATERIALS AND METHODS

Study species
The five study species in this research were A.

australasica, C. australis, C. moti, H. wendlandiana and L.
ramsayi var ramsayi (Table 1).

Study site
Population structure was studied at Tam OShanter/

Djiru National Park (17º54 S 146º04 E: Site A-Licuala
Walk area and B-river bank area) and Clump Mountain
National Park (17º50 S 146º05 E: Site C- Bicton Hill)
located in Mission Beach and Kurrimine Beach
Conservation Park (17º47 S 146º03 E: Site D- Kurrimine
Beach Conservation Park and Site E-Kurrimine Beach
Esplanade) which is situated in Kurrimine Beach, north
Queensland, Australia (Figure 1) using eighteen 10 m x 10
m study plots (See Table S2). The study site characteristics
covering canopy openness and level of damage is presented
in Table S2 (the assessment of the canopy openness and
level of damage was also use in the regeneration strategies
study and published in Latifah et al. 2016).

Survey methods
Life stage distribution

The sampling strategy using 10m x 10m study plots was
chosen as larger plots or transects could not be used in
cyclone-damaged forest. The composition of palm
populations was determined for three life stages: seedlings,
juveniles and mature plants. Palm densities were also
determined. The immediate impact up to 1.5 years after the
strike of Cyclone Larry (20 March 2006) on the population
structures of Sites A1, C and D were assessed in July 2007;
Sites A2 and B in August 2008 and Site E in May 2008.
For the purposes of data collection of population structure,
one cluster of palms was counted as one individual (Table
1). Data on the regeneration from the eighteen permanent
plots (seedling recruitment and survivorship as part of a
recovery) were published in Latifah et al. 2016.

Height distribution, distribution of height versus dbh and
wind resistance of mature A. australasica, H. wendlandiana
and L. ramsayi

Height and dbh distributions were examined from plots
a-r. Heights of palms were measured using tape measures
and a clinometer. When assessing damage and height and
dbh distribution, stems of clustered palms were assessed
individually and individuals were counted. Palm resistance
to wind stress was assessed by recording the mortality and
the extent of damage, i.e. damage category was also
recorded if damaged palms were encountered. Surviving
but damaged palms were monitored for their ability to
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recover by recording their capability to produce
inflorescence/fruit in the eighteen permanent plots during
the study course (2007-2009); the reproductive phenology
records were published in Latifah et al. 2016. The level of
damage to the palms, as shown by the different size classes,
was categorized into four wind damage types by Dowe
(2009): (1) crushed: impacted by falling debris; (2)
uprooted: palm lying horizontal or nearly so, with root ball
out of the ground; (3) trunk snapped near the middle; (4)
trunk snapped at the apical meristem. However, as Dowes
four damage types were based on one species with a
solitary growth habit, A. alexandrae, in the current study
the levels of damage were scored from 1 to 7, ranking from
no damage (lowest) to uprooted (highest) (Table 2).

Data analyses
Population structure was surveyed by counting the

number of individuals in each of the three life stages:
seedling, juvenile and mature, for each species in each
study plot. Analysis of variance (ANOVA) was used to
determine the significance of the differences between the
life stages and study sites. The relationships between height
and dbh were determined using regression analysis, and the
relationships between each of these and wind resistance
were analysed using GLM in ordinal logistic form. The
relationships between wind resistance (Table 2) and

survivorship of damaged palm trees (Table 3) were
analysed using Spearman Correlation. The recovery of the
damaged palms was scored from 1 to 4 (Table 3). Values
less than 1 were log-transformed, as log 10 (data + 1). All
analyses were run utilizing SPSS for Windows version
19.0.

Table 1. Taxonomic affinities of the five palm study species and
their growth habits (Uhl and Dransfield 2008)

Species Taxonomic group Growth habit

A. australasica Subfamily:
Arecoideae
Tribe: Caryoteae

Clustering tree1

C. australis
C. moti

Subfamily:
Calamoideae
Tribe: Calameae

Clumping2,
climbing plant
clumping, climbing
plant

H. wendlandiana Subfamily:
Arecoideae

Clustering tree or
usually single-
stemmed tree

L. ramsayi var.
ramsayi

Subfamily:
Coryphoideae
Tribe: Corypheae

Solitary or rarely
clustered tree

Notes: 1Cluster means two to many stem coming out at the same
point in the soil. 2Clump is considered as a cluster too

Figure 1. A map of Australia and an arrow showing the approximate location of Mission Beach, Queensland, Australia (Source: maps-
oceania.com).
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Table 2. Categories used to record wind resistance/damage of palm trees. The categories, ranked from 1 to 7, were only applied to
mature palm trees and excluded palms with climbing growth habit, i.e. C. australis and C. moti. The description of wind resistance was
modified from Dowe (2009). The damaged palms were categorised as recovered or did not survive based on Table 4

Category
(rank) Indicators of the level of wind resistance from 1 to 7

1 Palms survived without damage.
2 Palm tilted but survived.
3 Trunk was partially snapped in the middle causing wounding and tilting; palms may survive but the growth may be

abnormal. Leaning palms whose fall was blocked by other standing trees, with their roots still in the ground, are included
in this category.

4 Trunk was snapped at the apical meristem leaving abnormal shoot or crown growth; palms may survive but the growth
may be abnormal.

5 Palms were partially uprooted causing palms to lie nearly horizontal but likely to survive and the growth may be abnormal.
6 Palms did not survive as the trunks were partially snapped and the upper parts had fallen but the lower parts were not

uprooted.
7 Palms were uprooted, lying horizontal or nearly so, with root ball out of ground and palms did not survive.

Table 3. Survivorship of damaged palm trees following Cyclone Larry as recorded at the study sites. The scores, ranked from 1 to 4,
were only applied to mature palm trees and excluded palms with climbing growth habit, i.e. C. australis and C. moti.

Descriptions of survivorship Scores

Mature palms, wind resistance categories 1-5 (Table 2) were able to produce inflorescences/fruit (flowered/fruited) during
the study course.

1

Vegetative regeneration (on palms with wind resistance categories 6-7). 2
No inflorescence produced (on palms with wind resistance categories 2-5). 3
Did not survive. 4

A B C D E

Figure 2. Life stage distribution of A. A. australasica, B. C. australis, C. C. moti, D. H. Wendlandiana, E. L. ramsayi at sites A1 (
59%), A2 ( , 62%), B ( , 43%), C ( , 31%), D ( , 27%) and E ( , 80%). Seedling (S), Juvenile (J), and Mature (M) samples
with the same lower case letters are not significantly different (p< 0.01)

RESULTS AND DISCUSSION

There were fewer mature plants of A. australasica at
sites C and D than juveniles and seedlings (Figure 2.A).
However, statistically the difference was not significant
due to the high variability between plots; the effects of sites
and the interaction between life stages and sites was also
not significant (F2,18 = 0.61, p = 0.55). The density of
mature plants was 2 individuals/100 m2 at site C (31%
canopy openness, minor to moderate) and 1 individual/100
m2 at site D (27% open, moderate to severe). The number
of juveniles that survived Cyclone Larry was 3
individuals/100 m2 at site C and 5 individuals/100 m2 at site
D. During the course of the study, fewer A. australasica

seedlings were recruited at site D (2 individuals/100 m2).
There were also fewer mature plants of C. australis at

sites A1 and E than juveniles and seedlings (Figure 2.B),
although the difference was not statistically significant.
Densities of life stages were different among sites (F2, 27 =
15.92, p < 0.01, log-transformed). The density of mature
plants was 4/100 m2 at site A1 (59% open, moderate) and 3
individuals/100 m2 at site E (80% open, severe). The
density of juveniles which survived Cyclone Larry was 14
individuals/100 m2 at site A1 and 1 individual/100 m2 at
site E. Fewer C. australis seedling were recruited in site A1
(8 seedlings/100 m2); while only 1 mature plant and 2
seedlings were found at site C (31% open, minor to
moderate).
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Table 4. Density of the five study species per hectare for each life
stage in July 2007 for Site A1, C and D, May 2008 for Site E and
August 2008 for Site B

Species
Site Seedling Juvenile Mature Total

individuals/ha
A. australasica C

D
350
200

325
450

150
75

825
725

C. australis A1
C
E

775
50
975

1375
0
125

375
25
50

2525
75
1150

C. moti A1
C
D
E

500
50
50
0

50
25
0
25

100
25
0
0

650
100
50
25

H. wendlandiana A1
E

100
525

0
275

75
75

175
875

L. ramsayi A2
B
E

1950
6850
0

600
2150
150

850
1800
0

3200
10750
150

The population structure of C. moti at site A1 showed
fewer mature and juveniles plants than seedlings (Figure
2.C). The densities of the three life stages were
significantly different (F2,27 = 3.26, p = 0.05, log-
transformed); however, the effects of sites and the
interaction between sites and life stages were not
significant. The density of mature plants was 1/100 m2 at
site A1 (59% open, moderate). One juvenile/100 m2

survived Cyclone Larry and 5 seedlings/100 m2 were
recruited at site A1. Only one mature plant occurred and 1
seedling/100 m2 were recruited at site C (31% open, minor
to moderate). Only one seedling per 100 m2 was also
recruited at site D (27% open, moderate to severe). The
juveniles of H. wendlandiana were most abundant at site E
(Figure 2.D), although the difference between the densities
of life stages was not statistically significant. Fewer mature
plants (2 individuals/100 m2) were found at site E (80%
open, severe, F1,7 = 6.12, p = 0.06). The density of
juveniles that survived Cyclone Larry was 11
individuals/100 m2 at site E. More seedlings were recruited
at site E (F1,7 = 5.78, p = 0.05, log-transformed) than at site
A1 (59% open, moderate). The population structure of L.
ramsayi followed a nearly reverse-J-shaped curve, at site B
but there was little difference at site A2 (Figure 2.E). There
were more individuals of all life stages at site B (43% open,
severe) compared to those at site A2 (62% open, moderate
to severe, F1,12 = 9.02, p = 0.01, log-transformed). The
densities of the three life stages were presented in Table 4.
L. ramsayi had the highest densities at the study sites.

All the palms studied in the current research exhibited a
higher abundance of seedlings and juveniles compared to
mature individuals suggesting a high probability of the
populations maintaining themself as a part of a stable-
climax plant community (Barbour et al. 1987). Dowe
(2009) also reported that the population of A.alexandrae
exhibited more seedlings and juveniles, a few days after
Cyclone Larry in 2006; the seedlings and juveniles
appeared to be less prone to be damaged by strong winds..
Conversely, Gorman (1996) found mature L. ramsayi were

more abundant than juveniles and seedlings at Tam
OShanter in 1996, 10 years after a major cyclone i.e.
Cyclone Winifred in 1986 indicating the recruitment
pattern of L. ramsayi was low. However, the recruitment of
L. ramsayi in this study was more (Table 4).

Stands of mature A. australasica with a height of 3m or
less (younger trees) were dominant following Cyclone
Larry (Figure 3.A). Wind resistance was related to height
(Figure 5.A). Ninety percent of 29 damaged mature trees
(wind resistance ranks 2-5) did not produce flowers
(survivorship score 3) (Figure 6.A). The height and
diameter were not significantly correlated in A.
australasica. Mean heights were similar at sites C and D
(Table 5). Hydriastele wendlandiana stands with heights of
2.5-5 m were dominant in site E, while this height range
was the least in site A1 (Figure 3.B). This species showed a
positive correlation between height and dbh (Figure 4.A).
Height and dbh of this species were not related to wind
resistance. However, mature individuals with height more
than 10 m were lost at site E (severe) suggesting those
which their heights more than 10 m were more susceptible
to wind (Figure 3.B). Damaged H. wendlandiana trees
recovered well following the cyclone with their ability to
resprout and the benefits of a clustered growth habit
(Figure 6.B). Stems were taller at site A1 than site E (Table
5). Mature L. ramsayi trees with heights between 5 and 12
m were particularly abundant (Figure 3.C). This would indicate
that individual which were taller than 12m were more
susceptible to cyclones. Trees were taller at site A1 (Table
5), however, height and dbh were not significantly related.

In this study, the susceptibility of mature palms to
Cyclone Larry varied and can be related to their height
and/or dbh distribution (Figure 4); however, the cyclone
caused trees to fall in many ways. In A. australasica, the
results suggest that stands higher than 3 m were more
susceptible to wind damage; the height was related to wind
resistance. Among these stands, 10% of trees were
damaged, 21% lost and 6% of the undamaged trees
subsequently flowered. The usual height of mature plants is
up to 20m (Jones 1996); however, the height is probably
very variable, a few may make it up to 20 m, but the
majority probably do not due to a wide range of factors. In
H. wendlandiana, stands higher than 10 m and with dbh 5-
8 cm were also more susceptible, with 30% of the trees
damaged; although, height and dbh were correlated. In
addition, the slopes of the regressions between stem
diameter and height for H. wendlandiana suggest that this
species was close to or exceeded the theoretical buckling
limit i.e. the relative margin of safety against mechanical
failure (Rich 1986) as palms do not have secondary growth
from a vascular cambium, consequently the trees became
less stable as they grow taller. However, 62% of the
damaged trees re-grew vegetatively due to their clustering
growth habit, and 25% of the damaged trees subsequently
flowered. L. ramsayi, with heights of more than 12 m and
dbh less than 16 cm, were more susceptible; although the
height was not related to wind resistance, but dbh was
correlated with wind resistance (Figure 5.B): 14% of
mature trees were damaged, 20% lost and 63% of the
damaged trees flowered, as the roots of the tilting and
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leaning damaged trees were still in the ground. Unwin et
al.(1988) observed that trees of L. ramsayi were little
damaged by Cyclone Winifred (1986). Moreover, 10 years
after Cyclone Winifred, Gorman (1996) observed that 10-
13-m tall L. ramsayi stands dominated in Tam OShanter
National Park. In the current research, 7, 8 and 10-m tall L.
ramsayi stands were most abundant in Tam OShanter
National Park. These results suggest that cyclone
susceptibility depends on the species and the age (Everham
III and Brokaw 1996).

To conclude, the palm population data collected at
Mission Beach and Kurrimine Beach indicated that the
palms appear adapted to periodic cyclonic disturbance. The
five palm species showed higher densities of seedlings and
juveniles, suggesting populations would be maintained.
The recruitment of the seedlings of C. australis and C. moti
was higher in gaps with more light; however, the
recruitment of L. ramsayi was higher in sites with lower
canopy openness.

A B C

Figure 3. Height distributions of surviving mature individuals of A. A. australasica, B. H. Wendlandiana, C. L. ramsayi at sites A1 (
59%), B ( , 43%), C ( , 31%), D ( , 27%) and E ( , 80%)

Table 5. Heights of mature A. australasica, H. wendlandiana and L. ramsayi at sites A1, B, C, D and E

Species Site N
(individuals/400m2)

Height
mean ± SEM (m)

Range
(m)

Overall
(mean ± SEM)

A. australasica C 25 2.04 ± 0.32 0.50 -6.75 }C and D =
D 17 2.68 ± 0.32 1.00 -5.50 }2.52 ± 0.16

H. wendlandiana A1 8 6.73 ± 0.98 3.67 -9.95 }A1 and E =
E 14 3.97 ± 0.02 1.56 -7.45 }5.35 ± 1.38

L. ramsayi A1 58 10.56 ± 1.22 2.00 -25.72 }A1 and B =
B 49 7.70 ± 0.41 0.70 -16.24 }9.13 ± 1.43

A B

Figure 4. Plots of dbh versus height for mature A. H. wendlandiana and B. The slope of the regression of H. wendlandiana exceeds the
theoretical buckling limit.
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A B

Figure 5. Wind resistance of mature A. A. australasica; height was correlated with wind resistance, and B. L. ramsayi; dbh was
correlated with wind resistance. Wind resistance was recorded in July 2007 for sites A1, C, and D, May 2008 for Site E and August
2008 for Site B. Descriptions of wind resistance ranks are presented in Table 2.

A B C

Figure 6. Recovery of mature A. A. australasica, B. H. Wendlandiana, and C. L. Ramsayi following the disturbance of Cyclone Larry.
Wind resistance was rangked from 1 to 7 based on Table 2. Recovery was scored from 1 to 4 according to Table 3. Each point represents
the number of individuals, which is indicated by figures in parentheses
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Table S1. Tropical cyclone events in north Queensland. References: 1 = BOM (2010a), 2 = Webb (1958), 3 = Hopkins and Graham
(1987).

Date Name Areas impacted Refs

1878, March 8 - Cairns area 1
1882, February 2 - Cardwell area 1
1884 - n/a; noted as “particularly disastrous storms” 2
1890, March 24 - Townsville-Ingham region 1
1896, January 26 Sigma Townsville area 1,2
1899 - n/a; noted as “particularly disastrous storms” 2
1903, March 9 Leonta Townsville area 1,2
1906, January 28 - Cairns area 1
1910, January 28 - Cairns area 1
1911, January-March - Gulf of Carpentaria inland including Marburg in south-west Queensland (11

January); Port Douglas area (10 February); Mossman-Cairns area (16 March);
Townsville area (23 March)

1,2

1912, April 7 - Cairns-Innisfail region 1
1913, January 31 - Cairns-Innisfail region 1
1918, March 10 - Innisfail region including Mission Beach to Atherton Tableland 1.2
1920, February 3 - Cairns region 1.2
1923 - n/a; noted as “particularly disastrous storms” 2
1926, February 9 - Townsville-Tully region 1
1927, February 9 - Cairns area 1
1928 - n/a; noted as “particularly disastrous storms” 2
1929, February - Townsville area (23 Feb) and Mossman-Cairns area (29 Feb)
1932, January 19 - Townsville area 1
1934, January 22 - Cairns area 1
1940, February - Cardwell area (18 February); Townsville-Ayr area (7 April) 1
1946, March 2 - Cairns-Townsville region 1
1954, February 7 - Townsville area 1
1956, March 6 Agnes Innisfail area or across Cairns-Townsville 2,1
1959, January 20 - Cooktown-Cairns region 1
1964, December 6 Flora Innisfail-Cardwell region 1
1965, January 30 Judy Innisfail area 1
1971, February 16 Gertie Cardwell area 1
1971, Dec 24 Althea Townsville-Magnetic Island area 1
1973, Dec 19 Una Townsville area 1
1977, January 31 Keith Cairns first then Townsville 1
1979, January 1-2 Peter Cairns area 1
1986, February 1 Winifred Mission Beach-Tully area
1990, Dec 22-25 Joy Cairns first, weakening at Townsville, strengthening at Mackay 1
1997, March 22 Justin Cairns-Atherton Tableland-Innisfail-Kurrimine Beach-Mission Beach-Tully-

Townsville region
1

1998, Jan 10-11 Sid Moved from Gulf across Cape York and intensified near Townsville 1
1999, February 11 Rona Cairns-Mareeba region 1
2000, February 27 Steve Cairns-Mareeba region 1
2000, April 2 Tessi Townsville area 1
2001, Feb 23-27 Abigail Cairns area including Green Island 1
2006, March 20 Larry Cairns-Northern suburbs-Tablelands-Mareeba-Innisfail region
2009, January 12 Charlotte Townsville area 1
2009, February 1 Ellie Mission Beach 1
2010, January 24 Olga Innisfail area 1
2011, February 2 Yasi Mission Beach-Tully region to Townsville area 1
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Table S2. GPS readings for the 18 study plots distributed over five sites depending on the study species occurrence

Sites Species Study plots

Canopy
Oopenness
(%Mean
±SEM)1

Level of
Damage1 Location

A12 C. australis
C. moti
H. wendlandiana
L. ramsayi

Plot a (17°54.739” S 146°04.191” E)
Plot b (17°54.736” S 146°04.191” E)
Plot c (17°54.734” S 146°04.189” E)3

Plot d (17°54.637” S 146°04.123” E)3

59±6 Moderate Tam OShanter National Park
(Licuala Walk area)

B L. ramsayi Plot e (17º54.795” S 146º04.398” E)
Plot f (17º54.710” S 146º04.547” E)

43±3 Severe Tam OShanter National Park
(river bank area)

C A. australasica
C. australis
C. moti

Plot g (17°50.394” S 146°05.982” E)
Plot h (17°50.348” S 146°05.902” E)
Plot i (17°50.358” S 146°05.982” E)
Plot j (17°50.370” S 146°05.994” E)

31±2 Minor to
moderate

Clump Mountain National Park

D A. australasica
C. australis
C. moti

Plot k (17°46.858” S 146°06.042” E)
Plot l (17°46.853” S 146°06.041” E)
Plot m (17°46.878” S 146°06.026” E)
Plot n (17°46.872” S 146°06.025” E)

34±8 Moderate
to severe

Kurrimine Beach National Park
(Kurrimine Beach Conservation
Park)

E C. australis
C. moti
H. wendlandiana

Plot o (17°46.996” S 146°05.521” E)
Plot p (17°46.980” S 146°05.547” E)
Plot q (17°46.974” S 146°05572” E)
Plot r (17°46.985” S 146°05.520” E)

50±4 Severe Kurrimine Beach National Park
(Kurrimine Beach Esplanade)

Note: 1The assessment of canopy openness and level of damage were also used for regeneration strategies study and published in Latifah
et al. 2016; 2Site A1 was set up at the same site as previous study i.e.10 years after Cyclone Winifred in 1986 (Gorman 1996); 3As L.
ramsayi only occurred in Tam OShanter National Park so Sub site A2 (62±0.5% canopy openness, moderate to severe) consisting of
plots c and d was used to permit comparison with L. ramsayi in Site B.
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Abstract. Harsono T, Pasaribu N, Sobir, Fitmawati, Prasetya E. 2017. Phylogenetic analysis of Indonesian gandaria (Bouea) using 
molecular markers of cpDNA trnL-F intergenic spacer. Biodiversitas 18: 51-57. Genus Bouea is a member of the Family Anacardiaceae 
which is widespread in Malesia region. Genus Bouea consists of two types, namely, B. oppositifolia (Roxb.) Adelb. and B. macrophylla 
Griffit. This study aims to uncover the genetic diversity of Bouea in Indonesia based on molecular markers of cpDNA trnL-F intergenic 
spacer. The samples of genetic material analyzed are 7 accessions of B. oppositifolia and 8 accessions of B. macrophylla coming from 
the collection of the Bogor Botanical Gardens and the field exploration activity in Sumatra, Java, Kalimantan and Ambon, and 
Anacardium occidentale and Mangifera indica are also used as an out-group comparator. Based on phylogenetic analysis using the 
maximum parsimony and neighbor-joining method, genus Bouea is a monophyletic group or is derived from the same ancestor. Bouea 
derived from Gunung Tua, North Sumatra, has the longest branch and showed up earlier than the other sample so it can be considered 
that the ancestor of genus Bouea. B. oppositifolia has branches longer and show up early so it can be considered the ancestor of B. 
macrophylla. Both types of genera Bouea grouped separately in the phylogenetic tree and supports grouping types in genera Bouea. The 
results of phylogenetic tree construction do not indicate a geographical grouping of accession. Based on the phylogenetic tree, genus 
Bouea has a closer relationship with Anacardium occidentale compared with Mangifera indica. The results showed that the markers 
cpDNA trnL-F intergenic spacer effectively used to determine relationship in genus Bouea. 

Keywords: Bouea, cpDNA, gandaria, phylogenetic, trnL-F intergenic spacer 

INTRODUCTION 

Bouea Meisner (Fam.: Anacardiaceae) is an Indonesian 
native plant and is spread in Sumatra, Java, Kalimantan and 
Maluku. This plant is also found in Malay and Thailand 
peninsula. Bouea grows in the wet tropic region. By nature, 
this flora, which is an identity of West Java province, is 
grown in the lowlands to highlands with a height of 300 
meters above sea level, but cultivated Bouea is able to 
grow well in highlands with an altitude of 850 meters 
above sea level (Rifai 1992). There are other reports stating 
that Bouea is an endemic typical plant of Maluku (Rehatta 
2005; Papilaya 2007). 

Hou (1978) reports that genus Bouea includes two 
species namely Bouea oppositifolia (Roxb.) Adelb. and 
Bouea macrophylla Griffith. Based on observations of 
herbarium specimens and fresh specimens, Harsono (2013) 
reports that the variation in the leaves and fruit morphology 
of Bouea oppositifolia (Roxb.) Adelb. and Bouea 
macrophylla Griffith is still quite high, thus it requires 
another approach beyond morphology to reveal the 
diversity in the genus Bouea. 

Morphological markers are common to be used to 
reveal a diversity of plant species, but since it has high 

plasticity, other more accurate and stable marker such as 
molecular marker is required. The stability of these 
molecular markers is used to support the clarity of 
morphology diversity and to reveal the genetic diversity 
and their suspect relationship among species. A more stable 
genetic diversity data can be used for various activities 
such as breeding, management, and conservation of 
germplasm.  

There are differences of opinion about the origin of 
genus Bouea. Rudini (1990) determines Bouea as the 
mascot of West Java because it is a native plant with 
cultural value to the Sundanese. Rifai (1992) stated that 
genus Bouea comes from North Sumatra, while Rehatta 
(2005) and Papilaya (2007) stated that genus Bouea is 
endemic in Maluku. Harsono (2012) reported that Dayak 
tribe in Borneo hinterland also uses this plant for various 
activities of life. To address this problem, accurate and 
stable phylogenetic analysis is required to explain the 
origin, elders and evolution process of genus Bouea of 
Indonesia. Information on Bouea relationship is important 
for predicting the common elders of genus Bouea of 
Indonesia. 

Phylogenetic analysis requires morphological markers 
as well as molecular markers which are more conservative 
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(nonvolatile) for example marker of cpDNA trnL-F 
intergenic spacer. These markers are often used by the 
experts as they are easily isolated and purified, 
characterized and cloned, and very conservative with the 
low rate of evolution, so they can be used in the 
reconstruction of inter-taxa phylogeny at the level of the 
family of flowering plants (Clegg and Dulbin 1990; Kajita 
et al. 1998). 

The use of molecular markers chloroplasts (cpDNA) to 
reveal diversity, to discover the relationship with the basis 
of evolution and to clarify the status of Indonesian genus 
Bouea has never been done. These markers are useful to 
support the existing molecular data of genus Bouea, as well 
as to understand the evolution of Bouea on the basis of 
chloroplast DNA sequences. Evolution information on 
genus Bouea is used to predict the common elders of genus 
Bouea in Indonesia today. CpDNA markers have been 
widely used to study other plant phylogenies, for example, 
Morus by Weiguo et al. (2005), Cucumis spp. by Chung et 
al. (2006). cpDNA markers are often used as markers for 
they are easily isolated and purified, characterized and 
cloned, and very conservative with the low rate of 
evolution, so they can be used in the reconstruction of 

inter-taxa phylogeny at the level of the family of flowering 
plants (Clegg and Dulbin 1990; Kajita et al. 1998). 

The aim of this study was to obtain data on the genetic 
diversity of the Indonesian genus based on markers of 
cpDNA trnL-F intergenic spacer, resulting phylogeny tree 
of the Indonesian genus Bouea in order to obtain the 
direction of evolution and the spread of elders of 
Indonesian Bouea, as well as to determine Bouea 
relationship with its close relatives. 

MATERIALS AND METHODS 

Sample plant 
Samples of B. macrophylla and B. oppositifolia were 

obtained from various regions in Indonesia representing 7 
analyzed regions, namely Ambon, Banten, Aceh, West 
Sumatra, West Kalimantan, Bangka-Belitung, North 
Sumatra, and the accession of the Bogor Botanical Gardens 
(Figure 1). Samples were in the form of a fresh leaf with 
Mangifera indica and Anacardium occidentale as 
outgroup. The accession of genus Bouea is presented in 
Table 1. 

 
 
 
 

 
 
Figure 1. Location of Bouea sampling in Indonesia 
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Table 1. Samples of genus Bouea and outgroup used for phylogenetic analysis 
 
Origin of accession Code Species Total Latitude Longitude 
Aceh SN B. macrophylla 1 S 04°57'29.7" E 097°16'32.3" 
Sumatera Utara (Gunung Tua) GT B. macrophylla 1 S 01°02'35.92" E 099°52'30.56" 
Sumatera Utara (Sipiongot) SP B. macrophylla 1 01o47'14.05"S 099o50'11.68"E 
Sumatera Barat BS B. macrophylla 1 S 00°27'19.3" E 100°36'19.4" 
Bangka Belitung BL B. oppositifolia 1 2°51'49.11"S 108° 8'50.70"E 
Kalimantan Barat KB B. macrophylla 1 S 01˚21'43.88'' E 110˚10'04.44'' 
Ambon AM B. macrophylla 1 S 03˚42'04.32'' E 128˚05'48.27'' 
Banten BA B. macrophylla 1 S 06˚17'30.34'' E 105˚50'18.58'' 
Bogor Botanical Garden KR1 B. oppositifolia 1 06˚35'49.59''S 106˚47'56.19''E 
Bogor Botanical Garden KR2 B. oppositifolia 1 06˚35'47.34''S 106˚48'01.80''E 
Bogor Botanical Garden KR3 B. oppositifolia 1 06˚35'47.34''S 106˚48'01.80''E 
Bogor Botanical Garden KR5 B. oppositifolia 1 06˚35'51.06''S 106˚47'57.46''E 
Bogor Botanical Garden KR4 B. macrophylla 1 S 02°57'50.7" E 104°42'03.1" 
Bogor Botanical Garden MI M. indica 1 06˚35'45.06''S 106˚47'53.46''E 
Bogor Botanical Garden AO A. occidentale 1 06˚35'51.06''S 106˚47'57.46''E 
Total 15   
  
 
 

 
DNA isolation and amplification of cpDNA trnL-F 
intergenic spacer 

Isolation of DNA followed the procedure of CTAB 
(Doyle and Doyle 1987) with some modifications. A total 
of 0.15 g of leaf samples was crushed using a sterile mortar 
with the addition of 0.6-0.8 ml of extraction buffer (10% 
CTAB, 0.5 M EDTA (pH 8.0); 1 M Tris-HCl (pH 8.0); 5 M 
NaCl; 1% β-mercaptoethanol). The solution was 
homogenized and then incubated at a temperature of 65ᵒC 
for 1 hour and then was added by 0.7 ml of purification 
buffer (chloroform: isoamyl alcohol = 24: 1 v/v), followed 
by centrifugation at a speed of 11,000 rpm for 10 minutes. 
The supernatant was transferred into sterile effendorf tube 
2 ml and added by 500 mL of cold 2-propanol and then was 
incubated for 1 night in the freezer. The solution was then 
centrifuged for 10 minutes at a speed of 11,000 rpm. The 
liquid phase was discharged and the solid phase (pellet) 
was air-dried and stored in 100 µL TE solution (1 M Tris-
HCl pH 8.0, 0.5 M EDTA pH 8.0, and distilled water). 

The sequent of trnL-F intergenic spacer was amplified 
with the forward primer pair of 5'-GGT TCA AGT TCT 
ATC CCC CC -3' and reverse primer pair of 5'-ATT TGA 
GAC ACG AG ACT GGT -3' (Taberlet et al. 1991) with a 
total reaction volume of 25 µL (2.5 µL DNA template, 2.5 
µL of forward primer, 2.5 of reverse primer; 5 µL of 
distilled water, 12.5 µL of PCR mix (FastStart PCR Master 
Mix Roche)). Amplification of DNA sequences of trnL-F 
intergenic spacer used Thermalcycler (Qiagen), the PCR 
machine, with the condition of predenaturation at 
temperature of 97ᵒC for 5 minutes followed by 40 cycles 
with reaction conditions of denaturation at temperature of 
94ᵒC for 5 minutes, annealing at temperature of 52ᵒC, and 
extension at 72ᵒC for 1 minute, then the PCR process was 
ended with process of post-extension at temperature of 
72ᵒC for 5 minutes. 

The PCR products were visualized using agarose gel 
1% plus 4 µL of SYBR ® Safe DNA Gel Stain. Running 
process were applied on 6 µL of PCR product added by 1 
µL loading dye along with 100 bp DNA ladder marker 

using electrophoresis machine with mobile phase namely 
1X TBE buffer at a voltage of 100 volts for 45 minutes. 
The appearing of visualization tape used gel 
documentation. PCR products with visible tape would be 
sent to 1st Base DNA Sequencing Service for sequencing. 

Phylogenetic analysis 
Data from the sequencing of trnL-F intergenic spacer 

sequent were analyzed using BioEdit 7.0.1 to determine the 
consensus sequences based on the conservative sequences 
and MEGA (Molecular Evolutionary Genetics Analysis) 6: 
06 program to construct phylogenetic trees. Sequencing 
results would be aligned with Clustal W program which 
was inside MEGA 6: 06 and then the cladogram would be 
built based on the alignment of sequence data. With the 
help of MEGA program, the data alignment could be 
carried out and, based on that alignment, the evolutionary 
relationship could be predicted. Phylogenetic analyses used 
maximum parsimony and neighbor-joining method.  

RESULTS AND DISCUSSION 

The visualization of PCR products using 1% agarose 
showed single band which means that sequent of trnL-F 
was successfully amplified with forward and reverse 
primer (Figure 2). The sequencing results were analyzed 
using Bioedit 7.0.1 to generate a consensus sequence. 
Consensus sequence as a result of the sequencing consists 
of 483 characters. From these data, there are 351 characters 
which were conservative, 8 characters which were 
potentially parsimony informative and 108 characters 
which were variable sites. The alignment results showed a 
gap in the sequence caused by insertions and deletions. 
These events affect the regulation of gene expression. At 
the ingroup (B. macrophylla and B. oppositifolia), deletion 
occurs in base no. 1-12, 433, and 467-483, the insertion 
occurs at the base no. 3, 5, 16, 17, 35, 466, 467, 470, and 
471, while the insertion-deletion occurs at base no. 3, 5, 



 B IODIVERSITAS   18 (1): 51-57, January 2017 

 

54

467, 470, and 471. Results of alignment showed that both 
species of genus Bouea have a very high degree of 
homology (98%). This value is higher than the homology 
level of 14 species of Anacardiaceae family in the area of 
ITS-1 core genome namely 75% (Hidayat and Pancoro, 
2001). The average frequency of nucleotide on sequences 
trnL-F was 32.2% (T), 22.6% (C), 29.3% (A), and 16% 
(G). These sequences were rich in T/A which was equal to 
61.1% while in G/C was 38.8% (Table 2). This was 
consistent with the statement of Li (1997) which stated that 
the most composition of nucleotides in a non-coding area 
of chloroplast DNA is adenine and thymine. On the other 
hand, the ratio of transition/transversion was quite high (R 
= 0.92) where the transition/transversion ratio of purine 
(0.004) and the transition/transversion ratio of pyrimidine 
(0.258). Variations appear among one species to another in 
the same genus or different one. 

Sequence variations found in cpDNA sequences were 
generally caused by mutations in a single nucleotide which 
represents mutation that was present and had happened for 
a very long period of time (Fitmawati and Hartana 2010). 
In certain regions, the difference in length sequences of 
trnL-F was caused by mutations (Borsch et al. 2003), 
although the amount of change in this sequence was very 
small compared to the changes in the core genome, but was 
able to provide important information in describing the 
process of evolution because cpDNA was inherited 
maternally or uniparentally where the changes in the 
nucleotide took place for a very long time (Hancock 2003), 
in contrast to the changes on nucleotide base occurred in 
the core of DNA which were recombination of both 
parents. 

The phylogenetic tree presented in Figure 3 was built 
with maximum parsimony and 1000x bootstrap method. 
Neighbour-Joining method (NJ) was also performed to see 
differences in genetic distance and analyze the similarity 
between samples (Figure 3). 

Analysis of phylogenetic trees revealed important 
answers about ancestral traits. Ingroup of genus Bouea was 
separated from outgroup with 100% bootstrap value. This 
separation showed that the sequence of trnL-F Intergenic 

Spacer was really a sequence of genus Bouea. The resulting 
ingroup tree was a monophyletic tree with three main 
groups. The first group was a group of one species, namely 
B. oppositifolia consisting of 7 accessions. The second 
group was also a group of one species, namely B. 
macrophylla consisting of 6 accessions. The third group 
consisted of outgroup namely M. indica and A. occidentale 
(Figure 3). This was consistent with the statement of 
Taberlet et al. (1991) which stated that chloroplast DNA 
was used for the analysis of relationship between species 
but had not been able to separate the intraspecies grouping. 
Figure 3 showed that the ramifications of B. oppositifolia 
and B. macrophylla were separated explicitly, but it was 
not happened on B. macrophylla accession of Ambonese 
(AM) that showed unique characteristic by forming 
separate ramification from both types of Bouea. This was 
presumably caused by the geographic location of Bouea 
accession, which allowed the formation of different and 
specific ecological niches, allowing the occurrence of 
significant changes in sequence base of nucleotide -F trnL 
chloroplast DNA. 

A total of 6 accessions of B. macrophylla and 7 
accessions of B. oppositifolia together formed two main 
branches and were not clustered geographically. Analysis 
of phylogenetic tree based on the sequences trnL-F showed 
that B. oppositifolia was not derived from a common 
ancestor of the area. The apportionment pattern at various 
places could explain that genus Bouea was a native plant in 
western Indonesia. The absence of relationship among 
them was possible because their growing environment was 
isolated, and this state was associated with genetic factors 
that lead to the distance relationship. On the other hand, B. 
macrophylla going into single clad showed a high 
relationship among their members. This can be explained 
that B. macrophylla came from one of the branches derived 
from B. oppositifolia. In this case, B. macrophylla was a 
form of cultivation. This was also supported by 
morphological characters possessed by B. macrophylla 
such as fruit size, bigger leaf size and brighter colors that 
were superior in a character of cultivation. 

 
 
 
 
 

 
 

 
Figure 2. Visualization of PCR products by 1% agarose; AO = A. occidentale, AM = Ambon (B. macrophylla), BA = Banten (B. 
macrophylla), BS = stone cage, West Sumatra (B. macrophylla), KB = Kalimantan Barat (B. macrophylla), SN = Lhoksukon , Aceh (B. 
macrophylla), MI = Mangifera indica, BL = Bangka Belitung (B. oppositifolia), GT = Gunung Tua, North Sumatra (B. oppositifolia), 
KR1, KR2, KR3, and KR5 = Bogor Botanical Gardens (B . oppositifolia), KR4 = Bogor Botanical Gardens (B. macrophylla), SP = 
Sipiongot, North Sumatra (B. oppositifolia) 
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Figure 3. Phylogenetic tree of trnL-F sequences of Bouea and outgroup (A. occidentale and M. indica) which was reconstructed using 
Maximum parsimony methods based on kimura-2-parameter models. Branching analyzed by bootstrap values> 50% of 1000 replicates. 
 
 
 
 
 
 

 
 

 
Figure 4. Phylogenetic tree of sequences trnL-F of genus Bouea and outgroup (A. occidentale and M. indica) as a result of 
reconstructions using a Neighbour-Joining method. Branching was analyzed by bootstrap values> 50% of 1000 replicates. 
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Table 2. Variation in length, AT content, and GC content on trnL-F sequences on Genus Bouea 
 
Sample T C A G Total (bp) %AT %GC 
B. macrophylla (BA) 32.2 22.6 28.8 16.4 451.0 61.0 39.0 
B. macrophylla (AM) 32.4 22.9 28.5 16.2 445.0 60.9 39.1 
B. macrophylla (BS) 31.9 22.2 29.4 16.4 445.0 61.3 38.7 
B. macrophylla (KB) 32.3 22.6 29.0 16.2 452.0 61.3 38.7 
B. macrophylla (KR4) 32.2 22.8 28.9 16.2 426.0 61.0 39.0 
B. macrophylla (SN) 32.1 22.2 29.5 16.3 455.0 61.5 38.5 
B. oppositifolia (BL) 32.2 22.5 29.1 16.3 454.0 61.2 38.8 
B. oppositifolia (GT) 32.1 23.1 28.5 16.3 424.0 60.6 39.4 
B. oppositifolia (KR1) 32.1 22.8 28.8 16.4 452.0 60.8 39.2 
B. oppositifolia (KR2) 32.1 22.8 29.0 16.2 452.0 61.1 38.9 
B. oppositifolia (KR3) 32.2 22.7 28.9 16.1 453.0 61.1 38.9 
B. oppositifolia (KR5) 32.1 22.8 29.0 16.2 452.0 61.1 38.9 
B. oppositifolia (SP) 31.9 22.8 29.0 16.2 451.0 61.0 39.0 
Anacardium occidentale 31.3 22.5 30.2 16.0 457.0 61.5 38.5 
Mangifera indica 33.7 21.5 32.0 12.8 413.0 65.6 34.4 
Average 32.2 22.6 29.2 16.0 445.5 61.4 38.6 
 

 
 
Table 3. similarity coefficient of B. oppositifolia, B. macrophylla, and two outgroups (A. occidentale and M. indica) based on cpDNA 
sequences trnL-F intergenic spacer   
 
 Accession BM AM BM BA BM BS BM KB BM KR4 BM SN BO BL BO GT BO KR1 BO KR2 BO KR3 BO KR5 BO SP AO MI 
BM AM 1.0               
BM BA 0.995 1.0              
BM BS 0.993 0.988 1.0             
BM KB 0.997 0.997 0.991 1.0            
BM KR4 0.933 0.937 0.931 0.935 1.0           
BM SN 0.991 0.986 0.997 0.989 0.929 1.0          
BO BL 0.986 0.982 0.993 0.984 0.929 0.991 1.0         
BO GT 0.929 0.933 0.927 0.931 0.992 0.925 0.925 1.0        
BO KR1 0.993 0.993 0.991 0.991 0.933 0.989 0.988 0.929 1.0       
BO KR2 0.995 0.995 0.988 0.993 0.933 0.986 0.986 0.929 0.997 1.0      
BO KR3 0.997 0.993 0.991 0.995 0.931 0.989 0.988 0.927 0.995 0.997 1.0     
BO KR5 0.995 0.995 0.988 0.993 0.933 0.986 0.986 0.929 0.997 0.999 0.997 1.0    
BO SP 0.993 0.993 0.986 0.991 0.935 0.984 0.984 0.931 0.995 0.997 0.995 0.997 1.0   
AO 0.969 0.973 0.963 0.971 0.912 0.96 0.956 0.908 0.967 0.969 0.967 0.969 0.967 1.0  
MI 0.6 0.602 0.598 0.601 0.554 0.597 0.592 0.55 0.601 0.599 0.597 0.599 0.597 0.613 1.0
Note: BM = Bouea macrophylla, BO = Bouea oppositifolia, AO = Anacardium occidentale, MI = Mangifera indica, AM = Ambon, BA 
= Banten, BS = Sumatera Barat, KB = Kalimantan Barat, KR1-5 = Bogor Botanical Gardens, SN = Lhoksukon Aceh, BL = Bangka 
Belitung, GT = Gunung Tua, SP = Sipiongot 
 
 
  
  

Figure 4 confirmed that B. oppositifolia derived from 
Gunung Tua have a longer clad size. Based on analysis of 
Neighbor Joining can be said that the origin of Old 
Mountain B. oppositifolia older or appear earlier than other 
B. oppositifolia. It also illustrates that B. oppositifolia 
origin Old Mountain is the embryo or the ancestors of 
Bouea in Sumatra. The neighbor-joining tree also revealed 
that this type of genetic distance B. oppositifolia with long 
age older type than the type B. macrophylla. Genus Bouea 
has a closer relationship with A. occidentale compared with 
M. indica is known to have a better resemblance with the 
genus Bouea.  

Diversity indicated by markers cpDNA diversity was 
relatively different from that indicated by morphological 
markers. The pattern that emerges from cpDNA markers 
was not always associated with the resulting pattern of 

morphological markers, and vice versa. This was possible 
because the expression at the level of morphology was a 
result of the recombination of two parents and 
environmental factors. Additionally, gene sequences 
located on the DNA chloroplast experienced a lower rate of 
evolution than that on DNA core (Taberlet et al. 1991). A 
non-coding area had a high mutation rate so it had more 
variations and more informative than that of the coding 
area (Taberlet et al. 1991; Hamilton 1999). 

The result of Neighbour-Joining analysis on figure 4 
showed that B. oppositifolia originated from Gunung Tua 
(GT), North Sumatra had the longest internode and it is 
showed up earlier so it was suspected that B. oppositifolia 
was the ancestor of B. macrophylla. Diversity indicated by 
cpDNA markers could be very different from the diversity 
indicated by morphological markers. The pattern that 



HARSONO et al. – Phylogenetic analysis of Indonesian gandaria 

 

57

emerges from cpDNA markers was not always associated 
with the pattern created by morphological markers, and 
vice versa. Chloroplast was inherited uniparentally or 
passed down through the female parent, while morphology 
was inherited from the two parents through the 
recombination process and was influenced by the 
environment. This was why there were differences in 
morphology and cpDNA grouping. 

Table 3 showed the genetic distance and similarity 
coefficient of B. oppositifolia, B. macrophylla, and two 
outgroups (A. occidentale and M. indica). B. oppositifolia 
had highest similarity coefficient with 0.999, and it was 
among B. oppositifolia originated from Bogor Botanical 
Gardens (KR5) and B. oppositifolia originated from Bogor 
Botanical Gardens (KR2). While, B. macrophylla had the 
highest similarity coefficient with 0.997, and it was among 
B. macrophylla from Banten (BA) and Batu Sangkar, West 
Sumatra (BS) and B. macrophylla from West Kalimantan 
(KB) and also from Lhoksukon, Aceh (SN). The highest 
similarity coefficient of B. oppositifolia with B. 
macrophylla was 0.997 namely B. macrophylla originated 
from Ambon (AM) with B. oppositifolia originated from 
Bogor Botanical Gardens (KR3). 

Based on the results of this study, it could be concluded 
that 6 accessions of B. macrophylla together with 7 
accessions of B. oppositifolia formed two main branches 
and were not clustered geographically. B. macrophylla was 
a form of cultivation of B. oppositifolia. And, B. 
oppositifolia originated from Gunung Tua (GT), North 
Sumatra had the longest internode and was suspected as the 
common ancestor of B. oppositifolia. 
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Abstract. Setiawati T, Mutaqin AZ, Irawan B, An’amillah A, Iskandar J. 2017. Species diversity and utilization of bamboo to support 
life’s the community of Karangwangi Village, Cidaun Sub-District of Cianjur, Indonesia. Biodiversitas 18: 58-64. Bamboo is closely 
related to the lives of Indonesian people, especially in the rural area. Indonesia has a high diversity of bamboo species with multiple 
social, economic, cultural and ecological functions. Village communities have taken advantage of bamboo as a building material, 
furniture, handicrafts, household items, food, and medicine. The objective of this research is to determine the diversity of bamboo 
species in the Karangwangi Village and their role in supporting the daily life of the local community. The method used in this research 
is qualitative descriptive analysis method using ethnobotanical approach. Data collection was conducted with a semi-structured 
interview with local informants, followed by field observation and specimen collection. Bamboo specimens are later morphologically 
observed and identified.  Results of the study shows  that there are 13 species of bamboo in Karangwangi Village, namely Haur Gereng 
(Bambusa blumeana J.A & J.H. Schult), Haur Geulis (Bambusa sp.), Haur Koneng  (Bambusa vulgaris var. Striata), Haur Seah 
(Bambusa vulgaris Schrad Ex. var vittata), Awi Tali (Gigantochloa apus), Awi Hideung (Gigantochloa atroviolacea Widjadja), Awi 
gombong/Awi Surat (Gigantochloa pseudoarundinacea (Steud.) Widjadja), Awi Temen (Gigantochola atter (Hassk.) Kurz.), Awi 
Lengka (Gigantochloa hasskarliana (Kurz.) Backer ex Heyne), Awi tamiyang (Schizostachyum iraten Steud.), Awi Gembong 
(Schizostachyum sp.), Awi Hias (Bambusa glaucophylla Widjadja), and Cangkoreh (Dinochloa scandens (Blume ex Neese) Kuntze). 
These species are used by the community of Karangwangi Village for various purposes, ranging from building materials, handicrafts, 
furniture, food, medicine, to fish poison.  

Keywords: Bamboo, Cianjur, diversity,  Karangwangi, utilization 

INTRODUCTION 

Bamboo is woody perennial grass. It is an important 
multi-purpose plant that grows rapidly and produces a high 
amount of biomass. Bamboo has more than 1,250 species 
that vary in structure and form and occur under widely 
varying ecological conditions in the tropics and subtropics 
or more temperate regions. This plant has multiple uses, 
such as its use in building, for pulp and paper manufacture, 
cottage industries, and household use (Banik 1995). 
Bamboo as a wood substitute material has an advantage, 
that is as fast-growing plant, it can be harvested at the age 
of 4 years (have a short cutting rotation). This means that 
for a certain time unit, bamboo has a high level of 
productivity (Nuryatin 2012). 

Bamboo is a non-timber forest product that has been 
known to be very close to people's lives, especially in the 
rural communities. The diversity of bamboo species in the 
world is around 1250 - 1500 species, while Indonesia only 
has about 10 % or 154 species of bamboo (Batubara 2002). 
The data shows that bamboo is a very abundant resource 
and has high diversity. However, not all bamboo species is 
well known and has been utilized optimally (Nuryatin 
2012). 

Bamboo very closely related to people's lives, 
especially in the rural communities. People make 
household items and livings from this species. The very 
culture of these communities cannot be separated from 
bamboo. This put bamboo in the category of Multipurpose 
Free Species. Bamboo has been used widely for various 
purposes, from as building materials, home furnishings, 
handicrafts, foodstuffs, to medicines (Patel 2005; Tamang 
et al. 2013; Honfo et al. 2015). In addition, bamboo has 
ecological functions and the potential to be the solution of 
environmental problems such as global warming 
(Thokchom and Yadava 2015) as well as social economic 
values (Kelbessa et al. 2000; Lobovikov et al. 2007; Pande 
et al. 2012). According to Widjaja (2004), the fast growth 
rate of bamboo makes it ideal as reforestation plant. 
Furthermore, bamboo produces the highest amount of 
oxygen among other trees. Its ability to absorb carbon is 
also high enough to overcome the problem of CO2 
concentration in the air. Additionally, bamboo serves as 
water purifier that can be used in the remediation of critical 
soil  (Liang 1983; Batubara 2002; Zhou et al. 2005; Mishra 
et al. 2014). 

Karangwangi Village is located in Cidaun District of 
Cianjur Regency, West Java. Based on the classification by 
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Schmidt and Ferguson (1951), the village belongs to the 
type B with the average rainfall of 1840 mm/year. Type of 
vegetation in a climate of type B (wet) is a tropical 
rainforest. The village’s topography ranges from 0 to 250 
meters above sea level (masl). Karangwangi Village is 
directly adjacent to the Bojonglarang Jayanti Natural 
Reserve Area. The existence of this natural reserve affects 
the diversity of flora and fauna in Karangwangi Village, 
including bamboo. Bamboo plays important roles in 
supporting the lives of Karangwangi Village community. 
Thus, the study of bamboo diversity and utilization in the 
village becomes important. 

MATERIALS AND METHODS 

The method used in this research is qualitative approach 
with descriptive analysis and based on ethnobotanical 
approach (Martin 1995; Cunningham 2001; Newing et at 
2011). Data collection was conducted with a semi-
structured interview with informants, followed by field 
observation and specimen collection. Key informants were 
selected as many as 10 people by purposive technique 
consisting of one person head of the village, 3 bamboo 
plantation owners, 3 bamboo craftsmen and 3 sellers of 
bamboo. Specimens of every bamboo species found in 
Karangwangi village were observed and identified by their 
morphological characteristics (i.e. the characteristics of the 
culm, leaves, and buds).  Identification process refers to the 
identification book of bamboo species (Widjaja 2001, 
Arinasa and Peneng 2013). The result of the interview was 
analyzed by cross-checking, summarizing and synthesizing 
from sources in order to build up a narrative account (cf. 
Newing et al 2011).  The location of research can be seen 
in Figure 1.  

RESULTS AND DISCUSSION 

Based on interview and field observation, 14 species of 
bamboo were found in Karangwangi Village. According to 
the local community, there are two kinds of bamboo based 
on their cultivation technique: self-growing bamboo (jadi 
sorangan) and planted or cultivated bamboo (dipelak). 
Self-growing bamboo grows by itself without the 
intervention of a human. This type of bamboo includes 
Haur Gereng, Haur Geulis, Haur Koneng, Haur Seah, and 
Awi lengka. Cultivated bamboo includes Awi Hideung, Awi 
Tali, Awi gombong/Awi Surat, Awi Temen, Awi tamiyang, 
Awi Gembong, and Awi Hias. 

People of Karangwangi Village classify bamboo into 
two names: Haur and Awi. Haur is the bamboo that grows 
wild in the forest and grows by itself on communities land. 
It has the characteristics of small culm and cavity, as well 
as thick flesh. Meanwhile, Awi is the bamboo that is 
planted on people’s land or that grows by itself either in 
fields or forests. Awi has a large cavity and a variety of 
flesh thickness based on the species of the Awi. 

Bamboo plays important roles in supporting the needs 
of the people in Karangwangi Village. This is shown in its 
utilization in various aspects of the community's daily life. 
For example, the use of bamboo as house foundation. 
Bamboo is used because it is cheaper and stronger than 
other woods. In addition, bamboo is also used to make 
household appliances and other tools that assist and 
facilitate people’s livelihood. The Karangwangi village 
community’s knowledge about bamboo is obtained through 
their ancestors (parental learning or vertical cultural 
transmission) (Puri 1997). This community can distinguish 
bamboo species from one another by its cultivation, color, 
culm size, and utilization. Examples of each categorization 
are as follows: by color: Awi Hideung (black bamboo) and    

 
 
 
 
 

 
 
Figure 1. Research location in Karangwangi Village, Cidaun Sub-District, Cianjur District, West Java, Indonesia 
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haur kuning (yellow bamboo); by cultivation: wild or self-
growing (bamboo included in the group of haur) and 
planted or cultivated (bamboo included in the group of 
awi); by culm size (Awi gombong has large culm, while 
Awi tamiyang has small culm); by utilization: Awi 
gombong has strong culm, so it is often used as the 
foundation of the house.  

Thus, unlike biological classification, traditional 
classification of bamboo by Karangwangi Village 
community (folk classification) is based on the cultivation, 
morphology, and utilization of the bamboo species (cf. 
Brush 1992; Iskandar and Ellen 1999). These are some 
bamboo species in Karangwangi Village based on the 
knowledge of the local community: 

Haur Gereng (Bambusa blumeana J.A & J.H. Schult) 
This bamboo is known as Haur Gereng or Awi duri 

(Sundanese) by the community in Karangwangi Village 
because there are spines (duri) on the ramifications (Figure 
2.A). The local community rarely uses this species due to 
the presence of spines on the bottom part of the culms. So, 
people use a taraje (ladder) to cut down the higher part of 
the culm where there are no spines. Besides, this plant is 
only found in the nature reservation site which is protected 
by the government, thus limiting people’s access to it. 
Haur Gereng is commonly used by people in Karangwangi 
Village to make palupuh, a kind of long chair made by 
splitting the bamboo into two parts: the outside of the 
bamboo, which is arranged on top the Palupuh, and the 
inside of the bamboo at the bottom. Moreover, young buds 
(rebung) of Haur Gereng is commonly used as fish poison.  

Furthermore, according to Schroder (2011), this 
bamboo’s culm is often used as construction materials, 
parquets, baskets, furnitures, concrete buttresses, kitchen 
utensils, handicrafts, chopsticks, hats, and toys. Bambusa 
blumeana also serves as raw material for paper pulp and as 
firewood substitute. The young shoots of this plant can be 
eaten as vegetable. This bamboo species also has great 
potential for the rehabilitation of marginal land and can be 
used as living fence and windbreaker on the border of 
agricultural areas, or as erosion preventer along the river. 
This Bamboo also produces a melodious sound, so it is 
often used as a material for making tingklik, a traditional 
music instrument from Bali (Arinasa and Peneng 2013).  

Haur Geulis (Bambusa sp.) 
Bambusa sp. has shiny green stem with very smooth 

surface texture, so people call it Haur Geulis (beautiful 
bamboo) (Figure 2.B). Haur Geulis is an ornamental plant 
and erosion preventer. Additionally, this plant is also used 
as a construction material because its culm is the sturdiest 
among other species of bamboo and is resistant to termites. 
Li (2004) states that bamboo culm’s resistance to parasites, 
such as fungi and borer insects, is determined by its 
chemical composition. One of that composition is starch. 
Starch contained in bamboo is a nutrient for mold growth 
and borer insects. Bamboo with high starch content has 
lower resistance against invading organisms (Liese 2003).  
The sturdiness of bamboo culm is also determined its 
composition of chemical compounds, one of them is the 

rigid lignin. Bamboo consists of about 50-70 % 
holocellulose, 30% pentose, and 20-25 % lignin (Liese, 
l992). In some species, phenolic extract of this plant 
provide resistance to decay and insect attack (Liese 2006). 

Haur Koneng (Bambusa vulgaris Schrad ex. var striata) 
Haur Koneng has sturdy, thick culm. The culm is 

yellow in color with green stripes on each culm segment 
(internode) (Figure 2.C). Thus, this plant is called Haur 
Koneng (yellow bamboo). The community of Karangwangi 
Village uses Haur Koneng only as an ornamental plant. But 
according to the local myths, Haur Koneng is used to 
protect people from the power of black magic (tolak bala). 

In Bali, varieties of yellow culm are preferred than 
varieties of green culm and are used as furniture material. 
But outside of Bali, the green culm varieties are preferred 
by craftsmen. Green culm varieties are also used to make 
cabinets and racks (Arinasa and Peneng 2013). According 
to Wulandari et al. (2013), bamboo buds of B. vulgaris var. 
Striata is widely used by people to treat cancer.  

Haur Seah (Bambusa vulgaris Schrad ex. var vulgaris) 
This bamboo species similar to Haur Geulis, but has 

thinner flesh (Figure 2.D). However, people do not utilize 
this plant because it only grows in the forest of 
Karangwangi natural reserve site. This is related to the 
legal protection of all kinds of organisms in the forest of 
nature reserve. Haur Seah has light-green culm that grows 
upright. Its can reach 16 meters in height or more, 
depending on the fertility of the soil. It grows well in 
riverside land or waterlogged soil (Ekawati et al. 2013). 

Awi Tali (Gigantochloa apus J.A & J.H Schult. Kurz.)  
This species is called Awi Tali because of it use as rope 

for binding. Awi Tali has bright green color (Figure 2.E). 
The culm has flexible structure, has a long fiber and very 
good for binding.  This kind of bamboo at the age of one to 
two years is very good to be used as a material for binding 
because the texture of the fiber and the flesh is still wet, 
flexible and not hardened. According to Arinasa and 
Peneng (2013), Awi Tali has several advantages compared 
to other bamboo, namely flexibility and durability. Flexible 
nature of Awi Tali makes crafters easily form a wide range 
of household products industry. 

This plant’s roots is used to cure diabetes, ulcer, liver, 
hypertension, kidney, breast cancer, spleen, blood cancer, 
and cough. While culm of Awi Tali can be used to 
rejuvenate the skin scars, induce childbirth, and to treat 
wounds (Sujarwo et al. 2010). 

Awi Hideung (Gigantochloa atroviolacea Widjadja) 
Awi Hideung is a species of bamboo that has a green 

culm when young and predominantly black and a greenish 
hue when already mature (ready for harvest) (Figure 2.F). 
According to the local community, Awi Hideung has 
similarities with Awi Wulung are both have black clums, 
but there are differences with Awi Hideung. Awi Wulung, 
when young have a black stem and remain black until 
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adulthood, so many people who think that Awi Wulung and 
Awi Hideung is the same. 

Awi Hideung commonly used to make furnitures such 
as tables and chairs, as well as to give a touch of art to the 
webbing of bilik called matawali, while Awi Wulung used 
to make musical instruments such as the angklung. As 
reported by the Widjaja (2001) that Awi Hideung widely 
used for furniture industrial, bilik, crafts, and traditional 
musical instruments. According to Nuryatin (2000), Bambu 
Hitam is the main component of angklung because it 
produces the most appropriate tone.  

Results of testing on the quality of the voice declares 
that G. atroviolacea (black bamboo) has the best sound 
quality because it has height enough mass density and 
vascular bundles in the stem spread evenly (Nuryatin 
2001). Yani (2012) mentions that Awi Hideung is often 
used for the manufacture of bamboo furniture because it 
has black colour and shiny, more beautiful and gives the 
impression of an exotic and luxurious on these items. 

Awi gombong/Awi Surat (Gigantochloa 
pseudoarundinacea (Steud.) Widjadja)  

Awi gombong has a characteristic green color with lots 
of yellow color line scratch (Figure 2.G). When dry, the 
green color of this bamboo becomes fade and change color 
to yellow. According to local community, the different 
mention of Awi gombong or Awi Surat depending on 
location. Awi gombong has a larger culm than the other 
bamboos, a large cavity diameter with thick and strong 
walls. Because Awi gombong has strong culm, so it is often 
used as the primary choice for the foundation of the house. 
According to Wulandari et al. (2013), bamboo is used for 
building materials, plumbing and traditional musical 
instruments also can be used as raw material for chopsticks. 
Buds of Awi gombong can be cooked as a vegetable. 

Awi Temen (Gigantochola atter (Hassk.) Kurz.)  
Awi Temen or Awi Hejo has a characteristic of the 

slightly-yellowish green culm (Figure 2.H). On each 
internode there are sheats (salumpitan) covering the 
segments of culm neatly. The feature of this bamboo is 
straight culm with size of culm almost the same and shiny 
yellow culm when dry. Awi Temen is widely used as raw 
material in chopsticks industry because it is more easily 
processed by machines than other types of bamboo 
(Arinasa and Peneng 2013). According to Wulandari et al. 
(2013), this bamboo can be used as pillars in a bamboo 
house and to make musical instruments such as calung. 

Awi Lengka (Gigantochloa hasskarliana (Kurz.) Backer 
ex Heyne) 

This bamboo species is also known as bambu sorik or 
Awi Lengka (Sunda). Awi Lengka grows by itself in the 
wild and is found mainly on cliffs, slopes, or riverside. Awi 
Lengka has small culm size and green color (Figure 2.I). 

In West Kalimantan, G. hasskarliana is broadly planted 
on steep hills to prevent soil erosion, whereas in East 
Kalimantan it is used to make baskets. Generally, local 
communities use this bamboo as fence (Drensfield and 

Widjadja 1995). The research of Sujarwo et al. (2010) 
states that G. hasskarliana is considered sacred by the 
community around Puncak Lampu Hyang Luhur, Abang 
subdistrict, Karangasem, and is believed to cure breast 
cancer, insomnia, and heart palpitation. 

Awi tamiyang (Schizostachyum iraten Steud.)  
Awi tamiyang is similar to Awi Lengka and Awi 

Gembong (Figure 2.J). Ancient people often use this awi as 
sumpit, a tool for hunting birds. But, around the 70s, rifles 
and guns for hunting are introduced in this village, stopping 
the use of sumpit. Awi tamiyang is known to the people as 
the bamboo that is most often attacked by pests, and is 
never used as building materials in consecuence. According 
to Widjadja (2001) the culm of Awi tamiyang is widely 
used to make flutes. 

Awi Gembong (Schizostachyum sp.) 
Awi Gembong is a species of bamboo that is only found 

in the forest and never used by the community. The culm 
flesh is very thin, consequently making it unsuitable as a 
building material (Figure 2.K). According to the local 
community, Awi Gembong is close in characterisics to Awi 
tamiyang. This is supported by Widjadja (2001) who stated 
that the identity of this bamboo still needs further study 
because of its similarities with Schizostachyum iraten (Awi 
tamiyang).  

Awi Hias (Bambusa glaucophylla Widjadja) 
This species commonly grows in yards. Its white-

striped leaves are the particular characteristics of this 
species (Figure 2.L). It reaches 5 meters in height 
(Widjadja 2001). The existence of this ornamental bamboo 
was relatively recent. This bamboo species was introduced 
around the year 2000. People utilize this bamboo as 
decoration plant in the front of their houses. The unique 
shape and appearance of Awi Hias make people in 
Karangwangi Village plant it in their yards.  

Cangkoreh (Dinochloa scandens (Blume ex Neese) 
Kuntze) 

This species of bamboo is only found in the forests. 
Cangkoreh has the characteristic of growing vines (Figure 
2.M). According to Solikin (2003), this type of culm 
growth, which is lying or climbing, is a characteristic of 
Dinochloa scandens that is not present in other genus. 
Water from the culm of this plant is traditionally used as 
eye drops and cough medicine.  

This study concluded that the Karangwangi Village 
community has rich local knowledge on bamboo species. 
The bamboo species can be traditionally classified based on 
cultivation and wild growing’, ‘color’, ‘shape of culm’, 
‘leaves’, ‘branches’, and ‘utilization of bamboo’. 
Undoubtedly bamboo plays important roles in fulfilling 
household needs of the people in Karangwangi Village. 
More intensive research on the local knowledge and 
ecology of bamboo species in Karawangi Village is 
urgently needed.   
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Figure 1. Bamboo diversity of Karangwangi Village, Cidaun Sub-District of Cianjur,  Indonesia. A.  Bambusa blumeana J.A & J.H. 
Schult, B. Bambusa sp., C. Bambusa vulgaris Schrad ex. var striata, D. Bambusa vulgaris Schrad ex. var vulgaris, E. Gigantochloa apus 
J.A & J.H Schult. Kurz., F. Gigantochloa atroviolacea Widjadja, G. Gigantochloa pseudoarundinacea (Steud.) Widjadja, H. 
Gigantochola atter (Hassk.) Kurz., I. Gigantochloa hasskarliana (Kurz.) Backer ex Heyne, J. Schizostachyum iraten Steud., K. 
Schizostachyum sp., L. Bambusa glaucophylla Widjadja, M. Dinochloa scandens (Blume ex Neese) Kuntze 
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Abstract. Wakhidah AZ, Silalahi M, Pradana DH. 2017. Inventory and conservation plant of oke sou traditional ceremony; A 
welcoming tradition of maturity girl on the community of Lako Akediri Village, West Halmahera, Indonesia. Biodiversitas 18: 65-72. 
Welcoming ceremony maturity girl (oke sou) is a hereditary tradition from Lako Akediri Village which believed effective in maintaining 
health and beauty of girl. Oke sou ceremony held when the girl gets her first menstruation. This preliminary research aims to document 
plant species used in oke sou ceremonies and to explain conservation behavior of community at Lako Akediri Village towards the used 
plant. The investigation was conducted twice, first on May-June 2014 resumed on October 2014. Ethnobotanical data were collected 
using semi-structured interviews method to a village shaman, traditional elders, and local women (30 respondents). Plant specimens 
collected from its habitat, made herbarium, and then identified. Recorded as many as 88 plant species from 78 genera belonging to 46 
families used by community at Lako Akediri Village in oke sou ceremony. Rice (Oryza sativa L.) is the most mentioned plant by the 
local community (20 respondents). The most widely used families are Fabaceae and Lamiaceae, each family has 7 species. The highest 
source of plant in oke sou ceremony derived from cultivated which in total 37 species (42%). This number represents used plants in oke 
sou ceremony have been widely cultivated by Lako Akediri community. The results of this study will enrich database of local 
knowledge in Indonesia and become source of research object in developing natural ingredients for human welfare. 

Keywords: Conservation, ethnobotany, Lako Akediri Village, oke sou ceremony, West Halmahera 

INTRODUCTION 

Plants utilization by humans had been started since 
beginning of civilization. It is evidenced by the presence of 
some relief at Borobudur temple in Central Java that 
depicting human interaction with plants, such as using 
plants as offering relief, food, and shelter. Walujo (2000) 
said humans are very dependent on plant to maintain their 
viability. Plants utilization by humans include as 
foodstuffs, medicine, building materials, household 
utensils, clothing materials, and traditional ceremonies 
complement (Setiawan and Qiptiyah 2014). 

Plants utilization as traditional ceremonies complement 
still continues today. For example, on implementation of 
several traditional ceremonies in East Java. In Kasada 
ceremony that held by community Tengger village, used as 
many as 16 plant species, including Anaphalis longifolia, 
Oryza sativa, and Cosmos caudatus (Pramita et al. 2013). 
In Sura month welcoming ceremony by community on 
District Nganjuk, used as many as 62 species of plants, 
such as Manihot esculenta, Cananga odorata, and Agathis 
dammara (Ayunintyas and Hakim 2014). Several ceremonies 
in other regions also use a variety of plants, they are 
Sekaten ceremony in Central Java (16 species) (Widiyastuti 
et al. 1998) and traditional rituals by Tajio tribe in Central 
Sulawesi (41 species) (Rahyuni et al. 2013). 

In West Halmahera, especially at Lako Akediri Village, 
there is a traditional ceremony that use numerous variety of 
plants in its implementation, the ceremony name is oke sou. 
Oke sou ceremony is tradition of welcoming maturity girl 
in West Halmahera held when a girl gets her first 
menstruation. This ceremony is led by a woman shaman 
with implementation duration varies between 3, 7 to 9 days 
depending on length of menstruation period and decision of 
the girl's family. 

The plant utilization as traditional ceremonies 
complement will generate management culture of plant 
resources in sustainable manner. As said Utama and 
Kohdrata (2011), local culture certainly shows dependence 
on nature that led to respect attitude toward nature. It 
happens because the local communities believe that 
traditional rituals can run smoothly when needed plants 
complete. Therefore, the local communities will maintain 
an existence of used plant in certain rituals. It proves 
traditional ceremony is wealth of culture that bear positive 
impact on plant conservation-local wisdom (Setiawan and 
Qiptiyah 2014). Based on that view, it is important to study 
and document plants utilization in oke sou ceremony. 
Beside it, the data can be added to ethnobotany database of 
local communities knowledge in Indonesia. 

There are two objectives in this study. First, to 
inventory and to describe used plant species in oke sou 
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ceremony at community Lako Akediri Village in West 
Halmahera. Second, to explain about conservation behavior 
of community toward used plants in oke sou ceremony. 

MATERIALS AND METHODS 

Study area 
The study was conducted at Lako Akediri Village, Sub-

District of Sahu, District of West Halmahera, North 
Maluku (North Moluccas), Indonesia (Figure. 1), on May-  

June 2014 and October 2014. Geographically Lako Akediri 
Village lies on coastal area E 27o22'17.323'' – E 
127o37'5.214" and N 0o58'13.505"–N 1o 8'5.332". Total 
area of Lako Akediri Village is 10 hectares, which located 
at an altitude 31 meters above sea level with average 
rainfall 15 mm/month. The population in 2014 was 344 
inhabitants; 175 males and 169 females, with number of 
households were 85. As many as 98% community at Lako 
Akediri Village come from Sahu tribe, while the rest are 
ethnic immigrants, such as Buton, Bugis, and Sasak (Dirjen 
Bina Pemdes 2011). 

 
 
 
 

 
 
Figure 1.Study site at Lako Akediri Village Sub District Sahu, District of West Halmahera, North Maluku, Indonesia 
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Interview and data collection  
Ethnobotanical data were collected by semi-structured 

interviews method. Interviews were conducted individually 
with key respondents and general respondents. Key 
respondents are people who considered having more 
knowledge about village's history, tradition, and oke sou 
ceremony, they are a woman shaman and village elders. 
General respondent is local woman who ever performed 
oke sou ceremony, with age range of 12-60 years totaling 
30 people. Meanwhile, specimen sample of used plants in 
oke sou ceremony were collected directly from the habitat 
with key respondent. Specimen samples were made 
herbarium, then identified by first author and expert in 
Laboratory of Plant Taxonomy, Department of Biology, 
Universitas Indonesia, Depok, West Java, Indonesia. 

Data analysis  
Data were analyzed using qualitative and quantitative 

approaches. Qualitative analysis aimed to determine 
content of secondary metabolites in some used plants in 
oke sou ceremony. Quantitative analysis was conducted to 
obtain the most widely used plants species and families, 
also conservation behavior of community at Lako Akediri 
Village toward used plants in oke sou ceremony. 

RESULTS AND DISCUSSION 

Originally Lako Akediri Village was called “Lako Ichi”, 
which means estuary. After the Second World War, the 
village name was changed to “Lako Akediri” that means 
estuary of Akediri river. Administration of Lako Akediri 
Village was officially established in 2004. The majority of 
community at Lako Akediri Village come from tribe Sahu, 
but the implemented tradition is from Ternate. Existence of 
Ternate tradition was influenced by Sultan Ternate who 
commissioned the head of customs (vanira) as sultan 
representative on every village in West Halmahera. 

Oke sou ceremony 
In addition to customary traditions, oke sou ceremony 

is held hereditary because believed efficacious for 
maintaining the health and beauty of girl. The health 
benefits contained as relieving menstrual pain, expediting 
menstrual blood, and increasing fertility. While the beauty 
benefits are to deodorize body odor, to soften and brighten 
the skin. 

There are 7 stages on oke sou ceremony,start from 
kasih naik, minum obat, bafufu, kasih turun, jokokaha, 
saro-saro, and baca doa. Each stage uses variying amount 
plants (Figure 2). Minum obat is stage at oke sou ceremony 
that uses the most of plants (66 species). While stages joko 
kaha is the least in using plants (3 species). 

Used plant in oke sou ceremony 
This research showed as many as 88 plant species from 

78 genera belonging to 46 families used by community of 
Lako Akediri in oke sou ceremony (Table 1). The most five 
cited plant species are Oryza sativa L. (20 respondents), 

Pogostemon cablin (Blanco) Benth. (13 respondents), 
Lansium parasiticum (Osbeck) K.C.Sahni & Bennet (11 
respondents), Cananga odorata (Lam.) Hook.F. & 
Thomson (10 respondents), and Cyperus squarrosus L. (10 
respondents). Fabaceae and Lamiaceae are the most widely 
used plants families, which total species on each family is 7 
species. Following by Acanthaceae (6 species), 
Euphorbiaceae (4 species), then Moraceaea, Myrtaceae, 
and Piperaceae with same amount in total species (3 
species) (Figure 3). The rest plant families are only used as 
much as 1-2 plant species. 

Resource of used plant  
Based on interviews with general respondents, reported 

source of used plants in oke sou ceremony divided into 
three, cultivated, ruderal and wild (Figure 4). The highest 
source of used plant derived from cultivated as many as 37 
species (42%), while the lowest source derived from wild 
plants are 23 species (26%). 
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Figure 2. Comparison the number of used plants on each stage in 
oke sou ceremony at Lako Akediri Village, West Halmahera, 
North Maluku, Indonesia 
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Figure 3. Comparison the most widely used plant family in oke 
sou ceremony at Lako Akediri Village, District of West 
Halmahera, North Maluku, Indonesia  
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Table 1. Diversity and resources of used plants in oke sou ceremony that held by community at Lako Akediri Village, West Halmahera, 
North Maluku, Indonesia 
 
Plant families and species Vernacular name Source 
Acanthaceae    

Graptophyllum pictum (L.) Kabi-Kabi Merah Cultivated
Graptophyllum pictum 'Roseum variegatum' Kabi-Kabi Putih Cultivated
Hemigraphis alternate (Burm.f.) T. Anderson Lire Buntal (♀) Cultivated
Hemigraphis rependa (L.) Hall F. Lire Panjang (♂) Cultivated
Justicia gendarussa Burm.f. Gandarusa Wild 
Ruellia simplex C. Wright. Puli Cultivated

Anacardiaceae   
Mangifera sp. Mangga Dodol Ruderal 

Annonaceae    
Annona muricataL. Nangka Belanda Cultivated
Cananga odorata (Lam.) Hook.f. & Thomson Kenanga Ruderal 

Apiaceae    
Coriandrum sativum L. Surai Cultivated

Apocynaceae    
Alstonia scholaris R. Br. Hange Cultivated

Araceae   
Alocasia macrorrhizos (L.) G.Don Kia Ruderal 

Araliaceae    
Nothopanax scutellarium Merr. Daun Mangkok Cultivated

Arecaceae   
Areca catechu L. Pinang Ruderal 
Cocos nucifera L. Kelapa Ruderal 

Asteraceae   
Blumea balsamifera (L.) DC. Madikapu Ruderal 
Wollastonia biflora (L.) DC. Cinga-Cinga Ruderal 

Balsaminaceae    
Impatiens balsamina L. Laka Cultivated

Bombacaceae    
Durio zibethinus L. Durian Ruderal 

Burseraceae    
Canarium amboinense Hoch. Kenari Ruderal 

Caricaceae    
Carica papayaL. Pepaya Cultivated

Clusiaceae   
Garcinia mangostana L. Manggis Wild 

Combretaceae    
Terminalia catappa L. Ngusu Wild 

Commelinaceae   
Tradescantia spathacea Sw. Bia-bia Cultivated

Convolvulaceae   
Merremia peltata (L.) Merr. Koge Wild 

Cyperaceae   
Cyperus squarrosus L. Teki Ruderal 
Scleria sp. Cakagole Ruderal 

Euphorbiaceae   
Homalanthus novoguineensis (Warb.) K.Schum Gidilule Wild 
Jatropha curcas L. Balacai Putih Cultivated
Macaranga tanarius (L.) Same Wild 
Mallotus apelta (Lor.) Müll.Arg. Lufiti Wild 

Fabaceae   
Albizzia saponaria (Lou.) Miq Fau-Fau Ruderal 
Cynometra cauliflora L. Mano Mano Ruderal 
Desmodium gangeticum (L.) DC. Rai-Rai Ruderal 
Pongamia pinnata (L.) Pierre Hatehira Wild 
Pterocarpus indicus Wild. Ligua Wild 
Sesbania grandiflora Pers. Turi Cultivated
Tamarindus indica L. Asam Jawa Ruderal 

Lamiaceae   
Callicarpa rubella Lindl. Ngaai Madudera Ruderal 
Coleus scutellariodes Bth. Mayana Cultivated
Leucas zeylanica (L.) R.Br. Gofu Hairani Ruderal 
Orthosiphon grandifloras Bold. Kumis Kucing Cultivated
Pogostemon cablin (Blanco) Benth. Goro-goro/ Nilam Cultivated
Premna serratifolia L. Gumira Wild 
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Vitex pinnata L. Gofasa Wild 
Lauraceae   

Cassytha cf. filiformis Tali Kuning Ruderal 
Liliaceae   

Allium sativum L. Bawang Putih Cultivated
Lygodiaceae   

Lygodium sp. Gumoho Wild 
Magnoliaceae   

Michelia champaca L. Cempaka Ruderal 
Malvaceae   

Kleinhovia hospital L. Liwui Wild 
Meliaceae    

Lansium parasiticum (Osbeck K.C.Sahni & Bennet. Langsa Ruderal 
Xylocarpus moluccensis (Lam.) M.Rocm Lolesou Wild 

Moraceae    
Ficus cf. ribes Senang Wild 
Ficus fistulosa Reinw. ex Blume Coro Ruderal 
Ficus hispida L. Tagalolo Ruderal 

Myristicaceae    
Myristica fragrans Houtt Pala Ruderal 

Myrtaceae   
Psidium guajava L. Giawas Cultivated
Syzygium aqueum (Burm.f.) Alston Gora Cultivated
Syzygium aromaticum (L.) Merr. & L.M.Perry Cengkeh Ruderal 

Oleaceae    
Jasminum sambac (L.) Aiton Manurung Cultivated
Jasminum officinale L. Gambe Cultivated

Oxalidaceae   
Averrhoa bilimbi L. Belimbing Wuluh Ruderal 

Pandanaceae   
Pandanus amaryllifolius Roxb. Pondak Cultivated

Phyllanthaceae   
Breynia cernua (Poir.) Müll.Arg. Gagilamo Wild 
Phyllanthus sp. Balakama Biji Ruderal 

Piperaceae   
Piper betle L. Sirih Cultivated
Piper nigrum L. Rica Jawa Cultivated
Piper sarmentosum Roxb. Tofure Ruderal 

Poaceae   
Bambusa bambos (L.) Voss Bulu Wild 
Cymbopogon citratus (DC.) Stapf Gramakusu Cultivated
Eleusine indica (L.) Gaertn. Partago Ruderal 
Oryza sativaL. Padi Cultivated
Oryza sativa var. glutinosa Pulo Putih/Hitam Cultivated

Punicaceae    
Punica granatum L. Delima Cultivated

Ranunculaceae   
Nigella sativa Linn. Jinta Hitam Cultivated

Rhamnaceae   
Alphitonia moluccana Teijsm. & Binn. Ex Brais Raurika Wild 

Rosaceae   
Rosa hybrida E.H.L. Krause Bunga Rosi Cultivated

Rubiaceae   
Morinda citrifolia L. Kome Wild 

Rutaceae   
Citrus hystrix DC. Lemon swanggi Cultivated
Melicope latifolia (DC.) T.G. Hartley Sawuyo Wild 

Selaginellaceae    
Selaginella sp. Rutu-Rutu Wild 

Solanaceae   
Physallis peruviana L. Dagameme Wild 

Sonneratiaceae    
Sonneratia alba Sm. Posi-posi/Soki bulat Ruderal 

Zingiberaceae   
Boesenbergia rotunda (L.) Mansf Tumbukunci Cultivated
Curcuma longa L. Kuning Cultivated
Curcuma zanthorrhiza Roxb. Tumbulawak Cultivated
Kaempferia galangal L. Bataka Cultivated
Zingiber officinale Roscoe. Guraka Cultivated
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Figure 4. Comparison the percentage of used plants source in oke 
sou ceremony at Lako Akediri Village, District of West 
Halmahera, North Maluku, Indonesia 

Discussion 
Efficacy oke sou ceremony 

Based on scientific point of view, it has been proven 
efficacious to maintain the health and beauty in oke sou 
ceremony obtained from diversity of used plant. In 
example the use of Zingiber officinale Roscoe, Allium 
sativum L. and Vitex pinnata L. on stages minum obat, 
those plant relieve menstrual pain (Rajith et al. 2012; 
Marliana et al. 2011). According to research Marliana et al. 
(2011), the bark of Vitex pinnata L. contains flavonoids 
(secondary metabolites) that effective to relieve pain. 
Flavonoids which are phenolic compounds, can deactivate 
activity of enzyme cyclooxygenase that cause pain 
(Handayani R, pers. comm. 2015). 

Furthermore, used plants in oke sou ceremony which 
also effective in expediting menstrual blood are Coleus 
scutellarioides Bth. and Graptophyllum pictum (L.) Griff. 
(Dalimartha 2008). Those plants are used on stages minum 
obat and bafufu. Coleus scutellarioides Bth. contain 
tannins, phytosterols, and calcium oxalate which have 
pharmacological effect as laxative menstruation blood and 
eliminating blood clots (Wijayakusuma 2008). 
Graptophyllum pictum (L.) Griff. contains secondary 
metabolites that also effective in expediting menstrual 
blood, for instance glycosides, steroid, saponins, tannins, 
and alkaloids (Dalimartha 2008). 

The efficacy in increasing fertility obtained from 
secondary metabolites content of fruit and flower Punica 
granatum L. that used at stages minum obat and bafufu. 
Punica granatum L. can increase girl fertility with 
maintaining health of reproductive organs (Miguel et al. 
2010). Antioxidants and anti-microbial in this plant, such 
as tannins, effective to overcome inflammation of uterus 
and vaginal discharge (Nauli 2010). Furthermore, 
secondary metabolites in Punica granatum L. such as gallic 
acid, a fatty acid, flavonol, are efficacious to smooth the 
skin by preventing skin from dryness and skin aging (Cho 
et al. 2010). 

Utilization the bark of Lansium parasiticum K.C. Sahni 
& Bennet on the stages kasih naik and kasih turun, is 
efficacious to smooth and to bright the skin. According 
Tilaar et al. (2008), Lansium parasiticum K.C. Sahni & 

Bennet contains hidroetanol extracts that good to 
moisturize and to slow down skin pigmentation. While the 
efficacy scenting the body obtained from Syzygium 
aromaticum (L.) Merr. & L.M. Perry and Myristica 
fragrans Houtt. Both of plants are used on stages minum 
obat and bafufu. Syzygium aromaticum (L.) Merr. & L.M. 
Perry contains essential oils such as eugenol, which 
effacious to warm the body (Kardinan 2005). Myristicin, an 
essential oil content inMyristica fragrans Houtt.useful to 
scent the body (Kardinan 2005). 

Diversity of plants used in oke sou ceremony 
Starting from 88 plant species used, Oryza sativa L. is 

the most cited plant species by community Lako Akediri 
(20 respondents). It is understandable because utilization of 
Oryza sativa L. was found on 4 stages oke sou ceremony, 
those are kasih naik, kasih turun, jokokaha, and saro-saro. 
That plant becomes the most cited plant because 
community of Lako Akediri using it frequently. Oryza 
sativa L. is used as basic material for skin herb on kasih 
naik, mixture material for the hair herb on kasih turun), and 
also as ritual complement on jokokaha, as groceries on 
saro-saro stages. 

Scientifically proven that Oryza sativa L. has benefits 
for skin care and hair health. Based on Handayani R, pers. 
comm. (2015), seed of Oryza sativa L. contains fatty acids, 
licorice, vitamin B3, and B6 which are beneficial to 
brighten skin and to provide a cooling effect. Furthermore, 
part of Oryza sativa L. seed that fat soluble is efficacious to 
soften and to moisturize the skin (Tilaar 1999). This fat 
content is good for maintaining healthy skin and hair. 
Utilization of Oryza sativa L. as ritual complement 
material on jokokaha stages is a hereditary culture 
preserved by the community Lako Akediri. 

Fabaceae and Lamiaceae are the most widely used 
plants family in oke sou ceremony, which total species on 
each family is 7 species. Family Fabaceae is also the most 
cited plant to treat disorders of female reproduction on 
Karnata region, India (Vidyasagar and Prashantkumar 
2007). Tamarindus indica L. is one of Fabaceae species 
used on stages minum obat and bafufu. This plant is 
efficacious to expedite menstruation blood and to 
overcome vaginal discharge (Sa'roni and Nugroho 2012). 

Utilization plants species from family Lamiaceae was 
found on stages kasih naik, minum obat, bafufu, and kasih 
turun. Pogostemon cablin (Blanco) Benth was the most 
cited plant species from Lamiaceae, as many as 13 
respondents on community at Lako Akediri. At oke sou 
ceremony, Pogostemon cablin (Blanco) Benth. used as 
mixture material for skin herb and hair herb. In both these 
herbs, Pogostemon cablin (Blanco) Benth. Has function as 
fragrances. Sahoo et al. (2001) said fragrance leaves of 
Pogostemon cablin (Blanco) Benth. derived from patchouli 
oil that is important element in perfume production. 

Some plant families in oke sou ceremony is only lesss 
used, such as Bombacaceae (Durio zibethinus L.), 
Burseraceae (Canarium amboinense Hoch.), Clusiaceae 
(Garcinia mangostana L.), and Commelinaceae 
(Tradescantia spathacea Sw.). That case is estimated 
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because not many community at Lako Akediriwho know 
plants from the families. It can happen because of the 
plant’s habitat or place to grow is far from settlement areas. 
As revealed by Guimbo et al. (2011), the distance of place 
to grow from settlement is one of reasons the community 
not knowing and not using a plant.  

Conservation behavior of community  
Conservation behavior of the community at Lako 

Akediri can be observed from useful plants quantity that 
have been cultivated by them. A community who have 
been dependent on nature, would has awareness to preserve 
nature intended to survive by itself (Waluyo 2000; Utama 
and Kohdrata 2011). The quantity of used plants in oke sou 
ceremony that have been cultivated (37 species) shows 
community at Lako Akediri still try to preserve the used 
plants in order to maintain oke sou ceremony as hereditary 
tradition. Cultivation of plants is implemented at house 
yard or unirrigated field which its distance approximately 
500 m from the village. Generally, cultivated plants is used 
more frequently than ruderal or wild plants. Besides used in 
oke sou ceremony, cultivated plants also have another 
utility. For example, Citrus hystrix DC. apart from being 
used on three stages oke sou ceremony (kasih naik, kasih 
turun, baca doa), it is used as medicine and spice in 
cooking. Plants derived from the cultivation in example are 
Impatiens balsamina L, Jatropha curcas L, and Psidium 
guajava L. 

Ruderal plant is plant that lives on disturbed natural 
habitat, such as along road sides or former field land 
(Pahan 2006). As many as 32% of plant species in oke sou 
ceremony were obtained from ruderal (28 species). Most 
species are found on former land of unirrigated field and 
the roadside at Lako Akediri Village. Field in Lako Akediri 
Village is not planted by monthly plants, but annual plants. 
The community Lako Akediri prefers annual plants 
because can be harvested many times by a single planting. 
Consequently, a lot of vacant field where can be overgrown 
by wild plants which some isused in oke sou ceremony. 
There are example of ruderal plants, Pluchea indica (L.) 
Less, Canarium Amboinense Hoch, and Ipomoea pes-
caprae (L.) R. Br. 

The next plant resource is from wild habitat. Recorded 
as many as 26% of used plant species which derived from 
wild habitat (23 species). Most wild plants have habitus 
tree which grow in forest near the village. If required, the 
community at Lako Akediri would go into the forest in 
order to get used plants. For example at implemented oke 
sou ceremony which is used various bark of many plants 
that live in the forest. Plants derived from wild habitat in 
example are, Merremia peltata (L.) Merr, Pongamia 
pinnata (L.) Pierre, and Alphitonia moluccana Teijsm. & 
Binn. ex Brais. The community of Lako Akediri do not 
cultivate the wild used plants probably because the 
resources in forest is more than enough to fulfil their daily 
needs. In addition, frequency utilization of wild plants is 
not as often as cultivated plant. As stated by Tabuti (2012), 
desire to do plant cultivation is directly proportional to the 
frequency of use. As higher the plant utilization it will 
influence in making higher the desire to plant cultivation. 

In conclusion, recorded as many as 88 plant species 
belonging to 46 families are used in oke sou ceremony at 
Lako Akediri Village, District of West Halmahera. There 
are two the most widely used families, Fabaceae and 
Lamiaceae. Oryza sativa L. is the most mentioned species. 
Totaling as 37 used plant species (42%) in oke sou 
ceremony have been cultivated by the community at Lako 
Akediri Village. 
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Abstract. Krisnawati A, Adie MM. 2016. Variability on morphological characters associated with pod shattering resistance in soybean. 
Biodiversitas 17: 73-77. Pod shattering is one of the major constraint associated with soybean production during dry season in 
Indonesia. The objectives of the study were to investigate varietal difference of pod shattering and to identify the morphological pod 
characters related to pod shattering. The field study was carried out in Blitar (East Java, Indonesia) during the dry season 2015. 
Morphological traits of pod were studied for their association with pod shattering trait in 30 soybean genotypes. The results showed 
significant differences between genotypes for all characters studied. The degree of shattering varied among genotypes with shattering 
percentage ranging from 2.5% (G511H/Argom//Argom-2-1) to 100% (Grobogan) with mean of 30%.However, among the 30 genotypes 
studied, 13 genotypes were relatively resistant, 11 genotypes moderate, 1 genotype susceptible, and 5 genotypes were very highly 
susceptible. Further path coefficient analysis indicated direct effects of the pod wall thickness and pod length on shattering percentage 
while other causal effects were small. These characters (pod wall thickness and pod length) may play role as determinant factors in pod 
shattering resistance. Therefore, soybean resistance to pod shattering could be enhanced by increasing thickness of the pod wall.  

Keywords: Glycine max, pod characteristics, pod shattering, resistance 

INTRODUCTION 

In Indonesia, soybean is mostly cultivated during the 
second dry season, from June/July until September/ 
October. The typical characteristics of dry season are high 
temperature and low humidity, which adversely affect 
soybean growth and development. One of the major 
constraints to soybean productivity in this growing season 
is pod shattering.  

Pod shattering is the opening of mature pod along the 
dorsal or ventral sutures and followed by seed dispersal 
when the crop reaches maturity and during harvesting 
(Bara et al. 2013). The pod shattering may result from 
external factors such as contact with other pods, racemes, 
or harvesting machinery, which separate the vascular 
connections across the dehiscence zone of pod wall 
(Peterson et al. 1996). The significant yield losses due to 
pod shattering have been reported (IITA 1986; Tiwari and 
Bhatnagar 1991; Tefera et al. 2009; Krisnawati et al. 2015; 
Krisnawati and Adie 2016), ranging from 34% to 100% in 
severe cases. The degree of shattering depends upon the 
time of harvesting, environmental condition, anatomical 
structure of the pod, chemical composition of the pod wall, 
application of plant growth regulators, and genotype 
(Tiwari and Bhatia 1995; Srivastava et al. 1998; Gulluoglu 
et al. 2006; Zhang and Boahen 2010).  

Environmental factors, such as drought stress during 
pod maturation has also been found to result in a weak pod 
structure, leading pod to shatter. Delayed harvesting also 
increased the degree of shattering (Philbrook and Oplinger 
1989; Tukamuhabwa et al. 2002). Other environmental 

factors that could cause pod shattering include low 
humidity, high temperature, rapid temperature changes, and 
alternating wetting and drying (Tsuchiya 1987; Agrawal et 
al. 2002). Tiwari and Bhatnagar (1989) reported that rains 
followed by dry weather at harvest will enhance pod 
shattering. However, among those factors, the genotypic 
characteristics play a major role in the overall expression of 
pod shattering (Bhor et al. 2014). 

Earlier studies have revealed that pod shattering is a 
qualitative heritable trait (Caviness 1969) with multiple 
genes governing the trait (Carpenter and Fehr 1986; 
Tukamuhabwa et al. 2000; Sujata et al. 2012). Mohammed 
(2010) reported that inheritance of resistance to pod 
shattering was under the influence of either duplicate 
recessive or dominant and recessive epistasis depending on 
the parental genotypes used in the cross. A studies of pod 
anatomy (Esau 1977), showed that certain anatomical and 
morphological structures of the soybean pod have been 
recognized as determinant factors within pod shattering 
resistance (Tsuciya 1987; Tiwari and Bhatia 1995; Bara et 
al. 2013; Adeyeye et al. 2014).  

Varietal differences in pod shattering resistance among 
soybean genotypes have been evaluated in various 
countries, and resulted in several soybean genotypes which 
resistant and/or tolerant to pod shattering, such as ‘Bragg’, 
‘PK 416’, and ‘NRC 3’ (Tiwari and Bhatia 1995), ‘JS-
1515’, ‘JS-1608’ and ‘JS-1625’ (Upadhyaya and Paradkar 
1991), ‘TGX 1448-2E’ (Mohammed 2010), ‘Maksoy 1N’ 
and ‘Maksoy 2N’ (AGRA 2014), ‘Glenn’ (VCIA 2014), 
‘JS 335’, ‘JSM 170’, and ‘MAUS 61-2’ (Agrawal et al. 
2003; Bara et al. 2013). Those genotypes could be 



 B IODIVERSITAS  18 (1): 73-77, January 2017 

 

74

potentially utilized as source of genes for pod shattering 
resistance in breeding programs.  

Since pod shattering resistance was reported to be 
associated with morphological, and physiological 
characteristics of the pods, the knowledge on 
morphological and physiological characteristics will 
provide useful information for selection of suitable parents, 
as well as segregating populations for developing soybean 
shattering resistant. 

The objectives of the research were to classify the 
varietal difference of pod shattering and to identify the 
morphological pod characters related to pod shattering.  

MATERIALS AND METHODS 

The field study was carried out in Blitar (East Java, 
Indonesia) during the dry season 2015 (June to September 
2015). The type of soil was Alluvial, elevation of 355 m 
above sea level, and C3 of Oldeman climate type (5-6 wet 
month consecutively). The genetic material consists of 30 
soybean genotypes. The experimental design was arranged 
in a randomized block design with four replicates. Each 
line was planted on 2.4 m × 4.5 m plot size, 40 cm × 15 cm 
plant distance, two plants per hill. Fertilizer of 50 kg ha-1 
Urea, 100 kg ha-1 SP36 and 75 kg ha-1 KCl were applied 
before sowing time. Pests and diseases were controlled 
optimally, and drainage was applied to maintain optimum 
soil moisture. Pod was harvested when 95% of the leaf 
turned yellow in a population. 

The observations on morphological and agronomical 
traits (Tsuciya 1987; Bara et al. 2013) consists of pod 
length (A), pod width (B), width at mid part of pod (D), 
degree of curvature (D/A), pod thickness (C), pod wall 
thickness (E), 100 seed weight, pod wall weight, pod 
weight, and seed weight. The measurements were recorded 
from ten healthy three-seeded pods from five representative 
plants in each replication (Figure 1). 

Screening for pod shattering resistance was done as per 
oven dry method (IITA 1986; Krisnawati and Adie 2016). 
The evaluation of pod shattering resistance was by 
randomly taken a sample of 30 fully matured pods of each 
plot, and kept in oven at 30°C for three days, and then 
elevated up to 40°C for one day, elevated up to 50°C for 

one day, and the last was elevated up to 60°C for three 
days. The number of shattered pods were counted on the 7th 

day and expressed in percentage. The genotypes were 
classified into five categories based on their reaction to pod 
shattering (IITA 1986; Krisnawati et al. 2016). The scoring 
rate was as follows: 1 = No pod shattering (Very 
Resistant); 2 = < 25 % pod shattering (Resistant); 3 = 25-50 
% pod shattering (Moderately Resistant); 4 = 51-75 % pod 
shattering (Highly Susceptible); 5 = > 75 % pod shattering 
(Very Highly Susceptible) 

Data on morphological and agronomical traits of pod 
was subjected to analysis of variance according to the 
procedure described by Gomez and Gomez (1984). The 
data on pod shattering was subjected to arcsine-square-
root transformation before statistical analysis. Direct effect 
of pod morphological characters on pod shattering were 
calculated using path analysis (Singh and Chaudhary 1979). 

RESULTS AND DISCUSSION 

Result 
Mean performance, range of value, standard deviation, 

and the mean square of genotype of traits studied are 
presented in Table 1. All traits showed significant 
differences. A highly significant difference also found for 
pod shattering, indicated the availability of high variation 
in shattering resistance among genotypes. Standard 
deviation of 10 observed traits ranged from 0.01 to 30.05. 
Pod length varied from 3.87 to 5.42 cm with an average of 
4.57 cm, pod width ranged from 4.09 to 6.21 cm with an 
average of 5.45 cm, and width at mid part of the pod 
ranged from 0.79 to 1.01 cm with an average of 0.90 cm. 
The degree of curvature ranged from 0.17 to 0.24 (average 
of 0.90). Pod thickness varied, from 0.98 to 1.29 cm with 
an average of 1.11 cm, and pod wall thickness ranged from 
17.65 to 23.17 µm with an average of 20.15 µm. The seed 
size which measured by the 100 seed weight was highly 
varied, from 7.91 to 23.27 g per 100 seed, with an average 
of 12.40 g. The percentage of pod shattering ranged from 
2.50 to 100% with an average of 34.03%. Pod wall weight 
and pod weight ratio ranged from 26.00 to 39.30 (an 
average of 34.21), meanwhile seed weight and pod weight 
ratio ranged from 60.70 to 74.00 (an average of 65.79).  

 
 
 
 

 
 
Figure 1. Measurement of the pod morphological characters. Pod length (A), pod width (B), and width at mid part of pod (D) were 
measured in cm; Pod thickness (C) was measured in cm; Pod wall thickness (E) was measured in µm  
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Table 1. Mean, range, and standard deviation for observed characters of 30 soybean genotypes in 2015 
 

Parameter Mean Min Max SD Mean Square of genotype 
Pod length (A) (cm) 4.57 3.87 5.42 0.41 0.66734** 
Pod width (B) (cm) 5.45 4.09 6.21 0.53 1.12100** 
Width at mid part of pod (D) (cm) 0.90 0.79 1.01 0.04 0.00753** 
Degree of curvature (D/A) 0.90 0.17 0.24 0.01 0.00074** 
Pod thickness (C) (cm) 1.11 0.98 1.29 0.06 0.01339** 
Pod wall thickness (E) (µm) 20.15 17.65 23.17 1.18 5.52824** 
100 seed weight (g) 12.40 7.91 23.27 2.89 33.4137** 
Pod shattering (%) 34.03 2.50 100 30.05 25.3269** 
Pod wall weight and pod weight ratio 34.21 26.00 39.30 2.50 24.9153* 
Seed weight and pod weight ratio 65.79 60.70 74.00 2.50 24.9153* 
Note: Min = minimal value; Max = Maximal value; SD = standard deviation, * = significant at 1 % probability level (p < 0.01), ** = 
significant at 5 % probability level (p < 0.05), ns = not significant 
 

 
 

Table 2. Direct and indirect effects of pod morphological traits 
with pod shattering percentage in soybean in 2015 
 
Charac-
ters 

X1 X2 X3 X4 X5 X6 X7 r 

X1 3.020 -1.236 -0.261 -1.160 1.237 -0.341 -1.179 0.415
X2 -1.236 2.420 -0.777 0.003 -0.417 -0.087 0.298 0.141
X3 -0.261 -0.777 2.517 -0.372 -0.147 -0.801 -0.721 0.115
X4 -1.160 0.003 -0.372 3.698 -0.968 -1.207 1.962 0.226
X5 1.237 -0.417 -0.147 -0.968 1.719 -0.255 -0.637 0.247
X6 -0.341 -0.087 -0.801 -1.207 -0.255 2.621 -0.018 0.255
X7 -1.179 0.298 -0.721 1.962 -0.637 -0.018 2.353 0.231
Note: X1 = pod length, X2 = pod width, X3 = pod thickness, X4 = 
pod wall thickness, X5 = 100 seed weight, X6 = pod wall weight 
and pod weight ratio, X7 = seed weight and pod weight ratio, r = 
correlation 

 

 
 
Figure 2. Pod shattering resistance of 30 soybean genotypes in 
2015 
 

Soybean genotypes were classified based on their 
reaction to pod shattering into five scoring rate (Figure 2). 
The results showed that the very resistant genotype (no 
shattered pod) was not found in this study. However, a total 
of 13 genotypes were found to be resistant, 11 genotypes 
were moderately tolerant one genotype was highly 
susceptible, and five genotypes were very highly 
susceptible to pod shattering.  

Table 2 showed the direct and indirect effects of pod 
morphological traits associated with pod shattering 
percentage in soybean. The highest correlation coefficient 
was X1 (pod length), that is r = 0.415.The direct effects of 
the pod length (X1) and pod wall thickness (X4) on 
shattering percentage as indicated by path coefficient were 

the highest (3.020 and 3.698, respectively), while other 
causal effects were small. This is indicated that those 
characters were equally important within pod shattering 
resistance. The seed size (measured 100 seed weight) were 
found to be the least important character. 

Discussion 
Soybean variety with resistance to pod shattering 

resistance is most important factor for the improvement of 
soybean, especially in tropics. The Indonesian tropical 
climate is characterized by abundant sunshine, which 
provide an ideal environment for soybeans production. The 
soybean in Indonesia is mostly cultivated during the second 
dry season (June/July to September/October) after paddy, 
which is characterized by high temperature and low 
humidity, hence will increase in pod shattering and 
resulting in significant yield losses. Therefore, it is 
important to develop soybean varieties resistant to pod 
shattering to improve soybean production in Indonesia.  

Morphological and physiological characteristics of the 
pods were reported to be associated with resistance to pod 
shattering, indicated that those characters could be used as 
an indicators for pod shattering selection. In this research, 
characteristics of pod were studied to recognize the 
significant affecting factors. Ten pod characters showed 
significant variation among genotypes in the degree of pod 
shattering. Similar findings were reported by Bara et al. 
(2013), which also found significant variation among 
soybean genotypes in pod length, pod width, width at mid 
part of pod, degree of curvature, pod thickness, pod wall 
thickness, and 100 seed weight. But this result is not in 
agreement with Tsuciya (1987).  

Evaluation of shattering resistance showed that between 
30 soybean genotypes consists of resistant, moderate, 
highly susceptible and very highly susceptible to pod 
shattering. Range of percentage of resistance from 2.50% 
(G511H/Argom//Argom-2-1) to 100% (Grobogan) (Figure 
3). In this research, Grobogan, a popular variety among 
farmers due to its large seed size and suitable for tempeh 
industry (ILETRI 2015) showed a very high susceptibility 
to pod shattering. Some level of resistance to pod shattering 
was reported by Gadde (2006) and Khan et al. (2013). 
However, Krisnawati et al. (2016; data not showed) found 
eight very resistant genotypes.  
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Figure 3. Pod shattering in soybean genotypes: A. 
G511H/Argom//Argom-2-1; B. Grobogan 
 
 

Other researchers also found significant variation in pod 
shattering resistance among genotypes. Zhang and 
Bellalloui (2012) studied soybean shattering resistance 4 
weeks after maturity (WAM), and showed that average 
shattering score of the examined varieties at the four WAM 
was 13.3% with a range of shattering scores from 0% to 
40%. Krisnawati et al. (2015) screened 68 soybean 
genotypes in the laboratory using the oven method, and the 
degree of shattering ranged from zero to 80%. A total of 23 
genotypes were very resistant, 31 resistant, and eight 
moderately resistant, and the rests were highly susceptible 
to pod shattering. Furthermore, Krisnawati and Adie (2016) 
using oven method and field observations to evaluate the 
degree of shattering and found the pod shattering the field 
varies between 1.3 to 42.3 pods, with an average of 18.9 
pods, whereas number of shattered pods in the laboratory 
ranged from 7 to 26 pods (22.2% to 87.2%), with an 
average of 19.3 pods (64.3%). The least shattered pods 
showed by genotypes derived from crossing combination 
of ‘G511H × Anjs-6-5’ (6.8 pods or 22.2%) and ‘G511H × 
Anjs-8-1’ (8.8 pods or 29.4%). Furthermore, a study by 
Bara et al. (2013) found the shattering percentage of 69 
soybean genotypes ranged from 0.6730 to 67.05% with 
mean of 19.11%; and suggested the shattering tolerant 
genotypes of ‘JS 335’, ‘JSM 170’, ‘MAUS 61-2’ as donor 
of shattering resistance in breeding programs. According to 
Bara et al. (2013), the rate of seed shattering will 
accelerated after 7 days, and then enhanced with the age of 
the matured pod. This is in agreement with Krisnawati and 
Adie (2016) which stated that the rate of pod shattering 
increase linearly with days to maturity, and showed a 
significant two weeks after days to maturity. 

Since the anatomical and morphological character of 
pod was considered have important role in resistance to 
pod shattering in soybean, a path coefficient analysis was 
used to quantify the relation between pod shattering with 
pod characters. The highest direct effects were observed 
with pod length and pod wall thickness, suggesting that 
these characters were the most important contributors to the 
pod shattering resistance. These results were supported by 
earlier findings by Tiwari and Bhatia (1995). Overall, three 
anatomical characters (bundle cap length, pod wall 
thickness, and bundle cap thickness) were strongly related 
with predictive value for resistance to pod shattering. In 
addition, Bara et al. (2013) stated that pod wall thickness 

was more reliable as a trait for selection than character of 
pod length, by simple selection procedure. Pod wall 
thickness was considered as an important factor in pod 
shattering resistance. According to Tiwari and Bhatia 
(1995), thick wall was developed from the parenchyma 
cells of the outer most and peripheral side of the vascular 
bundle at the dorsal and ventral sutures of soybean pod, 
resulting a structure which referred as bundle cap. Larger 
and thicker bundle caps would impart more physical 
strength to the pod, and also result in shortened 
parenchyma at the center of the sutures, thus limiting the 
degree to which the clefts may enlarge prior pod shattering.  

In Indonesia, soybean variety with pod shattering 
resistance is not available. The existing varieties resistant 
to pod shattering were derived from the adaptation trials. 
Hence, it is important to develop soybean varieties with 
pod shattering resistance to prevent yield losses. The initial 
step in breeding for pod shattering resistance is 
identification of sources of resistance for use in 
hybridization program, as well as the identification of 
characters that may use as selection indices.  

To conclude, the findings of the present study indicated 
that pod wall thickness and pod length are two key factors 
associated with pod shattering resistance. These traits could 
potentially serve as selection criteria to pod shattering 
resistance. Moreover, soybean resistance to pod shattering 
could be enhanced by increasing thickness of the pod wall. 
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Abstract. Khan MS. 2017. Effect of forest composition on bird species abundance in tropical dry deciduous forest: A case of Bhimbandh 
Wildlife Sanctuary, India. Biodiversitas 18: 78-85. The tropical dry deciduous forest (TDDF) with 38.2% of total forest cover in India 
forms the largest forest type of India. TDDF have been managed for centuries in the Indian subcontinent. However, so far it is not clear 
how different forest compositions and structures influence the abundance and the distribution patterns of faunal species vice versa. To 
provide further insights in this respect, we analysed how different habitat variables influence the abundance and diversity of forest birds. 
The difference in relative species abundances and habitat separation between forest specialist and generalist birds was also investigated. 
Different classes of bird density were discriminated with habitat variables. In general, it was found that higher bird densities were 
concentrated in the lower tree and shrub densities and diversities, however, high grass density and diversity with low tree density and 
diversity favoured the overall high bird density. Results further indicate the positive association of relative density of specialist bird 
species with the high grass density and diversity and low tree density and diversity. Specialists occurred in the lower relative densities 
(0.75±0.68) than that of generalists (0.86±0.69) and were found restricted to dense, pristine woody forest patches with high tree diversity.  

Keywords: Bhimbandh Wildlife Sanctuary, birds, Forest Composition, India, Tropical Dry Deciduous Forest 

INTRODUCTION 

Extending over 24.9 million hectares of land in Punjab, 
Haryana, Uttar Pradesh, Bihar, Jharkhand, Chhattisgarh, 
Orissa, Madhya Pradesh, Rajasthan, Gujarat, Maharashtra, 
Andhra Pradesh, Karnataka, and Tamil Nadu states of 
India, the tropical dry deciduous forest (TDDF) forms the 
38.2% of total forest cover in country (Champion and Seth 
1968). This largest forest type of India is developed in the 
area with low and seasonal rainfall that is 70-100cm/annum 
and most of the rain received during monsoon season 
(June-September). Therefore the ability to drop the leaves 
in deciduous trees helps in avoiding the water loss during 
dry seasons.  

TDDF have been managed for centuries in the Indian 
subcontinent (Kumar 2008). However, so far it is not clear 
how different forest compositions and vegetation type (i.e. 
tree, shrub or grass) influence the abundance and the 
distribution patterns of faunal species and vice versa. Most 
of the ornithological research in the tropical region were 
focused in tropical rainforests. In contrast to tropical 
rainforests, TDDFs have received little attention with 
respect to ornithological research (Herzog and Kessler 
2002) and habitat conservation (Sanchez-Azofeifa et al. 
2005). TDDFs provide suitable habitats for most terrestrial 
birds, and the type of vegetation is a vital component of 
their life cycle (Koli 2014). Therefore the composition of 
bird species is highly related to the vegetation structure of 
forests (Robertson and Hackwell, 1995). Understanding the 
level to which forest habitat factors influence faunal 
species’ distribution is an essential step for successful 

conservation of forest biodiversity and for the development 
of appropriate forest land management (Scarascia-
Mugnozza et al. 2000).  

There is broad consensus among the experts that birds 
being eye-catching and sensitive towards environmental 
changes are the most suitable biological indicators for 
monitoring the health of an ecosystem (Gregory et al. 2003, 
Khan et al. 2013). Ecologically, birds are of tremendous 
importance because of their key roles as pollinators and 
agents of seed dispersal (Bibi and Ali 2013). A simple bird 
survey (biological monitoring) can tell, simply and directly, 
the condition of living systems in a landscape of interest. 
Such knowledge is more direct and integrative than 
information which comes from a chemical or physical 
testing, which is merely about a site’s contamination status 
(Khan et al. 2013). Different abundances, compositions and 
modus vivendi of bird communities may influence the 
modus operandi of a terrestrial ecosystem. The effects of 
bird communities on the ecosystem and vice versa do not 
operate in isolation but are context dependent, being 
conditioned by other factors, such as availability of food, 
shelter, and human interference. 

The association of birds with their habitats has been 
essential to know for understanding the influence of biotic 
interactions on bird species distributions (Wiens 1989; 
Jankowski et al. 2013). Vegetation provides infrastructure 
for terrestrial avian habitats and provides cues that guide 
habitat selection (Lee and Rotenberry 2005), as well as 
food and substrates used for shelter, foraging (Robinson 
and Holmes 1984) and breeding. Likewise, many plants 
also depend on birds for pollination and seed dispersal (van 
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Schaik et al. 1993). The correspondence between avian 
assemblages with vegetation composition and types is well 
studied in temperate regions (Lee and Rotenberry 2005, 
Fleishmann and Mac Nally 2006). On the contrary, the 
association of bird and plant communities in tropical 
regions is poorly studied (Khan and Pant 2016), although 
generally the type and structural complexity of habitats are 
known to influence avian diversity and composition 
(MacArthur and MacArthur 1961; Terborgh 1985; Jayapal 
et al. 2009). Also, understanding the diversity and structure 
of bird communities is essential to delineate the importance 
of regional and local landscapes for avian conservation 
(Kattan and Franco 2004). 

In order to fill some of these gaps of knowledge and to 
enable the local managers to make informed decisions, a 
study was conducted in the Bhimbandh Wildlife Sanctuary 
(BWS) Bihar, India. Across the investigated gradient, 
following questions were addressed:  (i) What are the 
habitat variables that determine the high, medium and low 
densities and diversities of birds in the tropical dry 
deciduous forest? (ii) What is the difference in bird 
abundances and habitat choices by the forest specialist and 
generalist bird species?  

MATERIALS AND METHODS 

Study area 
BWS lies between 25° 55’ and 25° 15’ North (Latitude) 

and 86° 15’ and 86° 33’ East (Longitude) in the state of  

Bihar (India) and extends over an area of 680.94 Km2 
(Figure 1). The BWS is situated in the lower portion of 
Gangetic plains near to northeast bio-geographical region, 
therefore it shares the wildlife species of both the regions, 
which makes the sanctuary a unique ecosystem with a wide 
diversity of wildlife species (Khan et al. 2016). 
Unfortunately, the ecosystem of the sanctuary is vulnerable 
due to the high pressure of several illegal anthropogenic 
activities such as mining, deforestation, poaching etc. The 
high density of human population around the BWS further 
worsen the situation. In the present scenario, the sanctuary 
is almost an isolated patch of forest which is highly 
infested by the left wing extremism and facing a potential 
threat of habitat destruction (Khan et al. 2016). Instead of 
having the exceptional biological importance the sanctuary 
has never been explored with regards to avifauna diversity 
and status. The study was designed particularly to form the 
baseline data for conservation and management planning of 
the sanctuary (Khan and Pant 2016).  

Data collection and analysis 
The present study was carried out in a limited 

timeframe during 2013-14 in BWS. Most of the core area 
of the sanctuary was inaccessible due to Left Wing 
Extremists. This resulted in no sample plots being laid in 
affected areas like Paisra and Gurmaha forest beats of the 
sanctuary. The avian population was assessed through open 
radius point count method for a fixed time of 20 min/point 
(n=162). The points were chosen randomly in different 
forest microhabitat types of BWS with a minimum in 

 
 

 

 

 
Figure 1. Location map of Bhimbandh Wildlife Sanctuary (Bihar), India showing different forest ranges 
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Table 1. Equal classes of bird species diversities and densities 
 
Groups  Bird diversity Bird density (birds/km2) 
1 1.30-1.70 600-5733 
2 1.71-2.10 5734-10866 
3 2.11-2.50 10867-16000 
 
 
 
between distance of 250 m to avoid double count of the 
same individual bird. At each point, bird species and their 
respective distance from the observer were recorded, using 
binoculars (7×35) as an optical aid. Authentic field guides 
on Indian birds such as Ali and Ripley (1987), Grimmett et 
al. (1999) and Kazmierczak (2000) were used for the 
purpose of proper species identification. Corresponding to 
every point count plot, a square plot of 20m x 20m size was 
laid to collect detailed information on tree composition. 
Nested within each of these plots, plots of 5m x 5m were 
laid for shrub data and one plot of 1m x 1m size for herbs 
and grasses. For each plot, the species diversity was 
calculated using PAST software (Version 3.02; Hammer et 
al. 2001) whereas the density was estimated by dividing the 
total number of individuals to the area in Microsoft Excel 
2013. 

Discriminant function analysis (DFA) was used to 
investigate the habitat differentiation by different classes of 
birds’ density and diversity. The plots were grouped into 
three equal classes of bird species diversities and densities 
(Table 1). Discriminant analysis has built a predictive two 
model for group membership for different classes of birds’ 
density and diversity respectively. Each model is composed 
of two discriminant functions based on linear combinations 
of the predictor variables that provide the best 
discrimination between the groups.  

The bird species with at least 70% of its occurrence 
restricted in one undisturbed habitat and specific feeding 
habits were classified as forest specialist birds and the 
remaining as generalists. Those species that are strongly 
associated with one micro-habitat of forest and are very 
particular about their food items were classified as 
specialist species and forest generalists are those birds that 
mainly use forest but also other non-forested habitats and 
were quite open for their food. Independent sample t-test 
was performed to examine the difference in habitat choices 
and bird abundances between generalist and specialist 
species (Zar 1984; Khan and Pant 2016). 

RESULTS AND DISCUSSION 

The TDDF of BWS is dominated by Shorea robusta 
with the abundant occurrence of other tree species that is 
Madhuca indica, Odina wodier, Buchnania latifolia and 
Terminalia tomentosa. Amongst the shrubs, Wringhtia 
tomentosa, and Carissa caranda are to be most dominant 
while in herbs Euphorbia hirta is dominant and amongst 
grasses, Cyperus rotundus is most common. The forest of 
the sanctuary supports 123 terrestrial bird species 

belonging to 48 families. Amongst these, 120 species are of 
Least Concern category and three species namely 
Alexandrine Parakeet Psittacula eupatria, Blossom-
Headed Parakeet Psittacula roseate, and Lagger Falcon 
Falco jugger belong to Near Threatened category of IUCN 
(IUCN 2015). Some bird species are shown in Figure 4. 

The multivariate statistic of Wilks’ Lambda varies from 
0-1, it is a product of the values of (1- canonical 
correlation2). The larger values of Wilks’ Lambda indicated 
the lower discriminatory ability of the functions. The 
associated chi-square statistics tested the null hypothesis 
that the means of functions listed are equal across the 
groups. In other words, chi-square statistics tested the null 
hypothesis that the functions have no discriminatory 
ability. In the case of bird diversity, the chi-square statistics 
failed to reject the null hypothesis (Table 2).  

DFA resulted in the correct classification of only 45.7% 
and 35.7% of cases of bird density and diversity 
respectively. It produced two sets of two discriminant 
functions (DFs) accounting 68% and 32% variance in the 
case of bird density and 85.5% and 14.5% variances in the 
case of bird diversity (Table 3). In table 3, the standardized 
coefficient showed the comparative account of variable 
measured on different scales. In general coefficients with 
large absolute values correspond to variables with greater 
decimating ability. The Discriminant loadings of 
discriminant functions represented the correlations between 
the observed variables (the six continuous discriminating 
variables) and the dimensions created with the unobserved 
discriminant function (DF). For bird density the 
discriminant function (DF) 1 can be seen as an indicator of 
a gradient of increasing Tree and shrub diversities with 
decreasing grass diversity. DF 2 indicates high Tree and 
shrub densities with low grass density. For bird diversity, 
DF 1 is found associated with high tree and grass 
diversities whereas DF 2 represents decreasing tree density 
and increasing densities of shrub and grass and shrub 
diversity (Table 3). 

A study of the Discriminant loadings of discriminant 
functions (Table 3) and the relative location of the group 
centroids against the two extracted functions indicated the 
occupancy of medium bird density group (5734-10866 
birds/km2) higher along the gradient, indicated by the DF 2, 
whereas the occupancy of low bird density group (600-
5733 birds/km2) along the gradient is indicated by the DF 1 
(Figure 2). The high bird density group (10867-16000 
birds/km2) occupies the lower portion of both DF 1 and 2. 
In figure 3, the bird diversity group can be seen occupying 
from higher to lower sector of DF 1 with lower (1.30-1.70), 
medium (1.71-2.10) and higher (2.11-2.50) bird species 
diversity groups (Figure 3). The location of the diversity 
group centroids along the central value of DF 2 indicates 
the lesser discriminating ability of the DF 2 for Bird 
species diversity groups (Figure 3). 

The results showed that the specialist bird species 
tended to be located in less fragmented and less disturbed 
landscapes than generalists. Specialists occurred in the 
lower relative densities (0.75±0.68) than that of generalists 
(0.86±0.69) and were found restricted to dense, pristine 
woody forest patches with high tree diversity (Table 4). 
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Their habitat also included higher density (95.94±107.87) 
and diversity (1.44±0.50) of grass species (Table 4). On the 
other hand, generalists were found to be associated with 
degraded habitat patches around these woody forests. Their 
habitat was characterised by the higher density (0.88±0.80) 
and diversity (0.92±0.46) of shrubs (Table 4). 

Discussion 
Floral and faunal species composition together with 

abiotic factors characterises the habitat of a site (Montague-
Drake et al. 2009, Brown et al. 2010). The habitat quality 
of a site, represented by the attributes such as the spatial 
extent of habitat patch, its connectivity with nearby habitat 
patches and composition of vegetation, has consistently 
been found to have an important influence on the 
population size, persistence, distribution and dispersal of 
faunal species (McGarigal and Cushman 2002, Fahrig 
2003, Radford and Bennett 2004, Bennett et al. 2006, 
Lindenmayer et al. 2010, Boscolo and Metzger 2011). 

The relationships between the forest composition and 
bird species abundance is intimate and regular occurring; 
so much so that (i) the two are co-existing, (ii) together 
they form a self-sustainable community called as biotic 
association, (iii) Neither plant nor bird assemblage can 
survive independently of one another, (iv) the geographic 
distribution of many of the plants and bird species which 
make up the assemblages are in general correspondence 
and (v) The species composition of the association over its 
range, varies no more widely, relatively speaking, than 

would an assemblages of plant alone (Vestal 1914). 
Therefore understanding the relationship of forest 
composition i.e. classes of plants diversity and density and 
type (e.g. tree, shrub or grass) with birds may enable more 
accurate predictions of bird species abundance and 
distributions. Despite the importance of these measures, no 
study has yet examined the relationship between them 
within the tropical forest in Indian sub-continent, which 
holds both highest species richness and the highest 
numbers of threatened taxa (Wilson 1992, Anon 2000). 

The species diversity and ecosystem resilience have 
been found positively correlated in many studies (Khan and 
Pant 2016). Presently, there is consensus among 
ornithologist that a lesser number of species are required 
for ecosystem functioning under constant conditions and 
that a larger number of species is probably necessary for 
maintaining the stability of ecosystem processes in 
changing environments (Loreau et al, 2001). Local 
abundance and habitat limitation both are an important 
correlate of extinction risk of species (Pimm 1988). Low 
local abundance is believed to be played an important role 
in the case of local extinction of the species due to 
demographic and stochastic environmentally hazardous 
events (Diamond 1984; Pimm 1991; Caughley 1994). 
Whereas habitat-restricted species are more prone to 
extinction from habitat loss (McKinney 1997). The species 
using a wide variety of habitats should be better able to 
survive certain habitat changes than species that are 
confined to a few habitat types (Goerck 1997). 

 
 
 
 
 

 
 
Figure 2. Habitat discrimination among the three bird density 
(birds/km2) groups. Centroid 1 represents 600-5733 birds/km2 
group, centroid 2 represents 5734-10866 birds/km2 group, and 
centroid 3 represents 10867-16000 birds/km2 group. 
 

 
 
 
 
 
 

 
 
Figure 3. Habitat discrimination among the three different bird 
species diversity groups. Centroid 1 represents 1.30-1.70 group, 
centroid 2 represents 1.71-2.10 group, and centroid 3 represents 
2.11-2.50 group 
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Table 2. Multivariate statistic of Wilks’ Lambda associated with chi-square 
 
Population parameters Test of discriminant function Wilks' Lambda Chi-square Degree of freedom Sig. 
Bird density 1 through 2 0.893 142.083 12 <0.001 

2 0.964 46.154 5 <0.001 
Bird diversity 1 through 2 0.985 19.609 12 0.075 

2 0.998 2.86 5 0.722 
 

 
 

Table 3. Discriminant function properties, standardized canonical discriminant function coefficients, and discriminant loadings of 
discriminant functions 
 

Variables Bird density Bird diversity 
Discriminant function 1 Discriminant function 2 Discriminant function 1 Discriminant function 2 

% Variance 68 32 85.5 14.5 
Canonical correlation 0.271 0.19 0.115 0.048 
 
Standardized canonical discriminant function coefficients 
Tree density 0.15 0.379 0.135 -1.04 
Tree diversity 0.77 0.216 0.581 0.653 
Shrub density -0.015 0.712 0.44 0.494 
Shrub diversity 0.23 -0.201 -0.278 0.087 
Grass density 0.461 -0.417 -0.374 0.039 
Grass diversity -0.883 0.506 0.559 -0.108 
 
Discriminant loadings of discriminant functions 
Tree density 0.448 0.546* 0.516 -0.706* 
Tree diversity 0.613* 0.455 0.738* -0.011 
Shrub density 0.003 0.593* 0.273 0.505* 
Shrub diversity 0.205* 0.014 -0.189 0.191* 
Grass density 0.166 -0.203* -0.009 0.201* 
Grass diversity -0.383* 0.376 0.583* 0.014 
Note: *Largest absolute correlation between each variable and any discriminant function 
 
 

 
Table 4. Differences in habitat choices and bird population parameters between forest specialist and generalist bird species 
 

Variables Specialist Generalist t Sig. Mean SD* Mean SD* 
Birds relative density 0.75 0.68 0.86 0.69 -1.230 0.219 
Tree density 0.16 0.13 0.15 0.12 1.026 0.305 
Tree diversity 1.60 0.56 1.34 0.71 3.741 <0.001 
Shrub density 0.80 0.78 0.88 0.80 -0.869 0.385 
Shrub diversity 0.87 0.49 0.92 0.46 -0.867 0.386 
Grass density 95.94 107.87 75.36 95.56 1.761 0.078 
Grass diversity 1.44 0.50 1.34 0.56 1.512 0.131 
Note: *SD=Standard deviation 

 
 

 
Specialist species are expected to found in the forest 

habitats that are relatively more towards its climax stage of 
ecological succession, whereas generalist are the species 
that favoured by the initial or intermediate stage of 
ecological succession in a forest advancing towards 
its climax community (Futuyma and Moreno 1988; Kassen 
2002; Marvier et al. 2004; Ostandard and Ehrlen 2005). 
Any natural or man-caused activity that pushes back the 
climax stage of succession through habitat degradation 
would negatively affect specialists is predicted by niche 
evolution theory. Hence, emerging evidence suggests that 
specialist species across taxa are declining throughout the 

world (Julliard et al. 2004). Forest specialist species 
primarily required a significant area of forest habitat, apart 
from other needs regarding forest structure and 
composition, whereas the generalist species are not much 
choosy about habitat selection, they occur in other non-
forest habitats more frequently than specialist species (Gil-
Tena et al. 2007). Since the shrub-dominated areas were 
majorly distributed in narrow strips alongside the forest 
fringe or around human settlements in BWS, therefore, 
support the higher abundance of a generalist (Edge species) 
(Table 4).  
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Figure 4. Some bird species in Bhimbandh Wildlife Sanctuary (BWS) of Bihar, India. A. Scaly thrush Zoothera dauma, B. Orange 
headed thrush Zoothera citrina, C. Laggar Falcon Falco jugger, D. Jungle owlet Glaucidium radiatum, E. Great Tit Parus major, F. 
Brown Headed Barbet Psilopogon zeylanicus 
 
 

 
Different classes of bird density were discriminated 

with habitat variables. In general, it was found that higher 
bird densities were concentrated in the lower tree and shrub 
densities and diversities, however, high grass density and 
diversity with low tree density and diversity favoured the 
overall high bird density (Figure 2). Results further indicate 
the positive association of relative density of specialist bird 
species with the high grass density and diversity and low 
tree density and diversity. Keeping the unfortunate fact in 
the mind that in the present scenario, the ecosystem of 
BWS cannot achieve its climax community due to the 
prevalent anthropogenic disturbances. Hence, most of the 
old forest patches are experiencing the successional 
dynamics in response to natural disturbances such as fire 
and to human-caused disturbances such as uncontrolled 
grazing and logging. In this scenario, the specialist bird 
species have chosen the best available habitat that suits 
their ecological requirements.  

The location of the group centroids of bird diversity 
(Figure 3) nearer the central value indicates the weaker 
relationship between bird and vegetation communities or 
low explanatory power of vegetation structure or 
composition of bird species diversity. In this condition, one 
should expect greater flexibility in bird-vegetation 
interactions.  

Forest fire is the major human-caused disturbance, 
influencing species composition and shaping the character 
of a forest community in BWS. It has long played an 
important role in the development of vegetation in the 
region. Accumulated dry lichens and fungus on the 

branches of trees, and dry dead grass and organic debris 
serve as a fuel for the forest fire during dry summers (in 
May-June). There are only two sources of ignition i.e. 
lightning and human. The incidents of dry lightning 
(without rainfall) are very rare in BWS. Most of the time 
the fires are caused by the ignorant forest dwellers through 
accidental ignition of fuel. In many cases, the forest fire 
were found to be set intentionally as well, because fires 
induce fresh blades of grass which are succulent and 
preferred by the cattle. Similarly, minor forest produce 
(especially Mahua and Kendu) collectors also at times put 
forests on fire intentionally. Damage to plants depends 
upon the intensity of the fire and the susceptibility of plants 
to heat. Shallow-rooted grasses and shrubs are more 
vulnerable to fire than deep-rooted trees. The areas of high 
grass and shrub abundances having good density and 
diversity of birds are also more susceptible to caught fire. 
Therefore, it is important to take strict management 
measures to stop incidental ignition of fire and its 
spreading into the forest.  

The studies such as this, which are based on field data, 
have implicit limitations that may affect the accuracy and 
predictive capacity of models. The variations in forest 
composition, vegetation density, and diversity on temporal 
and spatial scale characterised the landscape. Low 
vegetation density areas may not necessarily representative 
of low vegetation density areas before they were cleared or 
disturbed. The increased probability of species occurrence 
with the increased availability of proximal vegetation 
provides an opportunity to benefit biodiversity by 
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incorporating the restoration and afforestation of 
contiguous degraded land into conservation strategies. 
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Abstract. Widawati S, Suliasih. 2017. The effect of Azotobacter inoculation on shallot plants (Allium cepa) and availability of 
phosphate in the saline soil. Biodiversitas 18: 86-94. Azotobacter is diazotrophic bacteria having character as Plant Growth Promoting 
Rhizobacteria (PGPR). It provides growth hormones such as IAA, ACC-deaminase, N and P nutrients. The objective of the research was 
to determine the effect of Azotobacter inoculation on the growth and yield of shallot crops and the availability of P in saline soil. The 
experiment design was a Completely Randomized Design with the factorial pattern. The first factor was the source of water, freshwater 
and sea water. The second factor was the source of inoculants:  (i). No inoculant (control), (ii). NPK fertilizer, (iii). Azotobacter paspali, 
(iv). Azotobacter chroococcum, (v). Azotobacter sp.1, (vi). Azotobacter sp.2, and (vii). Mixed inoculants consisted of Azotobacter 
paspali, Azotobacter chroococcum, Azotobacter sp.1, and Azotobacter sp.2. All treatments were repeated four times. The results showed 
that mixed inoculation, caused better growth and higher yield of shallot crops compared to single Azotobacter in saline soil. Inoculation 
of Azotobacter chroococcum on “Tuk Tuk” cultivar shallot reduced plant sensitivity to salinity up to 4.19 dS/m, improved the growth 
and shallot bulbs (101.28 g/pot). The Azotobacter maintained its population up to 106 cfu/g of soil during PMEase activity at 0.170 
µg/mL p-nitrophenol/h and dissolved Phosphate at 0.898 ppm until post-harvest. The highest activity of PMEase and highest availability 
of P in the soil were during flowering and post-harvest and were obtained from the treatment of mixed Azotobacter at a population 
density of 106 cfu/g of soil.  

Keywords: Azotobacter, shallot, salinity, dissolved P, PMEase 

INTRODUCTION  

Salinity caused low productivity along the coastline 
area of Indonesia. In other situation, the rice fields and 
open lands are increasingly narrowed in line with the 
increasing population. Salinity stress will seriously lead 
environmental degradation in the future due to its negative 
effect on soil fertility and productivity. Falkenmark (2013) 
reported that by 2050, the extent of saline soils would 
continue to get higher and higher, accompanied by 
declining of water resources. 

Salinity is an abiotic stress indicated by the high 
content of NaCl (3.5%) as the cause of the destruction of 
soil structure and low aeration and permeability 
(Candrabarata 2011). Abiotic stress also affects soil 
productivity for the survival of functional bacteria in the 
soil and the growth and yield of the plant (Hussain et al. 
2008). Saline condition supply a soil with high dissolve 
ionic compounds (Na+, Mg2

+, K+, Cl+, SO4
2-, HC03

-, and 
CO3

2), decrease or lower of osmotic pressure, and result in 
the deficiency of some metal elements Fe, Cu, Zn, and Mn 
elements (FAO 2005). The phenomenon causes an 
imbalance of nutrients and the occurrence of oxidative 
stress (Hussain et al. 2008).  Another indication of salty 
soil is the increasing of calcium (Ca) element which effects 
in soil P availability (Malik et al. 2013) and N mineral 
deficiency (Zahran 1999). In addition, the salinity also 
affects soil enzyme activities (Siddikee et al. 2011), which 

could indirectly affect plant growth. Considering the 
importance of N and P nutrient for growth and crop 
production,  field crops and paddy fields with these 
minerals deficiency are faced an obstacle for optimization. 
Nutrients are absorbed only in the form of soluble 
phosphate ion (Pi), HPO4

2-or H2PO4-. Most of P is provided 
in the form of an organic and inorganic compound. Thus 
only a few part of soluble P (1 mg/kg or less) is available 
for plant growth (Richardson et al. 2009). 

One of the solutions to optimize plant growth in the 
saline soil is to develop activity of soil bacteria that 
produces N, P, ACC-deaminase, and Indole-3-Acetic Acid 
(IAA). The soil bacteria usually live independently, and a 
large number of bacteria normally live in the rhizosphere, 
and are often called as a group of Plant Growth Promoting 
Rhizobacteria (PGPR) (Biswas et al. 2000). Bacteria which 
are included in PGPR and used throughout the world to 
increase crop productivity are Bacillus, Enterobacter, 
Burkholderia, Acinetobacter, Alcaligenes, Arthrobacter, 
Azospirillum, Azotobacter, Beijerinckia, Erwinia, 
Flavobacterium, Rhizobium and Serratia (Bharti et al. 
2013). One of the bacteria (Azotobacter) from PGPR group 
is being fertilized in the saline land. The method to use 
Azotobacter conventionally is an effective technology 
(Higa and Parr, 1994; Sergey et al. 2013). Early, Wang et 
al. (2003) tried to use it by using genetic engineering 
methods, but the results were not optimal. Furthermore, 
other researchers like Sapsirisopa et al. (2009), Singh et al. 
(2011), Nia et al. (2012), Dodd and Perez-Alfocea (2012), 
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Nautiyal et al. (2013), and Ramadoss et al. (2013) re-
utilized functional bacteria with PGPR quality and as 
potential biofertilizer on crops in the saline field. 

Azotobacter is diazotrophic bacteria of 
Gammaproteobacteria classes with aerobic quality. It is 
free-living bacteria and able to fixate nitrogen from the 
atmosphere. The bacteria can thrive on many mediums 
having no nitrogen by utilizing natural nitrogen for 
synthesizing its cells protein (Hindersah and Simarmata 
2004). The another ability of Azotobacter is to produce 
hormones of gibberellins, cytokinins (Hindersah and 
Simarmata 2004), IAA (Egamberdieva et al. 2013), and 
compounds of antibiotic and siderophore that are useful to 
suppress pathogenic activity (Glick, 1995). Furthermore, it 
can also produce enzyme of 1-aminocyclopropane-1-
carboxylase ACC-deaminase to reduce the level of 
ethylene growth in plant root (Yildirim et al. 2006). 
Azotobacter can also be useful as a plant growth promoters 
(Maor et al. 2004) and help the plant to be tolerant to 
extreme soil conditions such as the soil with high salinity 
(Pliego et al. 2011). 

Azotobacter can be developed to facilitate the growth of 
crops in saline soils (Hayat et al. 2010) and may help the 
plants resistance to the high salinity environment (Berg et 
al. 2013). The group of bacteria has activity in the 
rhizosphere and they share a common spatial interface with 
various plants (Turan et al. 2006). The effect of this 
Azotobacter-plant connection in the soil is a beneficial 
mutual interaction. 

Azotobacter will mediate the decomposing process of 
organic materials such as cellulose, amylose, and other fat 
and protein-rich substances into smaller organic and 
inorganic substances used by plants (Nurosid 2008). They 
supply plants by synthesizing some specific compounds  
(Dobbelaere et al. 2003) and facilitates absorption of 
certain nutrients from the soil (Çakmakçi et al. 2006). It 
also reduces or prevents the plant from soil-borne disease 
(Guo et al. 2010) as well as assist decomposition, nutrient 
mobilization, mineralization, storage of nutrients and 
water, nitrogen fixation and denitrification. Sometimes, it 
can dissolve phosphate and converts insoluble soil 
phosphate compound into dissolved form  (Pradhan and 
Sukla 2005). 

Azotobacter inoculation has succeeded in restoring 
unproductive environment into productive one in various 
places, thus increasing the growth and results of various 
plants (Li et al. 1999). It was proved that the application of 
Azotobacter in the field had saved 20 kg N/ha to increase 
the yield up to 1.24 tons/ha (Sattar 2010). The application 
of Azotobacter on “Tuk Tuk” shallot cultivars in saline 
environments is still lacking. Thus the recent research used 
the cultivar as the plant material. Shallot (Allium cepa L.) is 
one of the featured horticultural crops and much needed by 
the human in their daily lives. The need of shallot is 
increasing in line with rising world population in recent 
times. Almost all cuisines need it, that it becomes a 
commodity with good prospects at present and in the 
future. Another reason is that shallot production from some 
production centers like Brebes, Tegal, and Cirebon has 
been declining. Thus Indonesia must import the commodity 

from China. This situation happened because the shallot 
fields suffering from saturated chemical fertilizer, so the 
soil health and productivity decreases.  

The activity of Azotobacter which is saline tolerant is 
expected to help to solve the problem of shallot growth in a 
saline environment. The objective of the study was to 
determine the effect of Azotobacter inoculation on the 
growth and yield of shallot crops and the availability of P 
in saline soil. The hypothesis is that the mixture of 
Azotobacter can provide better growth and yield of shallot 
crop rather than that of single Azotobacter in the saline soil 
environment.   

MATERIALS AND METHODS  

Preparation of Azotobacter inoculant  
The inoculants are Azotobacter isolated from the rice 

fields in Panikel beach area, Kampung Laut Sub-district, 
Cilacap District, Central Java, Indonesia (S 7º 40' 0"; E 
108º 55' 0") (Table 1). The isolation process to get the 
Azotobacter from sample ground was by leveled soil 
dilution technique (101-107). Furthermore, soil extract (0.2 
mL) in dilution of 103, 105, and 107 was planted in Petri 
dish containing selective Mannitol Ashby media (Subba 
Rao 1994). Based on Bergey's Guidelines for Systematic 
Bacteriology (Tchan and New 1984), the obtained bacteria 
was purified and identified by observing all morphological 
characters (cell form: coccus, rod, short rod), 
positive/negative Gram, movement, and cells (motile, spore 
formation, single, paired or chain). A careful investigation 
has successfully identified some bacteria in sample soil 
consisting of Azotobacter paspali bacteria, Azotobacter 
chroococcum, Azotobacter sp.1, and Azotobacter sp.2. 
Furthermore, all bacteria were tested in the Laboratory of 
Environmental Microbiology, Research Center for Biology, 
Indonesian Institute of Sciences. The test results showed 
that four Azotobacter turn out to be tolerant to NaCl 3% 
and positively produce IAA and ACC deaminase. 
Furthermore, each bacterium was made to become 
inoculant by culturing them in liquid Mannitol Ashby 
medium. Inoculated medium was incubated on a rotary 
shaker at room temperature for five days. Inoculants were 
harvested after bacteria density reached 108 cfu/mL. It was 
injected into carrier material in the form of sterile compost 
with a ratio of 100 g of compost to 60 mL of liquid 
inoculants. Furthermore, the bacteria were incubated until 
the cell density reaching 108 cfu/g of sterile compost. 

Inoculating Azotobacter on shallot plants 
The shallot seeds of "Tuk-tuk" non-hybrid cultivar were 

sown in trays with planting medium by a mixture of soil 
and sterile compost with a ratio of 1: 1. Seeds were spread 
in the tray and covered with a mixture of soil and sterile 
compost, then doused with water slowly until moist. The 
tray was placed in the shade for one month. Furthermore, 
planting was conducted using polybag filled with 5 kg of 
soil. One-month-old shallot seed was transferred into the 
polybag and each polybag planted with three plants. As 
they became vigorous, and then screened them out until 
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only a plant/pot remains. Watering the plant with fresh 
water (300 mL/pot) should be done on a daily basis 
throughout the pot and the pot was watered with sea water 
(salinity = 3.5%) every two days by treatment with a 
volume of 300 mL/pot. Azotobacter inoculation was given 
two times at the planting and flowering period according to 
the treatment, namely 20 g/pot. Fertilizer of NPK (16-16-
16) was given to plants with fertilizer schedule (4 g/pot), 
then was given again (1 g/pot) on 15 dap and 30 dap (days 
after planting) embedded into the ground. A pot experiment 
was arranged and placed in Research Center garden for 
Biology, Indonesian Institute of Sciences, Cibinong. The 
experiment was conducted using Completely Randomized 
Design (CRD) with a factorial pattern. The first factor was 
Watering, consisting of (i). Freshwater, (ii). Sea water. The 
second factor was inoculation consisted of (i). Non-
inoculant, (ii). NPK fertilizer, (iii). Azotobacter paspali 
inoculant, (iv)  Azotobacter chroococcum inoculants, (v). 
Azotobacter sp.1 inoculants, (vi). Azotobacter sp.2 
inoculants, (vii). Mixed inoculants (all Azotobacter). All 
treatments were repeated 4 times. The observed parameters 
were plant height, leaf number, dried weight of leaves, and 
dried weight of shallots bulbs. Yields were calculated 
statistically by using SPSS software and significant 
differences of treatment were determined by Duncan’s test 
(p<0.05). 

Soil analysis in flowering and post-harvest period 
Soil analysis was performed in the Laboratory of 

Environmental Microbiology, Research Center for Biology, 
Indonesian Institute of Sciences, Cibinong, Bogor, West 
Java, Indonesia. The analysis included the activities of 
PMEase enzyme, soil P solubilization, chemical analysis 
and soil bacteria population in the period of flowering and 
post-harvest. Analysis of PMEase activity and P 
solubilization (dissolved P) in the soil were done in 
accordance with the method of Tabatabai et al. (1969) and 
method of Olsen et al. (1954). While chemical analysis of 
the soil (C, N, C/N ratio, P, Na), salinity level, and sums of 
the bacterial population in the soil follows the method of 
Rowell (1994), Follett et al. (1981), and Vincent. (1992). 
Yields were calculated statistically by using ANOVA 
within SPSS software and significant differences of 
treatment were determined by Duncan’s test (p<0.05) 

RESULTS AND DISCUSSION 

Inoculating Azotobacter on shallot plants 
Single and mixed Azotobacter inoculants, as well as 

NPK fertilizer on the growth and yield of shallot in the soil 
environment flushed with fresh water (non-saline) and the 
soil watered by sea water (saline), are statistically 
significantly different (Table 1). 

Compared to controls, there were significant 
differences (p<0.05) in many parameters except for the 
plant height, i.e. the number of leaves, dried weight of 
leaves and dried weight of shallot bulbs. The number of 
leaves and dried weight of leaves respectively ranged 
between 5.00-11.75 leaves/pot and 1.12 to 3.15 g/pot, 

while dried weight of shallot bulbs ranged from 53.73-
109.76 g/pot. The highest number of leaves, dried weight 
of leaves, and dried weight of shallot bulbs were obtained 
when shallot plants inoculated with mixed Azotobacter 
inoculant and watered with fresh water, 11.75 leaves/pot; 
3.15 g/pot; and 109.76 g/pot. It was followed by the plants 
inoculated by A. chroococcum flushed with fresh water 
(9.80 pieces/pot; 3.08 g/pot; 100.09 g/pot) and next, by A 
chroococcum watered with sea water (9.75 pieces/pot; 3.10 
g/pot; 101.28 g/pot), and the last, by mixed Azotobacter 
watered with sea water (10.75 pieces/pot; 3.13 g/pot; 
102.00 g/pot).  

The data summary indicates that compared to control 
plants which watered with fresh water, mixed Azotobacter 
inoculation with a sprinkling of fresh water to the shallot 
crop has an increased percentage of the number of leaves, 
dried weight of leaves and dried weight of shallots bulbs 
amounted to 80.8%, 59.1%, and 42.6%. While compared to 
control plants watered with sea water, mixed Azotobacter 
inoculation watered with sea water on shallot crop had an 
increased percentage of the number of leaves, dried weight 
of leaves and dried weight of shallot bulbs by 115%, 
179.5%, and 89.8%. Other parameters such as the dried 
weight of shallots result obtained the balanced result in 
between treatments in the saline and non-saline 
environments. The result of this study showed that, 
compared to control plants and plants fertilized with NPK, 
inoculation with saline-resistant bacteria such as 
Azotobacter have improved the growth quality of shallot 
plants in non-saline (flushing with fresh water) and saline 
(flushing with sea water) soil environment. The results also 
indicate that providing mixed Azotobacter inoculation was 
more profitable than the individual one. This may be 
caused by inoculation of each Azotobacter contained in the 
mixed Azotobacter that can work simultaneously to jointly 
improve dried weight of plants and shallot crops in non-
saline and saline soil. Nevertheless, the results of this 
research have discovered a single bacterial activity 
(Azotobacter chroococcum) that positively helps the plants’ 
growth and yield. Those bacteria are saline-tolerant 
bacteria, capable of producing IAA and ACC-deaminase 
and the PGPR bacteria group.    A. chroococcum bacterium 
is capable of associating with the roots of shallot crop, thus 
reducing negative impact caused by the saline soil 
environment. Jamil et al. (2006) reported that plants with 
saline-sensitive roots would hamper the growth of the 
plants. Some shallot plants will suffer from irregular 
growth due to salinity (Putri 2008). This is due to 
disruption of work systems (photosynthesis, stomatal 
conductance) in the plant (Golpayegani and Tilebeni 
2011).  

Koswara (2007) assumed that shallot bulbs productivity 
is affected by the environmental condition, its variety, and 
seeds quality being used. Actually, "Tuk-tuk" shallot which 
had been treated with inoculation by A. chroococcum in the 
saline environment (3.09 dS/m) was quite reliable. It could 
be seen from the net dry weight of shallot bulbs at saline 
soil, i.e., 101.28 g/pot. This result was much higher that the 
research result proposed by Akhwan et al. (2012) which 
used inoculation + guano on sand media and salinized with 
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sea water (21.4-22.8 dS/m) and resulted shallot net dry 
weight by 17.21 g; It was also higher than the result of the 
research on Bima variety carried out by Koswara (2007)  
by 22.3 g/crop; on Ampenan variety by 24.6 g/crop; on 
Garut variety by 18.40 g/crop; and on Bangkok variety by 
16.90 g/crop. This number was even higher when being 
compared to the other plant which were treated with the 
inoculation by using Azotobacter at saline soil, such as 
eggplant which was watered with NaCl 1000 mg/L (65%) 
during the research performed by Bintoro (1983) and 
eggplant crop which was watered with sea water, of which 
the result showed that these crops resulted in nothing 
(Suliasih and Widawati 2016).  

According to Christensen et al. (2007), the growth rate 
and the crop harvest on the saline environment depend on 
crop/plant variety and saline stress period. The success of 
the other researchers on the different crop treated with 
PGPR inoculation around saline environment, can be found 
on mustard green (Asghar et al. 2002), peanut (Khalid et al. 
2004), cucumber, peppers, and tobacco (Kidoglu et al. 
2008), rice (Ashrafuzzaman et al. 2009); wheat 
(Egamberdieva and Kucharova 2009), tomato (Tank dan 
Saraf 2010), black pepper, and banana (Maleki et al. 2010), 
chickpea (Patel et al. 2012), corn (Rojas-Tapias et al. 
2012). However, contrary result were obtained by such 
typical PGPR inoculation in saline soil which could not 
boost the crop growth rate when applied on soybean plant 
(Essa 2002), string bean (Al Mutawa 2003), kidney bean 
(Rabie dan Almadini 2005), peanut (Mensah et al. 2006), 
wheat (Egamberdieva 2009), rice (Xu et al. 2011), and corn 
(Khodarahmpour et al. 2012).  

The increase and the decrease in the plant growth and 
harvest rate, indeed, were influenced by the role of the 
inoculation of Azotobacter as PGPR, but its work 
mechanism cannot be completely understood. However, the 
service provide by nitrogen-fixing bacteria activity, 
especially genus of Azotobacter holds their important role 
in soil fertility (Fischer 2007), since they can improve N 
nutrient substance (Tejera et al. 2005) and P nutrient 
substance (Farajzadeh et al. 2012) which may be absorbed 
by plant root, thus it can boost the plant growth 
(Richardson et al. 2009), especially shallot. The other 
reason, Azotobacter, especially Azotobacter chroococcum 
can produce phytohormones, such as gibberellin, auxin, 
cytokinin, IAA in saline environment (Hayat et al. 2010), 
and active metabolic cyst which can be formed under 
unprofitable environment and it also becomes an essential 
part of the implementation of Azotobacter strain in various 
environment (Daiz et al. 2010). Therefore, the use of 
rhizobacteria which are saline tolerant, such as Azotobacter 
paspali, Azotobacter chroococcum and Azotobacter sp.1 
and Azotobacter sp.2 bacteria have given such advantage in 
boosting the plant growth in Saline environment, as the 
inoculation on saline soil shows positive impact towards 
plant growth and output. 

Soil analysis during flowering and post-harvest  
The analysis of the Azotobacter inoculation on 

dissolved phosphate, PMEase enzyme activity, soil 
chemical properties, and also a population of bacteria 

during flowering and post-harvest was shown in Tables 2, 3 
and 4. The activities of PMEase enzyme and dissolved P in 
soil being planted with shallot were measured twice, during 
the flowering period and post-harvest period (Table2). 

The bacteria activities of Azotobacter sp.1, Azotobacter 
sp.2, Azotobacter paspali, and Azotobacter mix in soil 
being watered with fresh water and sea water during the 
flowering period and post-harvest period, resulted in higher 
level of PMEase enzyme and dissolved P contents in the 
soil when being compared to controlled treatment. There 
were significant differences at p<0.05. 

The highest soil PMEase activity is generated by soil 
being treated with inoculation of Azotobacter mix bacteria 
and watered with sea water, i.e. 0.522 µg/mL p-
nitrophenol/h (on flowering period) and decreased into 
0.316 µg/mL p-nitrophenol/h (on post-harvest period), 
while, in soil had been watered with fresh water, the 
number became 0.507 µg/mL p-nitrophenol/h (on 
flowering period) and then decreased into 0.261 µg/mL p-
nitrophenol/h (on post-harvest period). The same results 
also happened on dissolved P content in soil, of which it 
resulted in average dissolved P value between 0.01-1.461 
ppm (on flowering period) and 0.237-1.679 ppm (on post-
harvest period). The highest dissolved P value was reached 
on soil being treated with inoculation of Azotobacter mix 
and watered with both sea water and fresh water by 1.465 
ppm during the flowering period and by 1,461 ppm and 
1,146 ppm during post-harvest period. These research 
results were very low when being compared to the research 
result offered by Widawati and Suliasih (2016), in which 
the activities of Azotobacter chroococcum B4 have a 
capability in producing PMEase enzyme and dissolved P 
by 455.85 µg/mL p-nitrophenol/h and 3.4 ppm in saline 
soil. The results may be affected by the different ability of 
Azotobacter in producing organic acid such as succinate, 
acetate, propionate, glyoxylic, fumaric, oxalic, lactic, and 
ketoglutarate (Illmer and Schinner, 1992). The organic acid 
production produced by this kind of bacteria highly affects 
the production level of PMEase enzyme and then the 
production level of PMEase enzyme influences the 
production level of dissolved P (Linu et al. 2009). PMEase 
enzyme plays an important role towards the mineralization 
of organic P into inorganic P which is needed by crops, as 
well as by soil microorganism to conduct their activity 
(Linu et al. 2009).  

The research result showed that the content of PMEase 
enzyme and dissolved P would increase gradually during 
the flowering period and decrease gradually during 
maturation period (fertilization period) and it continued to 
happen until post-harvest period (Table 2). This result was 
supported by the research result generated by Linu et al. 
(2009), which showed that the decreased activities of 
PMEase enzyme and dissolved P during maturation period 
(towards the harvest period). So, it was proven that the 
tolerant saline nitrogen-fixing bacteria (Azotobacter 
paspali, Azotobacter chroococcum, Azotobacter sp.1, dan 
Azotobacter sp.2) being isolated from the saline 
environment (Panikel, Kampung Laut, Cilacap) was 
effective in the PMEase enzyme activity and the dissolving 
of P-bound into dissolved P for the crops.  
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Table 1. Effect of Azotobacter activity on the growth and yield of onion in freshwater and saline environment  
 

Treatments Parameters 
Source of 

water Inoculants Plant height 
(cm) 

Number of leaves 
(leaf/pot)  

Leaf dry weight 
(g/pot) 

Dry weight of shallot 
bulbs (g/pot) 

Freshwater  Control 37.75  a 6.50  ab 1.98  abcd 76.99   abc 
Fertilizer of NPK 45.50  a 9.50  abc 2.63  bcd 100.38  bc 
Azotobacter paspali 41.25  a 7.75  abc 2.29  abcd 92.97   bc 
Azotobacter chroococcum 44.00  a 9.80  bc 3.08  cd 100.09  bc 
Azotobacter sp.1 38.25  a 6.75  ab 2.32  abcd 93.68   bc 
Azotobacter sp.2 44.00  a 9.50  abc 3.04  bcd 90.88   bc 
Mix inoculants 40.50  a 11.75 c 3.15  d 109.76  c 

      
Sea water Control 36.00  a 5.00  a 1.12  a 53.73   a 

Fertilizer of NPK 42.75  a 9.50  abc 2.65  bcd 96.60   bc 
Azotobacter paspali 38.50  a 7.25  abc 1.75  abc 79.99   abc 
Azotobacter chroococcum 41.00  a 9.75  bc 3.10  cd    101.28  bc 
Azotobacter sp.1 37.75  a 9.00  abc 1.67  ab 66.80   ab 
Azotobacter sp.2 39.00  a 6.25  ab 1.99  abcd 89.96   bc 
Mix inoculants 44.75  a 10.75 bc 3.13  cd 102.00  bc 

Note: The number followed by the same letter are not significantly different at (p<0.05) level of Duncan’s test 
 
 
 

Table 2. Effect of Azotobacter inoculant on phosphatase enzyme (PMEase) and soluble P in soil 
 

Treatments PMEase enzyme 
 (µg/mL p-nitrophenol/h) Dissolved P (ppm) 

Source of water Inoculants Flowering After harvest Flowering After harvest 
Freshwater  Control 0.352 b 0.111 b  0.447 b 0.326 c 

Fertilizer of NPK 0.448 cdef 0.224 fg 0.886 g 0.543 e 
Azotobacter paspali 0.465 cfg 0.184 f 0.884 fg 0.437 d 
Azotobacter chroococcum 0.477 fg 0.232 g 1.212 h 0.837 g 
Azotobacter sp.1 0.403 c 0.170 ef 0.960 g 0.148 b 
Azotobacter sp.2 0.446 cdef 0.157 de 0.813 f 0.371 cd 
Mix inoculants 0.507 gh 0.261 h 1.365 i 1.146 h 

      
Sea water Control 0.224 a 0.112 a 0.237 a 0.016 a 

Fertilizer of NPK 0.407 cd 0.136 cd 0.706 e 0.729 f 
Azotobacter paspali 0.422 cde 0.103 ab 0.526 bc 0.557 e 
Azotobacter chroococcum 0.477 fg 0.170 ef 1.169 h 0.898 g 
Azotobacter sp.1 0.453 def 0.119 bc 0.614 d 0.657 f 
Azotobacter sp.2 0.440 def 0.103 ab 0.534 cd 0.830 g 
Mix inoculants 0.522 h 0.316 i 1.365 i 1.461 i 

Note: The number followed by the same letter are not significantly different at (p<0.05) level of Duncan’s test 
 
 
 
 

Azotobacter paspali, Azotobacter chroococcum, 
Azotobacter sp.1, and Azotobacter sp.2 bacteria were able 
to dissolve P-bound from calcium phosphate by 17.67%, 
161.52%, 37.36%, 19.46%, respectively. Seshadri (2002) 
reported that phosphate solubilizing bacteria being isolated 
from the wet ecosystem and has high salinity (coastal 
ecosystem) was able to dissolve P by 30% from the 
phosphate zinc bound, 19% from calcium phosphate, and 
18% from tricalcium phosphate. Farajzadeh et al. (2012) 
reported that Azotobacter has the capability to dissolve 
inorganic phosphate compound into its organic form, 
especially for Azotobacter chroococcum bacteria which has 
a potency to dissolve P (Tejera et al. 2005). Those reports 
strongly support the evidence of this research result, which 
showed that Azotobacter, especially for Azotobacter 
chroococcum bacteria, had effective PMEase activity thus 

it can provide dissolved P in soil. According to Kothari et 
al. (1990), the increase and the decrease of the activity of 
PMEase enzyme and dissolved P depend on the bacteria 
population in soil (Table 3).  

Based on Table 3, it could be seen that the Azotobacter 
inoculation in saline soil with bacteria population density 
of 108 cfu/g of soil, was evidently effective in increasing 
initial number of soil bacteria of 101 cfu/g of soil (initial 
population) into 105 cfu/g of soil (after fostered by NPK) 
and into 105-106 cfu/g of soil (after inoculated by 
Azotobacter) during post-harvest period. These results 
showed that the bacteria being treated with inoculation was 
able to adapt and survive saline soil with the higher 
population number of 7.6 x 105 cfu/g of soil (on flowering 
period) and 7.6 x 106 cfu/g of soil (on post-harvest period). 
The bacteria population in soil, indeed, had not met soil 
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fertility index. According to Obaton (1977), fertile soil, at 
least, must contain bacteria population by 107 cfu/g of soil. 
Decreased bacteria population in sample pot of shallot 
might be caused by higher soil salinity level which limits 
Azotobacter life. Another possibility is the association of 
Azotobacter has not fitted with its crop type. Whipps 
(2001) reported that the bacteria population is influenced 
by type and number of plant growing in certain habitat 
since the plant roots will release certain nutrition which 
will benefit in boosting the growth of active bacteria 
population in the rhizosphere of the plant. The similar 
result was also reported during the experiment performed 
by Kaushik and Sethi (2005), which suggested that the 
increase of soil salinity will decrease nitrification bacteria 
population (Azotobacter) in the soil of rice plant 
experiment pot. Meanwhile, Garcia and Hernandez (1996) 
in Yildrim et al. (2006) stated that salinity may lead into 
higher osmotic pressure. Thus it will influence microbe 
growth activity, except saline tolerant bacteria.  

Four Azotobacter isolates being inoculated into shallot 
and being examined in the saline environment, showed the 
decrease of bacteria population, but they still effectively 
boosted shallot growth and PMEase and dissolved P 
activities. Hayat et al. (2010) stated that the population of 
saline tolerant bacteria in soil holds prominent role to 
improve soil quality, since this kind of bacteria functioned 
as the facilitator of plant growth in saline soil. These 
bacteria may also build the molecular mechanism to 
survive and grow along with the increasing salinity level 
(Tripathi et al. 2002).   

The above statements considerably support the results 
generated from this study. It proved that Azotobacter 
endured the salinity with the population density of 106cfu/g 
of soil and could still boost shallot growth as well as 
PMEase and dissolved P activities in the saline soil 
environment.  

It is not only the salinity and other factors which have 
been mentioned above that limit bacteria population growth 
in soil, but according to Nihorimbere et al.  (2011) and 

Heydarnezhad et al. (2012), the availability of organic 
materials such as macro and micro elements in soil also 
limit the bacteria growth in soil (Table 4). 

Table 4 shows the result of soil chemical analysis on 
macronutrient such as C, P2O5 which categorize very high 
soil chemical criteria, N and CN ratio which in medium 
position and Na as the micronutrient which had a very low 
percentage. While the content of non-saline and saline soils 
during post-harvest period on nutrient C, N, CN ratio, 
P2O5, and Na were 3.71-8.40% (high-very high), 0.31-
0.49% (moderate), 10-19 (moderate-very high), 0,71-0.98 
ppm (very high), 0.02-0.08% (very low). According to 
Buckman and Brady (1982), the content of C, N, P205, and 
Na elements in normal soil should not exceed 5%, 0.75%, 
0.1 ppm, and 1%. High salinity soil will contain high ion 
Na+ and Cl-and it can end in the lack of micronutrient 
availability (FAO 2005) such as Na. Kucey (1983) 
assumed that high and low level of macro and micro 
nutrients (inorganic) in saline soil, especially C, had very 
high impact on the activity level of phosphatase enzyme 
(PMEase) which may lead to the high level of availability 
of P in soil. Nitrogen (N total) and dissolved P (P2O5) 
elements may be available in saline soil due to Azotobacter 
activity which is inoculated into the saline soil. Rojas-
Tapias et al. (2012) reported that PGPR from Azotobacter 
strain will increase the phosphorus intake in various 
salinity stress level and reduce Na+. It can be shown by that 
four saline tolerant, that Azotobacter isolates were able to 
survive on sea water watering (containing 35 g/L NaCl) as 
well as on low salinity level (3.23 dS/m) and moderate 
salinity level (4.58 dS/m) during the post-harvest period 
(Table 4). The same results were also generated by 
Ravikumar et al. (2004), in which Azotobacter 
Chroococcum bacteria could survive salinity up to the 
concentration level of 35 g/L NaCl. Kaushik and Sethi 
(2005) reported that halophiles and halo tolerance microbes 
can flourish in the environment with moderate salinity and 
high salinity (EC 5, 10. 15 dS/m).  

 
 
 

Table 3. Azotobacter population in selective medium (mannitol Ashby) 
 

Treatments Bacteria population (cfu/g soil) 
Source of water Inoculants Flowering After harvest 
Freshwater Control 2.5 x 103  a 3.0 x 104 abc 

Fertilizer of NPK 8.5 x 103  b 2.5 x 105  ab 
Azotobacter paspali 2.9 x 104  i 9.0 x 105  f 
Azotobacter chroococcum 1.6 x 104  e 1.5 x 106 g 
Azotobacter sp.1 1.4 x 104  de 8.0 x 105  ef 
Azotobacter sp.2 1.1 x 104  bc 7.5 x 105  ef 
Mix inoculants 3.3 x 104  j 1.9 x 106 h 

    
Sea water Control 4.8 x 103 a 2.0 x 104 a 

Fertilizer of NPK 1.3 x 104  cd 4.5 x 105 bcd 
Azotobacter paspali 1.1 x 104 bc 7.5 x 105 ef 
Azotobacter chroococcum 2.6 x 104 h 2.0 x 106 g 
Azotobacter sp.1 1.9 x 104 f 4.8 x 105 cd 
Azotobacter sp.2 2.2 x 104 g 6.5 x 105 de 
Mix inoculants 7.6 x 105 k 7.6 x 106  i 

Note: The number followed by the same letter are not significantly different at (p<0.05) level of Duncan’s test 
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Table 4. Soil chemical properties in samples from trial polybag per treatment 
 

Source of 
water 

Soil samples 
 (per pot treatment) 

C organic 
(%) 

N total 
 (%) CN ratio  P2O5 

 (ppm) 
Na 

 (%) 
Salinity 

dS/m 
Freshwater Control 5.37 de 

Very high 
0.35 abc 
Moderate 

10.00 a 
Moderate 

0.78 abc 
Very high 

0.02 a 
Very low 

1.22 a 
Non-saline  

Fertilizer of NPK 3.71 a 
High 

0.43 defg 
Moderate 

11.00 ab 
Moderate 

0.85 c 
Very high 

0.02 a 
Very low 

1.25 a 
Non-saline  

A. paspali 4.71 bcd 
High 

0.44 defg 
Moderate 

13.00 bcd 
High 

0.71 a 
Very high 

0.02 a 
Very low 

1.21 a 
Non-saline  

A. chroococcum 8.40 h 
Very high 

0.45 efg 
Moderate 

19.00 f 
Very high 

0.84 c 
Very high 

0.02 a 
Very low 

1.22 a 
Non-saline  

Azotobacter sp.1 5.90 efg 
Very high  

0.46 fg 
Moderate 

17.00 e 
Very high 

0.73 ab 
Very high 

0.02 a 
Very low 

1.19 a 
Non-saline  

Azotobacter sp.2 6.15 f 
Very high 

0.46 fg 
Moderate 

14.00 cd 
High 

0.78 abc 
Very high 

0.02 a 
Very low 

1.25 a 
Non-saline  

Mix inoculants 6.42 g 
Very high 

0.49 g 
Moderate 

15.00 d 
High 

0.78 abc 
Very high 

0.02 a 
Very low 

1.25 a 
Non-saline  

        
Sea water Control 4.10 ab 

High 
0.31 a 
Moderate 

14.00 cd 
High 

0.76 abc 
Very high 

0.07 cd 
Very low 

4.58 c 
Moderate 

Fertilizer of NPK 4.83 bcd 
High 

0.34 ab 
Moderate 

12.50 bc 
High 

0.96 d 
Very high 

0.05 b 
Very low 

4.16 c 
Moderate 

A. paspali 4.14 ab 
High 

0.35 abc 
Moderate 

12.00 abc 
Moderate 

0.82 bc 
Very high 

0.06 bc 
Very low 

3.19 b 
Low  

A. chroococcum 6.12 efg 
Very high 

0.35 abc 
Moderate 

14.00 cd 
High 

0.76 abc 
Very high 

0.08 d 
Very low 

4.19 c 
Moderate 

Azotobacter sp.1 5.02 bcd 
Very high 

0.42 cdef 
Moderate 

11.00 ab 
Moderate 

0.79 abc 
Very high 

0.05 bc 
Very low 

4.11 c 
Moderate 

Azotobacter sp.2 5.44def 
Very high 

0.38 bcd 
Moderate 

12.00 abc 
Moderate 

0.79 abc 
Very high 

0.07 cd 
Very low 

3.23 b  
Low  

Mix inoculants 4.39 abc 
High 

0.39 bcde 
Moderate 

12.00 abc 
Moderate 

0.76abc 
Very high 

0.06 bc 
Very low 

3.45 b 
Low  

Note: The number followed by the same letter are not significantly different at (p<0.05) level of Duncan’s test 
 
 
 
 
 

This result (Table 1 to 4) implied that the contribution 
of microbes or biofertilizer, especially related to nitrogen 
fixer and phosphate solubilizing bacteria with saline 
tolerance was needed to improve plant growth in saline 
soil. This research was still at the beginning stage, thus it 
needed to be continued at the field scale, especially in the 
area that had salinity problems. 

In summary, the results revealed that inoculation with 
mixed Azotobacter (Azotobacter paspali, Azotobacter 
chroococcum, Azotobacter spp.1, and Azotobacter spp.2) 
caused better growth and yield of shallot crops compared to 
single Azotobacter in saline soil. Inoculation of 
Azotobacter chroococcum on “Tuk Tuk” shallot cultivar 
reduced plant sensitivity to salinity up to 4.19 dS/m and 
improved the growth and the bulbs of shallot (101.28 
g/pot). Azotobacter maintained its population up to 106 
cfu/g of soil during PMEase activity at 0.170 µg/mL p-
nitrophenol hour and dissolved Phosphate at 0.898 ppm 
until post-harvest. The highest activity of PMEase and 
dissolved P in the soil during flowering and post-harvest 
was obtained from the treatment of mixed Azotobacter at a 
population density of 106 cfu/g of soil.  
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Abstract. Rahajeng W, Rahayuningsih SA. 2017. Agronomic performance, variance component, and diversity of sixty-two sweet potato 
accessions. Biodiversitas 18: 95-100. Sweet potato is an alternative carbohydrate source to overcome the shortage of rice due to the 
impact of the global change. The objectives of this research were to determine the performance, the genotypic and phenotypic variance, 
and the diversity of agronomic characters of sixty-two germplasm accessions of sweet potato. The research was conducted in April-
August 2013 at Muneng Research Station, Probolinggo, East Java, Indonesia. The material used was sixty-two accessions of sweet 
potato from Indonesian Legumes and Tuber Crops Research Institute (ILETRI) germplasm collection. The research was arranged in a 
randomized complete block design (RCBD) with two replications with a plot size of 1 m × 5 m and 100 × 25 cm in spacing (single row). 
The variables observed included: the vines length, the branch number, the chlorophyll index, the weight of the canopy, the harvest 
index, the storage root length, the storage root diameter, the number of the storage root per plot, the storage root yield, and dry matter 
content. The analysis of variance showed the high significant genotype at all the traits observed. All the traits showed a wide range of 
phenotypic variance and genotypic variance and high broad sense heritability. The PCA identified four principal components that 
explained 79.00% of total variation present in the genotypes. The traits that most contributed to the diversity were the chlorophyll index, 
the weight of vines, the vines length, and the branch number. The cluster analysis based on 69% similarity grouped sixty-two accessions 
into ten clusters, genotypes with superior traits currently on the first cluster. MLG 12695 and MLG 12505 were potentially used as a 
source of genes in the superior sweet potato varieties improved for the high yield potential purpose. 

Keywords: agronomic characters, diversity, Ipomoea batatas, sweet potato, variance 

INTRODUCTION 

Due to the increasing in population growth and the 
impact of climate change, the sustainability of agricultural 
products, especially rice, cannot be predicted. As a result, 
there is an anxiety that it will lead to the shortages of rice 
as a source of carbohydrate in Indonesian society. 
Therefore, alternative sources of carbohydrates other than 
rice are needed. Sweet potato is one of the most promising 
alternatives. 

According FAOSTAT (2012) and Wera et al. (2014) 
sweet potato is an important food crop in the world after 
wheat, rice, maize, potatoes, barley, and cassava. Sweet 
potato has a high carbohydrate content and low glycemic 
level (Burri 2011). Besides that, sweet potato is a source of 
vitamin A, micronutrients (Zn, Fe, Ca, and K), as well as 
anti-oxidants (Aywa et al. 2013; Pradhan et al. 2015). 
Additionally, sweet potato has the appropriate to be used as 
raw materials for the food industry because it is a source of 
starch (Cho and Yoo 2010; Zhao et al. 2015; Trancoso-
Reyes et al. 2016). 

In spite of this, sweet potato has prospects and 
opportunities to ensure food security and industrial raw 
materials, in Indonesia the average yield is 16.00 t ha-1 
(MoA 2015), which is far beyond the potential yield of 25-
30 t ha-1 of fresh storage roots. This is mainly related to the 
choice of appropriate varieties for breeding. 

Allard (1960), stated that in sweet potato breeding 
programs the presence of germplasm is needed. Germplasm 
is a provider or source of genes that necessary to assemble 
a new variety with a certain advantage. The success of the 
breeding program is largely determined by the genetic 
diversity as well as by key parameters related to adaptation 
and productivity. Therefore, these activities need 
information about evaluation of the economic value, 
estimation of genotypic and phenotypic variance, 
heritability value, and genetic advance on the character to 
be repaired, as well as the important characters (the content 
of nutrients and tolerance to biotic and abiotic stresses) 
Wera et al. 2014; Azevedo et al. 2015). 

The most important activity in the sweet potato 
breeding program is the selection activity, the selection 
activity has an important role to select and determine the 
genotypes which are compatible with the purpose of 
breeding. So the success of the breeding program is 
determined by the effectiveness of selection activities. 
Tsegaye et al. (2007), argues that one of the requirements 
effective in the selection for new varieties improvement is 
wide genetic diversity, which is inherited character (high 
heritability), and the high value of genetic advance. High 
heritability value (comparison of the genetic variance and 
phenotypic variance) indicates that the character is easy to 
be inherited. While genetic advance is one of the indicators 
of success in plant breeding. When the value of genetic 
advance of certain character is a high, it means that 
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character improvement through selection has a great 
opportunity to do. 

In addition to the above information, diversity 
information in germplasm collections also needs to be 
known. This diversity can be analyzed using a multivariate 
analysis, the analysis is frequently used principal 
component analysis (Principle Component Analysis) and 
cluster analysis (cluster analysis). Principal component 
analysis is a technique to determine how much a character 
contribute to diversity so that the results can be used to 
identify the characters that characterize a variety (Afuape et 
al., 2011). Cluster analysis based on morphological 
characters is used to identify the level of closeness and 
distance and similarity between germplasm accessions. 

The objectives of this research were to evaluate the 
agronomic performance, genotypic and phenotypic 
variance, and diversity of the sixty-two accessions of sweet 
potato from Indonesia for breeding purpose. 

MATERIALS AND METHODS 

Study area 
The experiment was conducted in April-August 2013 at 

Muneng Research Station, Probolinggo, East Java, 
Indonesia, using sixty-two accessions of a sweet potato 
germplasm collection of Indonesian Legumes and Tuber 
Crops Research Institute (ILETRI), Malang, East Java, 
Indonesia (include Table 1). 

Procedures 
The research was arranged in a randomized complete 

block design (RCBD) with two replications with a plot size 
of 1 m × 5 m (single row). The row length was 5 m, the 
space between rows was 100 cm and within the row 25 cm 
(20 plants per row). The fertilization was done by 300 kg 
ha-1 of fertilizer Phonska and 2 t ha-1 of manure. Weeding 
was scheduled at four weeks, seven weeks, and ten weeks 
after planting when needed. The irrigation was done every 
2-3 weeks or as required to prevent drought or water 
shortages. Pesticides applied to control pest and disease. 
The harvesting was conducted in next four months after 
planting. Data yield and yield components were recorded, 
including vines length, branch number, chlorophyll index, 
the weight of vines, harvest index, storage root length, 
storage root diameter, the number of storage root per-plot, 
storage root yield, and dry matter content. 

Data analysis 
Individual parameters were analyzed by using the 

procedure suggested by Gomez and Gomez (1984). The 
phenotypic and genotypic variance were calculated by 
using the formula adopted by Johnson et al. (1955). The 
broad sense heritability was calculated by using the 
formula adopted by Allard (1960). Accessions diversity 
identified by Principal Component Analysis (PCA) to 
identify principal traits. Furthermore, the value of PCA will 
be used for cluster analysis. PCA and cluster analysis used 
Minitab 14 program. 

RESULTS AND DISCUSSION 

Analysis of variance and mean performance of 
accessions 

Analysis of variance for ten traits showed the highly 
significant difference (p <0.01) among genotypes for all 
traits (Table 1). The performance of the agronomic traits in 
sixty-two sweet potato accessions is presented in Table 2. 
Each trait of the accessions had a wide range of mean 
values. Based on the observation of sixty-two sweet potato 
accessions, the vines length had a range between 83.08 and 
283.80 cm with 178.65 cm on average, the number of 
branches ranged between 0.80 and 1.60 (average 1.10), the 
chlorophyll index varied from 29.95 to 48.05 (average 
37.61), the weight of vines had a range between 1.7 and 9.9 
kg per plot (average of 5.33 kg per plot). 

The storage root length ranged from 5.50 to 18.15 cm 
with an average of 12.76 cm, and the diameter of storage 
root was between 3.30 and 8.60 cm (average 5.55 cm). 
Whereas the harvest index ranged from 0.01 to 0.65 with 
an average of 0.29, the number of storage root per plot 
ranged between 1 and 74 (average 21.46), storage root 
yield varied from 0.11 to 25.84 t ha-1 (average 7.90 t ha-1). 
MLG 12505 produce the highest yield and number of 
storage root per plot while MLG 12707 showed the lowest 
value. Dry matter content is a critical parameter in the 
selection because it determines whether or not the storage 
roots are tasty. The performance of storage root dry matter 
content of sixty-two accessions from 21.70 to 39.58%, but 
there were some accessions which could not be analyzed 
because the storage roots did not have sufficient contents 
(Table 2). 

Phenotype variance, genotype variance, and heritability 
All the traits observed showing the value of genetic 

variance and phenotypic variance with wide criteria (Table 
3). The genetic variance and the phenotypic variance 
ranged from 0.03 to 1750.73 and 0.03 to 1771.18. The 
highest and the lowest values were recorded for vines 
length and harvest index. The value of phenotypic variance 
was higher than genotypic variance. 

The heritability value of a character is estimated 
whether the character is more influenced by genetic or 
environmental factors. The results presented in Table 3 
shows that the estimated value of the broad sense 
heritability was high (ranging from 51.33% to 100%) in all 
the traits observed.  

Principal component analysis 
The results of the principal component analysis (PCA) 

on this research was used to reduce the observed characters 
into four main components that have eigenvalue up to 1.0 
and was able to explain the variety of material that was 
tested at 79.0% (Table 4). PC1 with the eigenvalue 5.191 
contributed to 41.9% of the total diversity, PC2 with the 
eigenvalue 1.483 contributed to 14.8% of the total 
diversity, PC3 with the eigenvalue of 1.175, 11.7% 
contributed to the total diversity, and PC4 with the 
eigenvalue 1.050, contributed to 10.5% of the total 
variation among the sixty-two accessions tested. 
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Cluster analysis 
The four principal components which had the 

eigenvalue up to one were further used in the cluster 
analysis. The cluster analysis based on 69% similarity 
grouped sixty-two accessions into ten clusters (Figure 1). 

Discussions 
The highly significant difference (p <0.01) among the 

genotypes for all traits indicates the high variability among 
the accession used in this study. It also shows that each 
clone or the variety shows a different genetic, especially for 
these traits. The efficiency of the ability to assimilate usage 
is illustrated by harvest index. Harvest index ranged from 
0.01 to 0.65, with an average of 0.29. According to 
Gardner et al. (1985), the harvest index showed the ratio of 
assimilation distribution between economic and the overall 
biomass. The high harvest index showed the efficiency of 
the assimilate material utilization. It could be seen from the 
high production. This was proved by MLG 12505 that 
presented highest harvest index (0.65), also had the highest 
storage root yield (28.90 tha-1). 

The heritability value of a character is estimated 
whether the genetic or environmental factors was more 
influenced the character. All the traits had high broad sense 
heritability with a range from 51.33% to 100%. The results 
are indicating that they are more influenced by genetic 
factors (Chahal and Gosal 2010; Naidoo et al. 2016). 
According to Bernardo (2002) and Afuape et al. (2015) 
selection will be effective on the characters that have high 
heritability values, so that the selection can be made in 
early generations because this character is inherited and the 
performance is relatively the same. Borojevic (1990), states 
that the ease of inheritance character can be known from 
the value of heritability. It can be estimated by comparing 
the magnitude of the genetic variance of the phenotypic 
variance. Some previous research on sweet potato showed 
that the predictive value of broad sense heritability was 
high for the number of branches, storage root weight, 
storage root length, storage roots diameter, harvest index, 
storage root yield, and storage root dry matter content 
(Tsegaye et al. 2007; Tumwegamire et al. 2011). 

Wide genetic diversity is a requirement for the 
effectiveness of the process of selection because it will 
provide flexibility in the process of selecting a genotype 
(Allard 1960). Mohammed et al. (2015) stated that the 
character which has a broad genetic diversity would also 
have a wide diversity of phenotypes. Almost the same 
results are shown by some previous research on sweet 
potato. There is wide genetic diversity for the vines length, 
storage root number, storage root weight, storage root 
length, storage root diameter, harvest index, dry matter 
content of storage roots, and storage root yield (Fajriani et 
al. 2012; Solankey et al. 2015). 

According to Afuape et al. (2011), within the group of 
genotypes, PCA is a technique to identifies which plant 
traits the most contributing to the observed variation. The 
cumulative variance of 79% by the first four axes with the 
eigenvalues of >1.0 indicates that the identified traits 
within these axes exhibited great influence on the 
phenotype of accessions, and could effectively be used for 

selection among them. In PCA, Haydar et al. (2007), states 
that the maximum characters that contribute to the diversity 
of the genetic material are traits that have the greatest value 
and positive feature vector. On PC1, the traits that most 
contributed to the diversity were the harvest index, storage 
root yield, and storage root diameter. On PC2, the weight 
of vines and vines length had a considerable influence on 
diversity. On PC3, the traits that contributed to diversity 
were the chlorophyll index and branch number, at PC4, the 
trait that contributed to diversity is vines length. 

Afuape et al. (2011), who reported a cumulative 
variance of 76.00% for the first three axes in the evaluation 
of twenty-one sweet potato genotypes, had found stand 
count at harvest, unmarketable root number, and smallest 
root length as the important traits that distinguished the 
group of genotypes they worked with. Four principal 
components (PC) were identified which accounted for 
67.22% of the total variation among the accessions 
(Koussao et al. 2014). Placide et al. (2015) also used PCA 
to study the variability among fifty-four sweet potato 
genotypes and found the cumulative variance of 77.83% 
got from the first seven principal component axes. Our 
findings among 79.00% were up tothe variance with the 
findings of these authors as there was enough variability to 
aid the selection among the genotypes. 

 
Table 1. Analysis of variance and coefficient of variance of sweet 
potato accessions 
 

Traits Mean CV (%) 
Block Genotype Error 

Vines length 2.12 3.521.90** 20.45 2.53 
Branch number  0.31** 0.08** 0.02 14.07 
Chlorophyll  index 0.71 38.00** 12.22 9.29 
Weight  of vines 0.04 5.79** 0.34 10.96 
Harvest index 0.00 0.06** 0.00 15.05 
Storage root length 1.26 17.45** 2.15 11.50 
Storage root diameter 1.14 4.51** 0.88 16.94 
Number  of storage 
root per-plot  

0.01 487.09** 2.73 7.70 

Storage  root yield 3.47 81.07** 0.99 12.78 
Storage  root dry 
matter content 

0.09 187.00** 0.85 3.45 

Note: ** significant at p< 0.01 
 

 
Table 4. Principal component analysis of sweet potato accessions 
 
Traits PC1 PC2 PC3 PC4 
Vines length 0.133 0.619 0.202 0.169 
Branch number -0.033 -0.345 0.614 0.056 
Chlorophyll index 0.100 -0.102 0.675 0.094 
Weight of vines 0.035 0.658 0.257 -0.199 
Harvest index 0.456 -0.167 -0.071 0.050 
Storage root length 0.425 0.042 -0.059 0.018 
Storage root diameter 0.438 0.038 -0.195 0.046 
Number of storage root per-plot 0.426 -0.146 0.090 -0.104 
Storage root yield 0.455 -0.003 0.043 0.022 
Dry matter content 0.041 -0.048 0.061 -0.951 
Eigen values 5.191  1.483  1.175  1.050  
Proportion  0.419  0.148  0.117  0.105  
Cumulative 0.419  0.567  0.685  0.790 
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Table 2. The mean of agronomic traits sweet potato accessions 
 
Genotype VL (cm) BN CI WV (kg) HI RL (cm) RD (cm) NRP Y (t ha-1) DMC (%) 
MLG 12504 180.90t-w 1.50ab 38.55e-p 4.55q-x 0.52c-g 17.25a-c 5.10j-u 31.50f 18.02bc 32.08h-j

MLG 12505 236.40c 1.30a-d 40.60b-m 4.80o-w 0.65a 17.65ab 7.05a-i 74.00a 25.22a 28.90m-q

MLG 12512 195.20k-q 1.10c-f 34.90k-q 7.45c-f 0.40i-m 16.85a-f 6.50c-m 30.50fg 12.80h-j 30.80j-l

MLG 12514 90.80 1.10c-f 40.65b-m 1.65 0.40i-m 11.10p-y 4.65m-u 17.50op 6.23r-u 30.86j-l

MLG 12522 157.60 1.30a-d 36.75g-p 4.70p-w 0.09z 8.75w-z 3.65r-u 7.50w-z 1.65yz 30.66j-m

MLG 12523 196.20j-p 1.30a-d 43.70a-g 5.65k-r 0.20t-x 15.05b-k 4.65m-u 12.00r-u 5.14s-v 30.04k-o

MLG 12535 226.50de 1.00d-f 33.60n-r 8.75ab 0.39j-n 12.35k-t 6.15e-p 29.50f-h 13.99f-h 23.36
MLG 12540 125.00 1.20b-e 33.60n-r 2.90z 0.53b-g 10.00t-z 6.55b-l 42.00c 12.70h-j 30.12k-o

MLG 12546 192.30m-r 0.80fg 44.85a-e 5.55k-s 0.46f-j 16.75a-g 7.30a-g 27.50g-k 14.67e-h 30.84 j-l

MLG 12550 201.70i-l 1.30a-d 35.75i-q 5.50k-s 0.28o-t 11.35o-x 5.25i-t 22.00mn 8.88m-o 35.34c-e

MLG 12559 250.80b 1.10c-f 36.00h-q 7.80b-e 0.12x-z 11.65n-w 4.35p-u 15.00p-r 3.23v-y 31.42i-l

MLG 12562 193.20l-r 0.80fg 41.70a-k 6.15h-m 0.27p-u 13.60h-q 5.00j-u 28.50f-i 6.60p-s 29.72l-p

MLG 12564 132.40 1.30a-d 34.95k-q 4.55q-x 0.19u-y 9.40u-z 4.90k-u 10.50t-w 4.53t-w 0.00
MLG 12566 188.60p-u 1.20b-e 36.75g-p 7.10d-i 0.25q-v 14.85b-l 5.50g-r 13.00r-t 7.36o-r 26.38s-w

MLG 12576 179.70u-x 1.20b-e 38.05e-p 8.75ab 0.22r-v 11.53n-x 6.80a-j 18.00op 6.07r-u 27.90p-t

MLG 12579 221.20ef 1.20b-e 39.10d-o 4.65p-x 0.50d-h 16.90a-e 5.50g-r 56.00b 12.79h-j 32.14g-j

MLG 12583 251.10b 1.30a-d 41.65a-l 7.45c-f 0.30o-r 15.30a-j 6.20d-p 17.00o-q 8.26n-q 0.00
MLG 12584 83.00 1.30a-d 40.50b-n 1.70 0.22r-v 10.10t-y 4.20q-u 13.00r-t 2.30x-z 27.68q-t

MLG 12585 150.10 1.00d-f 42.20a-j 6.85e-j 0.48e-i 14.70c-m 7.90a-e 29.00f-h 16.52c-e 25.80u-x

MLG 12593 167.50z 1.10c-f 39.50c-o 5.25l-u 0.21s-w 11.85m-v 4.20q-u 12.50r-t 3.72v-x 33.66e-h

MLG 12598 107.80 1.60a 38.95d-p 5.35l-u 0.22r-v 14.30d-n 4.60n-u 10.00t-x 3.92v-x 32.12g-j

MLG 12603 205.80g-i 1.10c-f 36.15h-q 5.95i-o 0.31n-r 12.00l-u 5.40h-s 24.00lm 9.49l-n 35.92bc

MLG 12608 182.70s-w 1.20b-e 35.15k-q 5.90j-o 0.11yz 11.20p-x 3.30u 13.00r-t 2.50x-z 31.28i-l

MLG 12626 234.80cd 1.20b-e 33.15o-r 4.30t-y 0.28o-u 13.20i-r 8.40ab 10.00t-x 11.09j-l 32.84f-i

MLG 12634 126.00 1.10c-f 33.20o-r 5.10l-v 0.13w-z 10.38r-y 5.00j-u 15.00p-r 3.31v-y 29.72l-p

MLG 12645 174.20w-z 1.30a-d 44.60a-f 5.40k-u 0.03 5.50 3.55s-u 1.50 0.48 28.09p-s

MLG 12650 171.10x-z 1.10c-f 37.15g-p 9.90a 0.12x-z 6.55 3.35u 2.00 0.68 35.57cd

MLG 12653 159.90 1.20b-e 34.15m-q 3.35yz 0.10z 7.10z 3.30u 8.00v-z 1.07z 31.84h-k

MLG 12655 142.50 1.20b-e 36.90g-p 5.45k-t 0.12x-z 11.80m-v 3.40tu 12.00r-u 3.42v-y 21.70
MLG 12657 125.10 1.10c-f 33.45o-r 2.25 0.35k-p 12.40j-t 5.80f-q 7.00x-z 7.06o-s 0.00
MLG 12662 97.90 1.10c-f 37.75f-p 3.50x-z 0.05 14.15d-o 5.05j-u 2.50 0.71 27.18q-v

MLG 12663 185.50r-v 0.90e-g 37.30g-p 8.60bc 0.13w-z 11.75n-v 4.45o-u 14.00q-s 3.02w-z 30.82j-l

MLG 12667 139.90 1.20b-e 35.40j-q 5.60k-r 0.32m-q 15.05b-k 6.80a-j 19.50no 9.38l-n 37.66b

MLG 12670 167.60z 0.80fg 29.50qr 3.80w-z 0.10z 10.20s-y 4.45o-u 7.00x-z 1.47yz 35.66cd

MLG 12675 121.00 1.30a-d 36.25h-q 4.40s-y 0.07 8.95v-z 3.50tu 11.50s-u 0.96 35.22c-e

MLG 12682 199.80i-n 1.00d-f 45.55a-d 6.20g-m 0.12w-z 13.65h-q 5.60g-q 5.50z 3.35v-y 34.32c-f

MLG 12693 186.90q-u 1.10c-f 34.70l-q 7.25d-h 0.52c-g 17.65ab 7.70a-e 48.00 19.66b 34.78c-e

MLG 12695 219.20ef 1.20b-e 36.00h-q 8.25b-d 0.42h-l 17.00a-d 8.25a-c 25.50i-l 25.84a 30.78j-l

MLG 12707 218.70ef 1.30a-d 39.70b-o 5.65k-r 0.01 9.80t-z 3.45tu 1.00 0.11 0.00
MLG 12712 206.60g-i 1.00d-f 33.45o-r 4.55q-x 0.24r-v 13.90g-p 4.45o-u 22.00mn 3.41v-y 26.24t-w

MLG 12714 205.10h-j 0.90e-g 35.10k-q 6.55f-k 0.02 12.05l-u 4.90k-u 1.50 0.52 22.78
MLG 12725 177.40v-y 0.80fg 33.15o-r 5.75j-p 0.33l-q 15.20b-k 6.40c-n 20.00no 8.31n-q 28.40o-r

MLG 12726 169.00yz 1.00d-f 32.05p-r 4.40s-y 0.59a-c 15.75a-i 7.90a-e 28.00g-j 15.77d-f 22.18
MLG 12730 157.00 1.60a 40.85b-m 6.00i-n 0.56a-e 11.75n-v 7.10a-i 58.50b 17.43cd 30.50j-n

MLG 12731 283.80a 1.00d-f 42.85a-h 4.25u-y 0.55b-e 14.80b-l 6.10e-p 38.50de 13.45g-i 26.16t-w

MLG 12734 158.80 1.00d-f 48.05a 5.05m-v 0.22r-v 13.25i-r 4.70l-u 24.50k-m 2.88w-z 39.58a

MLG 12738 136.20 0.60g 32.85o-r 5.60k-r 0.42h-l 12.40j-t 8.60a 25.50i-l 10.62k-m 25.08w-z

MLG 12739 140.70 1.30a-d 46.50ab 3.95v-z 0.54b-f 14.00e-p 6.25d-o 56.50b 14.27f-h 33.96d-g

MLG 12747 247.40b 1.10c-f 40.90b-m 3.75w-z 0.62ab 14.70c-m 7.70a-e 36.00e 14.88e-g 24.12x-z

MLG 12761 214.50fg 0.80fg 34.75k-q 5.75j-p 0.29o-s 13.95f-p 6.10e-p 25.00j-m 6.90o-s 26.38s-w

MLG 12762 129.10 1.00d-f 42.40a-i 4.50r-y 0.62ab 16.35a-h 7.65a-f 43.00c 15.83d-f 23.88yz

MLG 12770 201.10i-m 1.00d-f 37.10g-p 3.95v-z 0.43h-k 13.25i-r 5.55g-q 25.00j-m 6.35q-t 26.94r-v

MLG 12771 197.80i-o 1.40a-c 34.05m-q 4.00v-z 0.07 10.85q-y 4.15q-u 6.00yz 0.98 0.00
MLG 12780 189.30o-t 1.20b-e 43.70a-g 6.25g-l 0.17v-z 13.10i-s 5.75g-q 9.00u-y 3.83v-x 27.82q-t

MLG 12781 181.40t-w 0.90e-g 39.05d-o 5.20l-u 0.56a-d 18.15a 7.20a-h 41.00cd 16.40c-e 25.66v-y

MLG 12787 191.30n-s 0.80fg 46.10a-c 3.75w-z 0.45g-j 10.35r-y 6.70b-k 35.50e 8.46n-p 27.58q-u

MLG 12791 213.40f-h 0.80fg 34.00m-q 7.35d-g 0.41i-m 16.70a-g 8.05a-d 22.00mn 11.77i-k 23.62
MLG 12792 203.70i-k 0.90e-g 36.85g-p 3.70w-z 0.13w-z 8.60x-z 4.10q-u 11.00s-v 1.52yz 25.48v-z

MLG 12807 131.80 1.00d-f 26.95r 2.90z 0.36k-o 11.80m-v 5.25i-t 26.50h-l 4.30u-x 28.72n-r

MLG 12816 222.30ef 0.90e-g 34.65m-q 5.70j-q 0.06 8.80w-z 3.50tu 8.00v-z 1.11z 30.12k-o

MLG 12825 180.90t-w 1.10c-f 34.40m-q 5.05m-v 0.22r-v 13.40i-q 4.80l-u 18.50o 3.70v-x 33.64e-h

MLG 12840 150.90 0.90e-g 34.00m-q 4.85n-w 0.17v-z 8.25yz 3.60s-u 5.50z 2.74w-z 23.68z

LSD 5% 9.04 0.31 6.99 1.17 0.09 2.93 1.88 3.30 1.99 1.84
Note: Means within a column followed by the same letters are not significantly different at p<0.05 according to LSD test, VL =  vine 
length, BN = branch number, CI = chlorophyll index, WV = weight of vines, HI = harvest index, RL = storage root length, RD = storage 
root diameter, NRP = number storage root per plot, Y = yield, DMC = dry matter content 
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Table 3. Criteria of variance and heritability on sweet potato accessions 
 
Traits σ2p 2 x SDp Criteria σ2g 2 x SDg Criteria H2 (%) Criteria 
Vines length 1771.18 3.64 Wide 1750.73 627.52 Wide 98.85 High 
Branch number 0.05 0.004 Wide 0.03 0.01 Wide 60.00 High 
Chlorophyll index 25.11 2.18 Wide 12.89 7.11 Wide 51.33 High 
Weight of vines 3.07 0.06 Wide 2.73 1.03 Wide 88.91 High 
Harvest index 0.03 0 Wide 0.03 0.01 Wide 100.00 High 
Storage root length 9.80 0.38 Wide 7.65 3.13 Wide 78.06 High 
Storage root diameter 2.70 0.16 Wide 1.82 0.82 Wide 67.35 High 
Number of storage root per-plot  244.91 0.49 Wide 242.18 86.79 Wide 98.89 High 
Storage root yield 41.03 0.18 Wide 40.04 14.45 Wide 97.59 High 
Storage root dry matter content 93.93 0.15 Wide 93.08 33.32 Wide 99.10 High 
Note: σ 2f  =  phenotypic variance, SDf  =  standard deviation of phenotype, σ 2g =  genotypic variance, SDg =  standard deviation of 
genotype, H2 =  broad sense heritability 
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Figure 1. Dendrogram from cluster analysis of sixty two accessions 
 
 
 

The cluster analysis grouped sixty-two accessions into 
ten clusters. Cluster 1 consisted of 6 accessions, each of 
clusters 2, 7, and 9 had 3 accessions, cluster 3 had 2 
accessions, cluster 4 consisted of 26 accessions, cluster 5 
had 5 accessions, each of clusters 6 and 10 had 1 
accessions each, whereas cluster 8 had 6 accessions. 
Cluster 1 was entirely constituted by accessions mostly 
with superior traits in sized of storage root, chlorophyll 
index, harvest index, and yield. Cluster 8 was consisted 
accessions with inferior traits in size of storage root, 
harvest index, storage root number, and yield. Cluster 5 
was characterized by accessions with large canopy. 

Whereas cluster 4 showed little branch characteristic. 
Accession MLG 12695 and MLG 12505 (cluster 1) had the 
highest value of harvest index, the number of storage root 
and yield. The both accession may potentially be used as a 
source of genes in a superior sweet potato varieties 
improved for the high yield potential purpose. In the 
previous research of Solankey et al. (2015), Cluster 
analysis divided twenty genotypes into two main groups, 
indicating a genetic relationship among accessions. 
Whereas in other research, cluster analysis of 116 
genotypes resulted in 12 clusters (Mohammed et al. 2015). 
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From the research can be concluded that the results of 
analysis of variance showed highly significant genotype at 
all the characters observed. All the characters showed a 
wide range of phenotypes and genotypes variety. All the 
characters also showed high broad sense heritability values. 
The PCA identified four principal components that 
explained 79.00% of total variation presented in the 
genotypes. The traits that most contributed to the diversity 
are chlorophyll index, weight of vines, vines length, and 
branch number. The cluster analysis based on 69% 
similarity split sixty two accessions into ten clusters, 
genotypes with superior traits currently on the first cluster. 
MLG 12695 and MLG 12505 potentially are used as a 
source of genes in a superior sweet potato varieties 
improved for high yield potential purposed. 
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Abstract. Karmini. 2017. Factors affecting paddy farm income in East Kalimantan, Indonesia. Biodiversitas 18: 101-108. The 
development of paddy farming in East Kalimantan Province faces problem and challenge as the low level of paddy farm income. 
Consequently, efforts are needed to increase paddy farm income. The objective of this study is to determine factors affecting paddy farm 
income. This study was carried out in East Kalimantan Province, Indonesia (Now, the province was divided into two, East Kalimantan 
and North Kalimantan). The two-stage cluster sampling was applied to select one cities and three Districts (Bontang City, Kutai 
Kartanegara District, and Penajam Paser Utara District) and to choose 3 sub-cities and 6 sub-districts (Sub-cities of South Bontang, 
North Bontang, and West Bontang and Sub-districts of Tenggarong Seberang, Loa Janan, Muara Muntai, Babulu, Penajam, and Waru) 
as the study areas. The simple random sampling was used to choose the households of paddy farmers as respondents. This study 
assessed 380 paddy households as respondents. The regression function was used to analyze the data. The result of F test shows age of 
household head, depreciation of tools, experience of household head in paddy farming, labour cost, land cultivation cost, paddy farm 
size, raw materials cost, and rice requirement of the household, collectively, very significantly affect paddy farm income in East 
Kalimantan Province, Indonesia. The results of t tests show land cultivation cost, paddy farm size, and raw materials cost, individually, 
significantly affect paddy farm income in East Kalimantan Province, Indonesia. Meanwhile, labour cost, individually, significantly 
affect paddy farm income. However, the other variables, individually, are not significantly affect paddy farm income. 

Keywords: East Kalimantan, farm, income, Indonesia, paddy 

INTRODUCTION 

The agriculture sector has important role to the national 
and rural economies of Indonesia. Paddy is one of the most 
important commodities in the agricultural sector whereby it 
produces rice as a staple food for most Indonesians. Paddy 
farming is still the main occupation in the rural areas of 
Indonesia, especially in East Kalimantan Province (Now, 
the province was divided into two, East Kalimantan and 
North Kalimantan, based on Indonesian Law (UU) No. 20 
of 2012). Paddy farmers obtain paddy farm income from 
the marketing of their rice production. Rice production 
fluctuates from one planting season to the next planting 
season. Rice production of wetland paddy farming in East 
Kalimantan Province in 2012 (283,089.30 tons) was higher 
than that in 2011 (279,228.95 tons) but lower than that it in 
2010 (293,469.15 tons) (Statistics of East Kalimantan 
Province 2013). Meanwhile, rice yield rate of paddy 
farming in East Kalimantan in 2012 (2.56 tons ha-1) was 
lower than the average rice yield of paddy farming among 
provinces in Indonesia (3.34 tons ha-1) (Statistics of East 
Kalimantan Province 2013; Statistics Indonesia 2014). 
These problems cause farmers have small opportunity to 
achieve higher paddy farm income because of small 
production and its impact on small revenue. 

The allocation and price of inputs in paddy farming are 
vary. They have ability to affect the production cost. Most 
households of paddy farmers in East Kalimantan Province 
cultivate paddy in small farm size. The average size of 
paddy field was 1.26 ha in 2013. The number of farm 

household as land owner less than 1 ha, between 1 and less 
than 2 ha, and more than 3 ha in 2013 were 25,024 
(13.85%), 106,875 (59.17%), and 48,715 (26.98%) farm 
households (Statistics of East Kalimantan Province 2014a, 
b). Paddy farming involves many people (family members 
and hired/contract labourers) in its activities. The number 
of tractor is limited in the rural areas. Meanwhile, the 
quantity, quality, and price of tools that owned every paddy 
household are vary. The high rice production will be 
achieved if farmers use high quality seeds in the optimal 
number. However, most paddy farmers in East Kalimantan 
in 2009 used local seed (64.86%) and non fertilizer users 
(59.28%) (Statistics of East Kalimantan Province 2010a).  

The explanation above showed that paddy farmers face 
many problems related to the utilization of production 
factors in paddy farming. Those problems indicate 
production cost has ability to affect paddy farm income. 
Therefore, the main problem in the development of paddy 
farming in East Kalimantan Province was the low level of 
paddy farm income. As stated by Penson et al. (2006), two 
symptoms of the farm problem are (i) output fluctuations 
from one year to the next and (ii) low net farm incomes. 

Several previous studies determined factors affecting 
farm income such as Mirotchie and Taylor (1993), Mishra 
et al. (2002), Kamanga et al. (2009), Zou et al. (2009), 
Ding et al. (2011), and Korir (2011). Each previous study 
discovered a new different set of factors affecting farm 
income. The sets of factors had similarities and differences 
in terms of variables that were used by previous studies. 
The scope of previous studies focused on farm income that 
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was obtained by farmers from cultivation not only paddy 
but also from other commodities. Some previous studies 
focused and found information on socio-economic factors 
affecting paddy farm income in East Kalimantan Province, 
Indonesia. However, many socio-economic factors in farm 
households have not been explored yet in the prior studies. 
Therefore, there are many opportunities to construct several 
new sets of factors affecting paddy farm income.  

The objective of this study was to determine socio-
economic factors affecting paddy farm income in East 
Kalimantan Province, Indonesia. The findings of this study 
provide ways to increase paddy farm income through the 
management of factors has proven could affect paddy farm 
income. 

MATERIALS AND METHODS 

Study area  
Study was conducted from October 2012 to October 

2013. The location of this study was Province of East 
Kalimantan, Republic of Indonesia (Now, the province was 
divided into two, East Kalimantan and North Kalimantan). 
In terms of geographic position, East Kalimantan Province 
(113044’ - 119000’ EL and 2033’ NL - 2025’ SL) borders 
with Sulawesi ocean and Makassar strait in the east; 
Central Kalimantan Province, West Kalimantan Province, 
and Malaysia in the west; Malaysia in the north, and South 
Kalimantan Province in the south (Statistics of East 
Kalimantan Province 2010b) (Figure 1).  

 
 
 

 
 
Figure 1. Formerly Province of East Kalimantan, Indonesia that now separated into two, East Kalimantan and North Kalimantan 
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Figure 2. Rainfall (mm) in East Kalimantan in 2009. 

 
 
 

There were two reasons for the selection of this study 
location. First, harvested area of paddy and production of 
rice in East Kalimantan Province in 2012 were lowest 
among the other provinces in Kalimantan island, Indonesia. 
Second, agricultural labour household in Indonesia owned 
the average of per capita income after taxes was lowest in 
2008 among the other household groups both in rural and 
urban levels (Statistics Indonesia 2014).  

East Kalimantan Province, Indonesia, has a tropical 
climate with two seasons, a dry season that commonly 
happens from May to October and a rainy season that 
usually comes from November to April. There is two 
planting seasons for wetland paddy during a year. The 
rainfall in East Kalimantan Province in 2009 was recorded 
(Figure 2) in the range of 90.20 and 363.10 mm month-1 or 
1,082.4 and 4,357.2 mm year-1 (Statistics of East 
Kalimantan Province 2010b). The rainfall during the paddy 
growing period should not be lower than 800 mm year-1, 
with the optimum range of 1,250 and 1,500 mm year-1 

(Rehm and Espig, 1991).  
Paddy farming are done by paddy farmer households 

that live in all cities/Districts in East Kalimantan Province. 
This study used the two-stage cluster sampling as the 
method to choose the study areas. The first stage selection 
was done as follows. East Kalimantan Province has 4 cities 
and 9 Districts which were called clusters, it meant East 
Kalimantan Province had 13 primary sampling units. Then, 
every city/District was classified into 3 different categories 
such as the high (2 cities and 3 Districts), medium (4 
Districts), and low (2 cities and 2 Districts) of Gross 
Domestic Product (GDP) of food crops. Then, study 
selected a random sample of these units. Kutai Kartanegara 
District was selected to represent location owned high GDP 
of food crops, Penajam Paser Utara District from medium 
GDP of food crops level and Bontang City for low GDP of 
food crops group. 

Then, the second stage selection as follows. This study 
classified all sub-cities/sub-districts from 3 primary 
sampling units had been chosen in the first stage selection 
(Kutai Kartanegara District, Penajam Paser Utara District, 
and Bontang City) into 3 groups such as the high, medium, 
and low harvested areas of paddy. Every sub-city/sub-
district was called as the secondary sampling unit. Kutai 
Kartanegara District and Penajam Paser Utara District has 
18 and 4 sub-districts, respectively. Meanwhile, Bontang 

City has only 3 sub-cities. This study chose a subset of 
smaller units within the primary units that randomly 
selected. The result of this second stage selection was 3 
sub-cities and 6 sub-districts as the study areas which were 
selected from 3 sub-cities and 22 sub-districts available. 
They were sub-city of South Bontang, North Bontang, and 
West Bontang and sub-district of Tenggarong Seberang, 
Loa Janan, Muara Muntai, Babulu, Penajam, and Waru. 

The biodiversity in agriculture is reflected in scope of 
this study. This study focused on wetland paddy farming 
that is done in different regions of high, medium, and low 
GDP of food crops. The different regions owned high, 
medium, and low harvested areas of paddy reflect various 
diversity. Although all respondents live in 3 sub-cities and 
6 sub-districts, however they represent paddy farmers who 
reside in 4 cities, 9 districts, 3 sub-cities, and 22 sub-
districts in East Kalimantan Province. 

Procedures 
This study collected primary data from households of 

paddy farmers and the secondary data from Statistics 
Indonesia and East Kalimantan Province. The primary data 
were obtained from household heads or household 
members of paddy farmers who are currently engaged in 
wetland paddy farming and he or she should have known 
the characteristics of household members. Wetland paddy 
farming includes several activities such as seedling, land 
cultivation, planting, fertilizing, weeding, transplanting, 
controlling pests and diseases, harvesting, and post 
harvesting. Wetland paddy farming is done in paddy field 
where farmers commonly use agrochemical inputs. Land 
cultivation for wetland paddy farming is done before the 
planting season by using handtractor. Wetland paddy 
farmers use some raw materials in paddy farming such as 
seeds, fertilizers (Urea, TSP, KCl, etc), and other 
agrochemical inputs (pesticide, herbicide, fungicide, 
insecticide, etc). Agrochemical inputs are commonly used 
not only to control or eliminate pests and diseases but also 
to help farmers in preventing pests and diseases. The 
respondents used agrochemical inputs with some 
Indonesian brands such as Antracol, Decis, Score, Matador, 
etc.  

There were 119,714 households of paddy farmers in 
East Kalimantan in 2009 and 36,970 of them reside in the 
study areas (Kutai Kertanegara District, Penajam Paser 
Utara District, and Bontang City) (Statistics of East 
Kalimantan 2010b). According to Rea and Parker (1997), 
the minimum sample size for a 20,000 persons population 
at a 95% level of confidence with + 5% confidence 
intervals is 377 and 382 persons for a population of 
approximately 50,000 persons. This meant that the total 
sample was needed for this study was 380 households. The 
sample size in each study area was calculated 
proportionally based on harvested area of paddy, where 
Sub-district of Tenggarong Seberang (128 households), 
Loa Janan (17 households), Muara Muntai (4 households), 
Babulu (128 households), Penajam (84 households), Waru 
(16 households), and Sub-city of South Bontang (2 
households), North Bontang (1 household), and West 
Bontang (0 household). The simple random sampling was 
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applied to select the households of paddy farmers that 
could be respondents.  

The survey with in-depth interview was applied to 
gather the primary data. It produced and provided abundant 
data that was useful in this study. The researcher gave 
adequate training to the enumerators to ensure uniformity 
in some understandings such as identifying the target of 
respondents, selecting the locations of study, filling the 
questionnaire, and understanding the manner of interview. 
Respondents were given the choice to decide the place for 
the interview, either at home or other places which were 
convenient for them. Their participation in the interview 
was strongly encouraged. The interviews began with 
providing information on the purpose of study and assuring 
that the data would be kept confidential. 

A structured questionnaire had been prepared and 
designed as a tool in the survey. Because of language 
barrier, it was translated into Indonesian. The researcher 
developed questions in a simple way, used a few sentences 
only. However, this might lead to misperception and 
confusion by the respondents. Therefore, it was assumed 
that interviews would provide a greater chance for 
respondents to address questions. Interviews were likely to 
be effective, particularly for those respondents who cannot 
read and write but were considered as potential sources of 
information. Some respondents could not speak the 
Indonesian language; they commonly used ethnic or local 
languages. Therefore, the interviews were needed to solve 
these problems. Agricultural extensions were employed to 
help the interview process as they have good relationships 
with respondents. They also have good knowledge about 
the location and characteristics of respondents, also the 
local language. They understand local measurements that 
are commonly used in their agricultural area.  

Data analysis 
Several previous studies have some important findings 

related to factors affecting paddy farm income as follows. 
Age of farmer or age of household head affects revenue, 
planting income, household income, and the production of 
agricultural products (Tijani 2006; Kamanga et al. 2009; 
Ding et al. 2011). According to Debertin (1986) and 
Mankiw (2009), fixed cost is a part of total cost in the 
production process besides variable cost. Farming 
experience affects process of adoption in paddy farming 
(Adesina and Zinnah 1993; Rusmadi 2005) and value of 
rice (Tijani 2006). Previous studies were conducted to 
investigate the effect of family and hired labourers to farm 
output, farm income, and process of adoption such as Zhao 
et al. (1991), Rusmadi (2005), Tijani (2006), Larson and 
Plessmann (2009), and Ding et al. (2011). Larson and 
Plessmann (2009) reported that tractor usage effects the 
rice production of households. Several previous studies 
used farm size as a factor that affects rice production, rice 
value, and farmer adoption (Adesina and Zinnah 1993; 
Rusmadi 2005; Tijani 2006; Ekaputri 2008). The study by 
Zhao et al. (1991), Day et al. (1992), Rusmadi (2005), 
Tijani (2006), Larson and Plessmann (2009), and Zou et al. 
(2009) indicated that the use of seeds, fertilizers, and 
pesticides, could result in beneficial changes in process of 

adoption, rice production, rice value, and farm income. 
Abdulai and Egger (1992), Luomala (2007), and Ferng 
(2009) found that trade prices, income, and food 
consumption affect the rice demand response or what will 
be planted on local cultivated land. Therefore, the 
hypothesis has been formulated that age of household head, 
depreciation of tools, experience of household head in 
paddy farming, labour cost, land cultivation cost, paddy 
farm size, raw materials cost, and rice requirement of the 
household, collectively and individually, significantly 
affecting paddy farm income in East Kalimantan Province, 
Indonesia. 

The multiple log-linear regression equation was used 
and presented below to identify factors affecting paddy 
farm income in East Kalimantan Province, Indonesia:  

 
ln yi = β0 + β1 ln x1i + β2 ln x2i + β3 ln x3i + β4 ln x4i + β5 ln x5i 
+ β6 ln x6i + β7 ln x7i + β8 ln x8i + εi 

 
where: 
yi = paddy farm income (Rp ha-1 cs-1); 
x1i  = age of household head (year);  
x2i  = depreciation of tools (Rp ha-1 cs-1); 
x3i = experience of household head in paddy farming 

(year); 
x4i = labour cost (Rp ha-1 cs-1); 
x5i = land cultivation cost (Rp ha-1 cs-1);  
x6i = paddy farm size (ha); 
x7i = raw materials cost (Rp ha-1 cs-1); 
x8i = rice requirement of the household (kg year-1); 
ln = natural log; 
εi  = error term.  

 
The F test was applied to test the hypothesis on the 

affect of eight socio-economic factors collectively to paddy 
farm income. The t test was done to test the hypothesis 
about the affect of eight socio-economic factors 
individually to paddy farm income. This study calculated 
the multiple coefficient of determination. Testing the 
overall significance of a regression in terms of R2, 
according to Gujarati and Porter (2009), could be done 
through computation F = (R2/ (k - 1)/ ( (1 - R2)/ (n - k)) 
where R2 was the coefficient of determination, (k - 1) was 
numerator df and (n - k) was denominator df. This study 
also counted the Durbin-Watson d statistic to detect 
autocorrelation.  

RESULTS AND DISCUSSION 

Result 
Households of wetland paddy farmers in East 

Kalimantan Province, Indonesia, have some socio 
characteristics as follows. Most of wetland paddy farmers 
are Javanese communities (93.16% or 119 respondents). 
The number of Sundanese, Kutainese, Bugisnese, and 
Banjarnese respondents are 7, 6, 6, and 2 households, 
respectively. Household members of wetland paddy farmer 
are mainly male at 51.92% and the rest are female. 
Household of wetland paddy farmer are largely dominated 
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by children at 40.74%, then followed by household head at 
380 persons, and his spouse at 361 persons. Other 
household members are children in law, grand children, 
family, and non family. This study found that 
approximately 57.79% the household members of wetland 
paddy farmer has married and other 40.25% has not 
married yet. As many as 1.12% the household members of 
wetland paddy farmer divorced and other 0.84% widowed. 
Majority of households of wetland paddy farmer (216 
respondents) have the members between 3 and 4 persons 
(Karmini and Isa 2012).  

Primary data from all respondents were analyzed by 
using descriptive statistics. The minimum and maximum 
data of age of household head, depreciation of tools, 
experience of household head in paddy farming, labour 
cost, land cultivation cost, paddy farm size, raw materials 
cost, and rice requirement of the household could be found 
in Table 1. The average and standard deviation data of each 
factors is also presented.  

The result of F test (Table 2) shows that age of 
household head, depreciation of tools, experience of 
household head in paddy farming, labour cost, land 
cultivation cost, paddy farm size, raw materials cost, and 
rice requirement of the household, collectively, very 
significantly affecting paddy farm income in East 

Kalimantan Province, Indonesia. The F test result meant 
the increasing or decreasing of eight independent variables, 
together, affects the increasing or decreasing the one 
dependent variable. Three variables have the t values 
statistically significant at the 1% level. These variables are 
land cultivation cost, paddy farm size, and raw materials 
cost. It meant, these variables individually, very 
significantly affecting paddy farm income in East 
Kalimantan Province, Indonesia. Meanwhile, labour cost 
significantly affecting paddy farm income. However, the 
other variables are not significantly affecting paddy farm 
income at the 1 and 5% levels.  

The coefficient of variable measures the elasticity of 
dependent variable with respect to independent variable. 
Three variables have positive signs such as depreciation of 
tools, paddy farm size, and rice requirement of the 
household. This positive sign suggests that if the use of an 
independent variable increases by 1%, on average the 
dependent variable increases by about 1%. The other five 
variables have negative signs, namely age of household 
head, experience of household head, labour cost, land 
cultivation cost, and raw materials cost. This negative sign 
suggests that if the use of an independent variable increases 
by 1%, on average the dependent variable decreases by 
about 1%.  

 
 
 
 
 
 
Table 1. Descriptive statistics on factors affecting paddy farm income in East Kalimantan Province, Indonesia, in 2012 
 

Variable Minimum Maximum Average Standard 
deviation 

Age of household head (year) 17.00 85.00 47.50 12.78 
Depreciation of tools (Rp ha-1 cs-1) 5,400.00 650,000.00 106,151.68 80,038.47 
Experience of household head in paddy farming (year) 1.00 60.00 15.44 10.09 
Labour cost (Rp ha-1 cs-1) 1,480,000.00 11,700,000.00 4,224,083.52 1,748,838.97 
Land cultivation cost (Rp ha-1 cs-1) 350,000.00 1,000,000.00 883,614.04 147,190.17 
Paddy farm size (ha) 0.25 5.00 1.27 0.83 
Raw materials cost (Rp ha-1 cs-1) 165,500.00 4,172,000.00 1,190,943.33 692,255.62 
Rice requirement of the household (kg year-1) 113.00 1,130.00 425.53 152.49 
  

 
 

 
Table 2. The results of regression on factors affecting paddy farm income in East Kalimantan Province, Indonesia 
 

Variable Coefficient estimate Standard error t value p value

Intercept  32.532 5.05 6.44 0.00 
ln Age of household head (year) -0.017 0.12 -0.14ns 0.89 
ln Depreciation of tools (Rp ha-1 cs-1) 0.082 0.05 1.54ns 0.12 
ln Experience of household head in paddy farming (year) -0.011 0.04 -0.27ns 0.79 
ln Labour cost (Rp ha-1 cs-1) -0.337 0.15 -2.22* 0.03 
ln Land cultivation cost (Rp ha-1 cs-1) -0.778 0.23 -3.39** 0.00 
ln Paddy farm size (ha) 0.250 0.08 3.10** 0.00 
ln Raw materials cost (Rp ha-1 cs-1) -0.173 0.07 -2.59** 0.01 
ln Rice requirement of the household (kg year-1) 0.003 0.07 0.04ns 0.97 
Note: n = 380; F value = 10.28**; * significant at 5%, p value < 0.05; **significant at level 1%, p value < 0.01; ns non significant. 
Source: Primary data (analyzed). 
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The R2 value of 0.18 shows that 18.15% the variation or 
fluctuation in the paddy farm income is caused by the 
fluctuation in the eight independent variables and 81.85% 
is caused by other factors. The result of testing the overall 
significance of a regression in terms of R2 shows under the 
null hypothesis that R2 = 0, the preceding F value (9.96) 
follows the F distribution with 7 numerator df and 372 
denominator df, respectively. The F value is very 
significant at about the 1% level (2.64). Therefore, this 
study rejected the null hypothesis that eight regressors have 
no impact on the regreesand, notwithstanding the fact that 
R2 is only 0.18. That result indicates that the model is 
correctly specified, that the regressors have the correct 
signs as theoretically expected and that the regression 
coefficients are statistically significant (Gujarati and Porter 
2009). Although the R2 value of this study is lower than the 
study by Ekaputri (2008) who found the R2 value of 0.89 
for the effect of harvested area to rice production in East 
Kalimantan Province, Indonesia. However, it is higher than 
the study by Rusmadi (2005) who found the R2 value of 
0.07 when investigated factors affecting the adoption of 
chemical method by paddy farmers in South Sulawesi, 
Indonesia. This study also found that an insignificant d 
statistic (the d value of 1.50) or lie between 0 and 4, meant 
the non-presence of autocorrelation. The effect of an 
increase of one independent variable on its paddy farm 
income is not expected to affect the independent variable of 
another respondent. 

Discussion 
The younger farmers have the same opportunity to 

obtain the similar paddy farm income as the elder farmers. 
The younger farmers commonly gave more attention to 
paddy farming with their hard works and they put more 
interest in training and others informal education. 
Therefore, they are considered to have the same knowledge 
as the elders. It is revealed that the elder farmers are likely 
to use contract labourers in land cultivation, planting, 
weeding, and harvesting. Even both younger and elder 
farmers apply the same method in paddy farming. They are 
different in the allocation of inputs. They sell the rice to the 
same buyers such as neighbours, small traders or rice 
milling located in their villages. Mostly, rice buyers come 
to the field paddy in harvesting season to buy the harvest 
yield directly from farmers. In this case, farmers do not 
need to incur an extra cost for transport because some 
buyers own and facilitate the transport. Farmers also do not 
spend other expenditure to buy sacks of gunny for rice 
packing because buyers provide them such facility. Some 
farmers prefer to keep some portion of mill dry rice for 
self-consumption and to sell them at another time. 

The technical period of tool is duration tool usage 
which it is predicted around 12 to 60 months. In this time, 
farmers could use them for several times. The technical 
period of tools depends on the utilization, maintenance, and 
price. The frequency of tools usage will affect on the 
capability of tools. It is revealed that there is no specific 
requirement to maintain the tools. In general, the farmers 
clean and dry the tools directly after using, then store them 
in their houses. Most farmers stated that tool price 

determines technical period or quality, so the higher price 
of a tool, the longer duration of its technical period.  

 Members of households commonly have knowledge 
about paddy cultivation since they were children when they 
helped their parents. Therefore, most farmers are familiar 
with the methods of paddy cultivation, so it do not require 
higher experience to manage paddy farming. However, 
Mulyoutami et al. (2009) noted that local knowledge is 
dynamic and evolves over the time; a person accepts new 
knowledge depend on the situation and needs. The result of 
this study is similar to finding of previous studies by 
Adesina and Zinnah (1993) and Rusmadi (2005), but it is in 
contrast to Kamanga et al. (2009). Household heads that 
have high experience, commonly elder farmers, tend to 
reduce their involvement in paddy farming. They increase 
the use of family labourers in many activities in order to 
share knowledge and to minimize production cost. Zahra et 
al. (2007) revealed that family involvement in management 
can either strengthen or weaken a firm's capacity to share 
knowledge, but knowledge sharing practices in a family 
can enhance their positive benefits. According to Rusmadi 
(2005), farming experience significantly negative affects 
process adoption technology in paddy farming. Farmers 
who have more farming experience tend to adopt new 
technology slowly since they are already familiar with 
conventional practices.  

Total labour cost of paddy farming in East Kalimantan 
Province, Indonesia in 2012 was 84.50% of the production 
cost. This number was greater if compared to the raw 
materials cost (12.98%) as well as the depreciation of tools 
(2.52%). The bigger proportion for labour cost indicates 
that labour cost plays an important role in paddy farm 
income. The increase of labour cost is caused by the 
increase in both the quantity and labour wages to an extent, 
leads to the increment in production cost. On the other 
hand, if the production cost increases, the selling price and 
the production quantity remain constant which later, leads 
to the decrease in income of paddy farmers. Paddy 
households can reduce the expenditure for labour cost 
through the increase of family and woman labourers usage. 
Gender roles are partly the result of local ecosystems and 
farming practices which may change over time. For 
instance in Eastern India, women from the middle and 
lower castes work not only in their own rice fields but also 
as hired labourers on other people’s farms (Lambrou, 
2004). Some respondents sow seeds directly in wetland 
field without planting seeds in seedbeds. Thus, it increases 
the seed usage from 50 kg to between 80 and 110 kg ha-1, 
however they could cut the planting cost. Zaini (2004) and 
Boa (2008) reported that wage affects household income in 
Indonesia. Nielsen et al. (2006) mentioned that the use of 
labourers in wet rice farming becoming more efficient due 
to the use of agrochemical inputs and heavily subsidized 
investments in terraces. 

Paddy farm size affects land cultivation cost. Farmers 
who have larger land areas will have a greater expenditure 
for land cultivation than those who have smaller land areas. 
The result of this study is in line with Mirotchie and Taylor 
(1993) and Larson and Plessmann (2009). Land cultivation 
cost is included in variable cost as part of the production 
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cost. The amount of land cultivation cost will affect the 
production cost in which, if the production cost increases 
and the revenue is constant, the profit will decrease. 

The result of regression on variable of paddy farm size 
is in line with the findings of previous studies that 
conducted by Tijani (2006) and Ekaputri (2008), but it is in 
contrast to Adesina and Zinnah (1993) and Rusmadi 
(2005). Most respondents in this study own a land from 
transmigration programme that allow them to have 2 ha 
paddy field per household located besides the house. Some 
respondents could buy paddy fields; however the number is 
small (26 households), because the price of land is quite 
high. Dawe et al. (2008) found there is a relationship 
between land price and rice marketing in the Philippines 
and Thailand. 

Raw materials cost has an important role in determining 
how much income could be obtained from paddy farming. 
Raw materials are the main input in paddy farming. Paddy 
farming needs raw materials in the production process. The 
expenditure for buying raw materials determines the 
amount of production cost and profit. This finding is 
relevant to the result of previous studies by Elnagheeb and 
Bromley (1994), Rusmadi (2005), Tijani (2006), and 
Larson and Plessmann (2009). The increase of raw 
materials cost leads to greater farmer expenditure which 
subsequently forces the decrease of paddy farm income. 
Due to such situation, farmers should optimize the use of 
their inputs in order to reach optimal output, minimum 
cost, and maximum profit, or in other words the production 
process needs to be carried out efficiently and effectively. 
The expenditure for buying raw materials depends on 
quantity, quality, buying price, financial ability, buying 
price of other inputs, etc. 

The increase of rice requirement forces paddy farmers 
to increase paddy productivity. The rice requirement 
increases because the increase of family size forces the 
increase of basic food consumption. The increase of family 
labour means that paddy farming has done more to achieve 
high productivity. If rice production increases, paddy farm 
income will increase. Productivity varies due to 
technological knowledge and natural conditions such as 
soil conditions, geographical location, and climate (Singer 
and Donoso, 2008). The increase of population forces the 
increase of productivity per unit land area (Buhr and 
Sinclair, 1998). The high productivity means more 
potential to obtain high income. The high utilization of 
family labour could reduce labour cost or minimize 
production cost. These factors have a positive effect on 
paddy farm income.  

The result of this study shows that labour cost, land 
cultivation cost, paddy farm size, and raw materials cost, 
individually, significantly affecting paddy farm income in 
East Kalimantan Province, Indonesia. Based on that result, 
this study formulated four programmes that have the 
potential ability to increase paddy farm income in East 
Kalimantan Province, Indonesia. First programme is the 
increase of family labourers numbers with the ways (i) 
leads household members to have skills, work experience, 
and education and (ii) employes household members in 
paddy farming. Second programme is the increase of 

handtractor numbers through the related activities such as 
(i) saves part of income minimum as much as depreciation 
cost of handtractor, (ii) sets up business in selling, renting, 
and maintaining of handtractors, (iii) provides handtractor 
to agricultural institution at village level, and (iv) studies 
related to efficiency of handtractor utilization to know the 
optimal numbers of handtractors in agricultural areas. Third 
programme is the extensification of farm areas with the 
actions as follows (i) increases the planted and harvested 
areas, (ii) rents land to farmers, (iii) developes 
infrastructure and regular maintenance, and (iv) studies 
related to the optimal farm size for paddy farming. Fourth 
programme is the intensification of inputs through supplies 
inputs to farm areas (Karmini and Isa 2013). 

This study constructed a set of variables consists of age 
of household head, depreciation of tools, experience of 
household head, labour cost, land cultivation cost, paddy 
farm size, raw materials cost, and rice requirement of the 
household, affect paddy farm income in East Kalimantan 
Province, Indonesia. However, it is only labour cost, land 
cultivation cost, paddy farm size, and raw materials cost, 
individually, significantly affect paddy farm income in East 
Kalimantan Province, Indonesia. Meanwhile, age of 
household head, depreciation of tools, experience of 
household head, and rice requirement of the household, 
individually, do not significantly affect paddy farm income 
in East Kalimantan Province, Indonesia. Depreciation of 
tools, paddy farm size, and rice requirement of the 
household, individually, positively affect paddy farm 
income in East Kalimantan Province, Indonesia. It meant if 
those variables increase, on average, paddy farm income 
increases. This study estimated that age of household head, 
experience of household head, labour cost, land cultivation 
cost, and raw materials cost, individually, negatively affect 
paddy farm income in East Kalimantan Province, 
Indonesia. This negative effect meant if those variables 
increase, on average, paddy farm income decreases. It is 
possible to reach the greatest profit in paddy farming and 
there are many opportunities to increase the paddy farm 
income. Four programmes that have the potential ability to 
increase paddy farm income in East Kalimantan Province, 
Indonesia are (i) the increase of family labourers numbers, 
(ii) the increase of handtractor numbers, (iii) the 
extensification of farm areas, and (iv) the intensification of 
inputs.  
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Abstract. Arbiastutie Y, Marsono Dj, Hartati MS, Purwanto R. 2017. The potential of understorey plants from Gunung Gede 
Pangrango National Park (West Java, Indonesia) as cervixs anticancer agents. Biodiversitas 18: 109-115. This study aims to screening 
97 species obtained from the understorey plants of The Gunung Gede Pangrango National Park of West Java, Indonesia as the 
anticancer cervixs agents. The anticancer plant activity is determined by the cytotoxicity assay of understorey plant methanol extracts 
against HeLa cervixs cancer cells using MTT test method. IC50 which is an indicator of cytotoxicity is determined by the probit analysis. 
The results show that of the 97 plants tested, there are five potential anticancer plants i.e. Physalis peruviana L. (Solanaceae), Tithonia 
diversifolia (Hemsl.) A. Gray (Asteraceae), Lantana camara L. (Verbenaceae), Clidema hirta (L). D.Don (Lamiaceae), and Solanum 
torvum Sw (Solananceae) with IC50 values of 67.85 µg/mL, 3.38 µg/mL, 43.54 µg/mL, 36.93 µg/mL, and 59.09 µg/mL respectively. 
The phytochemical compound find five understorey plants consisting of alkaloids, steroids, terpenoids, phenol, flavonoids and tannin. 

Keywords: Anticancer, Gunung Gede Pangrango National Park, HeLa, MTT assay, understorey plant 

INTRODUCTION 

Tropical rain forest ecosystem and the entire 
biodiversity in it have the important value for human life 
and the environment, among others, as a source of natural 
resource for human life, the site of the hydrological cycle, 
the cycle nutrients, protecting it from flooding, erosion, 
drought and as a protector of the global climate change 
(Zaenuddin 2008). Based on the results of the inventory of 
potential diversity of medicinal plant species in various 
forest conservations of national parks in Indonesia, it 
shows that each unit of the national park finds various 
species of medicinal plants which can treat the illness of 25 
groups of society (Zuhud 2008). Biodiversity both on trees, 
seedlings and understorey plants is an asset for the 
utilization of natural resources for various purposes 
(Matsjeh 2004). 

Soerianegara and Indrawan (2008) state that the 
understorey as one of the members of the forest 
community, has an important role in forest ecosystems. The 
understorey plants besides having the ecological function, 
it has also be used as food, medicinal plants, and an 
alternative energy source (Hilwan et al. 2013). The 
understorey in the tropical rain forest stratification is 
placing in stratum D, which is a layer of shrubs, bushes and 
ground covering vegetation layer on stratum E 
(Soerianegara and Indrawan 2008). 

Lower plants contain a variety of active compounds in 
the form of secondary metabolites such as alkaloids, 
flavonoids, steroids, triterpenoids, and coumarin (Dewick 
1997; Cutler 2000; and Duke and Steven 1990). The 

content of these compounds have physiological effects and 
useful bioactive ingredients to be used as medicine, 
especially for cancer (Matsjeh 2004). Research that has 
been done previously shown that some plant species of 
understorey plants has a potential cytotoxic (Arbiastutie 
2010). Utilization of understorey plants in tropical forest in 
Indonesia is still very limited and has not been developed. 
Some understorey plants in the forest ecosystem have a 
function as a cure for certain types of diseases, one of 
which is for treating cancer. 

Currently, cancer is still a threat to human life. Death 
from cancer is expected to continue to increase every year. 
Various attempts have been made to the treatment of 
cancer including the chemotherapy. Cancer treatment with 
chemotherapy can harm the healthy body tissue and has no 
side effects occurrence of resistance to cancer drugs given 
(Katzung 1995). Methods such treatment still has 
weaknesses in terms of the high costs and side effects. 
Various obstacles and side effects are pushing the need for 
a new breakthrough cancer treatment method that has a 
high prospect and minimal side effects. One attempt to do 
to cope with the high cost of cancer treatment is to develop 
natural materials as anticancer agents. 

One indicator of plant material as an anticancer agent is 
the nature of cytotoxicity. The potential cytotoxicity of 
understorey can be determined by testing the activity of 
bioactive compounds using cancer cells. Cancer cells are 
commonly used to look cytotoxicity properties of a 
material nature are HeLa cells. HeLa cell is a cell culture 
model of cervical cancer, which is generally used for the 
study because it is quite safe, grows faster and more easily 
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handled (LabWork 2000). This research aimed to inventory 
the understorey plants from Gunung Gede Pangrango 
National Park and evaluation the cytotoxicity of 
understorey plants as anticancer cervixs against HeLa cell. 

MATERIALS AND METHODS  

Study area 
The research sites in the National Park of Gunung Gede 

Pangrango (TNGGP) in West Java, Indonesia. TNGGP has 
an area of 22851.03 hectares. TNGGP topography varies 
from gently sloping to mountainous, with an altitude range 
between 700 m and 3000 m above sea level. The southern 
region, i.e. the area of Situgunung, has severe field 
conditions because there are hills that have a slope of about 
20-80%. The type of soil that dominates TNGGP area is 
latosols brown, brown andosol associations and regosol 
brown, and gray and litosol regosol complex. The climate 
in the region TNGGP is based on the classification of 
Schmidt and Fergusson including the climate type A, with 
the values ranged between 11.30-33.30%, the air 
temperature ranged between 100-180oC, the average annual 
rainfall of 3000-4200 mm (Haris 2001). The field research 
activities are carried out in the zone of utilization of 
Cibodas Resort in Kampong Cibodas, Cimacan Village, 
Pacet Sub-district, Cianjur District, West Java of TNGGP 
with area 958.24 ha. The choice of location is based on the 
existence of the forest resources in the form of abundant 
understorey plants and it still has not been widely studied. 
The understorey plants are the inventory using the transect 
plot. All the leaves of understorey plant are identified expert at 
the Research Center for Biology, Indonesian Institute of 
Sciences, Cibinong Bogor, West Java, Indonesia. 

Procedures 
Preparation of understorey plants extracts 

All the leaves of understorey plants samples are washed 
with the running water until clean and dried in an oven at 
50-70°C. The dried leaf samples are milled using a grinder 
to be a powder. Five hundred grams of dried leaf powder 
are extracted by the maceration with 400 mL methanol for 
3 x 24 hours. The samples are filtered and solvent extracts 
evaporated by using a rotary vacuum evaporator to obtain 
viscous extracts. Furthermore, the extracts are evaporated 
until it is dry and allowed to further used.  

Cell culture 
The HeLa cells are obtained from the Laboratory of 

Parasitology, Faculty of Medicine, Universitas Gadjah 
Mada, Yogyakarta, Indonesia. HeLa cells are cultured in 
RPMI 1640 medium supplemented with 10% fetal bovine 
serum (FBS), 2% penicillin streptomycin, and 0.5% 
fungizone. Cells are incubated at 37°C and with a humidity 
of 5% CO2 until they are confluent ± 80%.  

Cytotoxic test with MTT Assay 
Each methanol extract of the understorey plants as 

much as 10 µg is dissolved in 100 mL of dimethyl 
sulfoxide (DMSO) in order to obtain a test sample stock 

solution with a concentration of 100.000 µg/mL. After that 
the concentration test of each sample is made into 500 
µg/mL, 250 µg/mL, 125 µg/mL, 62.5 µg/mL dam 31.25 
µg/mL. A series of concentration of the understorey plants 
is then diluted in the culture medium, and it is having the 
incubation in CO2 incubator. After 24 hour incubation, the 
medium is removed, and the cells are washed using PBS. 
Then 5 mg/mL of MTT on PBS is diluted by RPMI 1640, 
and 110 µl of reagent is added into each well. Then the 
micro plate is incubated in CO2 incubator with 370C for 4 
hours. After the incubation, the reaction is stopped by 
adding of SDS 10% in HCl 0.01 N. The microplate is then 
incubated overnight in room condition at dark place. Then 
the absorbance of each sample is measured using ELISA 
reader at λ 595 nm.  

IC50 which is the cytotoxicity parameters are determined 
by Probit analysis using SPSS 16 for windows. The 
percentage of cell viability of each concentration of the 
sample obtained is calculated using the formula:  

 
              absorbance sample – absorbance control media  
% Viability = ---------------------------------------------------------- x 100 
              absorbance control cell – absorbance control media 

Phytochemical compound analysis 
The analysis of phytochemical is conducted with Thin 

Layer Chromatography (TLC). The analysis is conducted 
to obtain the metabolite secondary information from each 
extract understorey plant. The extract used in this test is 
only the extract with IC50 value less than 70 of µg/mL. The 
phytochemical compound analysis includes alkaloid, 
steroid, terpenoids, phenol, flavonoid and tannin.  

RESULTS AND DISCUSSIONS 

Results 
Inventory of understorey plants in the National Park of 

Gunung Gede Pangrango (TNGGP) in Zone of Cibodas 
Resort is conducted using the transect plot. The results 
found that there are 97 understorey plants and they 
consisted of 52 families. The dominance family consisted 
of 12 families as follows: Asteraceae (8 species), Solanaceae 
(6 species), Zingiberaceae (4 species), Moraceae (4 
species), Melastomataceae (4 species) and Acanthaceae (3 
species), Begoniaceae (3 species), Gesneriaceae (3 
species), Malvaceae (3 species), Myrsinaceae (3 species), 
Piperaceae (3 species), and Polygalaceae (3 species). The 
other 40 families only consisted of one species plant. The 
families of all understorey plants from TNGGP are shown 
in Figure 1. 

All the understorey plants then being evaluated for their 
potentials as the anticancer cervixs agents using HeLa 
cells. The IC50 value of 97 understorey plants are shown in 
Table 1. 

The results show that from the 97 plants tested, there 
are five potential anticancer plants for HeLa cell cancer i.e. 
Physalis peruviana L., Tithonia diversifolia (Hemsl.) A. 
Gray, Lantana camara L., Clidemia hirta (L.) D.Don, and 
Solanum torvum Sw. The specifications of each 
understorey plants are shown in Table 2. 
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Figure 1. Family of understorey plants from the National Park of Gunung Gede Pangrango, West Java, Indonesia 
 
 
 
 
Table 1. IC50 value of 97 understorey plants from the National Park of Gunung Gede Pangrango (West Java, Indonesia) against HeLa 
cell cancer 
 

Species Family Local name 
IC50 
value 
(µg/mL) 

Traditional medicine uses* 

Agalmyla parasitica (Lam.) Kuntze Gesneriaceae Kitando 269.39 Anti-pyretic 
Ageratum conyzoides L. Asteraceae Babadotan 121.22 Dyspepsia syndrome, stop the 

bleeding 
Amomum pseudofoetens Valeton. Zingiberaceae Tepus sigung 74.83* Contusions 
Angiopteris evecta (G.Forst.)Hoffm Marattiaceae Paku kebo 582.77 Hair nutrient 
Anotis hirsuta (L.f.) Boerl Rubiaceae Kasimukan 371.65 Fever 
Ardisia fuliginosa Bl. Myrsinaceae Kiajag 158.13 Antipirurytic 
Artemisia vulgaris L. Asteraceae Rokat mala 205.96 Gout, fluor albus 
Asplenium nidus L. Aspleniaceae Kadaka >1000 Fever 
Austroeupatorium inulifolium 
(Kunth).King & Robinson 

Asteraceae Kirinjuh 162.82 Treatment of wound 

Begonia isoptera Dryand. Begoniaceae Hariang bodas 473.58 Anti-pyretic 
Begonia robusta Bl. Begoniaceae Hariang beureum >1000 Anti-pyretic 
Begonia sp. Begoniaceae Haring tangkal >1000 Anti-pyretic 
Bidens pilosa L. Asteraceae Hareuga/ketul 190.13 Influenza, sore throat 
Blumea balsamifera (L) DC. Asteraceae Sembung gunung 352.13 Antihelmintic agent 
Brassaiopsis glomerulata Araliaceae Panggang cucuk 576.43 Kidney 
Brugmansia suaveolens Bercht & C Presl. Solanaceae Kucubung 497.98 Anti-diabetic 
Bryonopsis laciniosa (L.) Naudin Cucurbitaceae Koreh kotok >1000 Anti-diabetic 
Carex baccans Nees. Cyperaceae Rumput teki 620.71 Anti-Influenza 
Centella asiatica (L.) Urb. Apiaceae Pegagan 278.05 Anti-itching 
Cestrum aurantiacum Lindley Solanaceae Kijogo  >1000 Anti-itching 
Cestrum elegans (Brongniart ex Neumann) 
Schlechtendal. 

Solanaceae Jawerkotok 
leuweung  

173.21 Anticancer 

Clidemia hirta (L).D.Don Melastomataceae Harendong bulu 37.18 Anticancer 
Coleus galeatus (Vahl) Benth. Lamiaceae Congkok >1000 Antipirurytic 
Curculigo capitulata (Lour.) Herb. Cyperaceae Congkok 460.40 Anti-Oxidan 
Cyrtandra picta Bl. Gesneriaceae Reundeu badak >1000 Antipyretics 
Cyrtandra populifolia Miq. Gesneriaceae Reundeu beureum 501.00 Analgesic  
Debregeasia longifolia (Burm.f.) Wedd. Urticaceae Totongoan >1000 Analgesic 
Diplazium repandum Blume. Athyriaceae Paku buah 574.37 Anti-dysentery 
Elaeagnus latifolia L. Elaeagnaceae Kicepot/kakaduan 389.36 Caring for miss V 
Embelia pergamacea A.DC. Myrsinaceae Kicemang gede 616.31 Mouthwash 
Embelia ribes Burm.f.  Myrsinaceae Kicemang beurit 429.99 Sprue 
Equisetum debile Roxb. ex Vaucher. Equisetaceae Paku ekor kuda 343.93 Antipirurytic 
Euchresta horsfieldii Benn. Leguminosae Kijiwo 125.71 Anti-rheumatic 
Eupatorium riparium Regel. Asteraceae Teklan 151.45 A Treatment of wound 
Eupatorium sordidum L. Asteraceae Babakoan >1000 A Treatment of wound 
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Ficus laevigata Vahl. Moraceae Kihamplas 322.22 Stronger and antibody 
Ficus lepicarpa Blume Moraceae Bisoro 191.16 Anti-diarrhea 
Ficus obscura var. Borneensis. Moraceae Kihamplas besar 349.04 Analgesic 
Ficus ribes Bl. Moraceae Walen >1000 Analgesic 
Ficus variegata Blume Moraceae Kondang benying 349.87 Anti-diarrhea 
Flacourtia rukam Zoll. Flacourtiaceae Rukem 422.46 Anti-diarrhea 
Gynura aurantiaca (Blume) DC. Asteraceae Santoloyo/sintrong 103.64 Dyspepsia Syndrome 
Hedychium roxburghii Bl. Zingiberaceae Gandasoli 636.02 Analgesic 
Homalanthus populneus (Geiseler) Pax Euphorbiaceae Kareumbi 450.67 Antipirurytic 
Impatiens platypetala Lindl. Balsaminaceae Pacar tere 970.92 Skin disease 
Imperata cylindrica (L.) P.Beauv. Poaceae Eurih/alang-alang 756.21 Fever 
Lantana camara L.  Verbenaceae Saliara/stekan 43.17* Anticancer 
Lasianthus purpureus Bl. Rubiaceae Kahitutan tangkal 825.77 Fever 
Litsea cubeba (Lour.) Pers. Lauraceae Kilemo 682.12 Fever 
Medinilla speciosa Reinw.ex Blume Melastomataceae Areuy boboledan 465.34 Antipirurytic 
Medinilla verrucosa Bl. Melastomataceae Harendong bokor 237.31 Analgesic 
Melastoma setigerum Bl. Melastomataceae Harendong koneng 583.78 Analgesic 
Merremia umbellata (L.) Hallier.f. Convolvulaceae Harendong lalaki 142.85 Analgesic 
Montanoa sp. Asteraceae Kidabo 135.45 Analgesic 
Musa acuminata Colla. Musaceae Pisang kole >1000 Skin disease 
Mussaenda frondosa L. Rubiaceae Kingkilaban 258.74 Antipirurytic 
Orophea hexandra Bl. Annonaceae Kisauheun 142.94 Anti-diabetic 
Oxalis intermedia A. Rich. Oxalidaceae Calincing gede 141.85 Anti-hypertency 
Passiflora edulis Sims. Passifloraceae Pasi >1000 Fever 
Passiflora suberosa L. Passifloraceae Konyal 845.69 Kidney 
Physalis peruviana L. Solanaceae Cecenet/ciplukan 67.86* Anticancer 
Pilea trinervia (Roxb.)Wight. Urticaceae Seureuh leuweung >1000 Cough 
Piper arcuatum C.Presl. Piperaceae Rindu leutik 177.87 Mouthwash 
Piper baccatum Bl. Piperaceae Seureuh kandel 273.08 Bad breath 
Piper sp. Piperaceae Haruman 218.93 Antipirurytic 
Pithecellobium clypearia (Jack) Benth Fabaceae Ki haruman 124.14 Antipirurytic for animal 
Plantago major L. Plantaginaceae Ki urat 359.69 Anti-diabetic 
Polyalthia subcordata Bl. Annonaceae Nona Leuweng >1000 Anti-itching 
Polygala paniculata L. Polygalaceae Akar wangi 109.23 Eczema 
Polygala venenosa Juss.ex Poir. Polygalaceae Katutungkul 747.15 Cough 
Polygonum chinense L. Polygonaceae Tiwu bungbum 789.04 Teeth disease 
Rauwolfia javanica L. Apocynaceae Lame 577.41 Antifungal 
Rubus sundaicus Bl. Rosaceae Hareu’eus 509.54 Kidney disease 
Sanicula elata Ham.ex D.Don. Apiaceae Seladri gunung 818.79 Fever 
Saurauia blumiana Benn. Actinidiaceae Ki leho canting >1000 Fever 
Saurauia pendula Bl. Actinidiaceae Jawer kotok 492.95 Antipirurytic 
Schismatoglottis calyptrata (Roxb.) Zoll. Araceae Cariang 399.00 Contusion 
Scutellaria discolor Colebr. Lamiaceae Antanan/pegagan 482.09 Anti-diabetic 
Selaginella opaca Warb. Selaginellaceae Paku rane 292.11 Skin 
Sida rhombifolia L. Malvaceae Sanagori/sidaguri 269.97 Skin 
Smilax macrocarpa Bl. Smilaceae Canar 931.51 Shipilis  
Solanum torvum Sw. Solanaceae Tekokak 58.96* Anticancer 
Solanum verbascifolium L. Solanaceae Teter 371.53 Bio pesticide 
Stephania venosa (Blume) Spreng. Menispermaceae Geureung bodas 164.54 Anticancer 
Sterculia longifolia Vent. Sterculiaceae Palahlar gede 399.48 Fever 
Strobilanthes blumei Bremek Acanthaceae Bubukuan gede 868.50 Kidney 
Strobilanthes cernua Bl. Acanthaceae Bubukuan 

kembang bidas 
968.26 Kidney 

Strobilanthes filiformis Bl.  Acanthaceae Bubukuan letik >1000 Kidney  
Symplocos fasciculata (Kuntze) Zoll. Symplocaceae Jirak leutik 469.83 Antifungal 
Symplocos javanica (Blume) Kurtz. Symplocaceae Jirak 296.20 Antifungal 
Syzygium zeylanicum L. (DC.) Myrtaceae Kijambaga 204.05 Antiseptic 
Tithonia diversifolia (Hemsl.) A. Gray Asteraceae Rigow <32.50* Anticancer, diabetic 
Trevesia sundaica Miq. Araliaceae Panggang rante 266.30 Anti-hypotency 
Urena lobata L.  Malvaceae Pungpurutan 609.61 Anti-rheumatic 
Villebrunea rubescens Bl. Urticaceae Nangsi 851.98 Cough 
Zingiber inflexum Bl. Zingiberaceae Tongtak leutik 192.27 Analgesic 
Zingiber odoriferum Bl. Zingiberaceae Tongtak >1000 Anti-asthmatic 
Note: IC50< 100 µg/mL = active moderate active, 100 µg/mL < IC50< 1000 µg/mL = moderate active, IC50> 1000 µg/mL= non toxic 
(Prayong et al. 2008) 
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Table 2. Phytochemical compounds and cytotoxic activity againts hela cervixs cancer cells of understorey plants from the National Park 
of Gunung Gede Pangrango, West Java, Indonesia 
 
Plant name Family Local name IC50 (µg/mL) Phytochemical compound 
Tithonia diversifolia 
(Hemsl.) A. Gray.  

Asteraceae Rigow 3.38 Alkaloid, phenolics, steroid, terpenoids 

Clidemia hirta (L). D.Don Melastomataceae Harendong bulu 36.92 Alkaloid, phenolics, flavonoids, steroid, serpenoids, tanin
Lantana camara L. Verbenaceae Saliara/stekan  43.54 Alkaloid, phenolics, flavonoids, steroid, terpenoids 
Solanum torvum Sw. Solanaceae Tekokak 59.08 Alkaloid, phenolics, flavonoids, steroid, terpenoids 
Physalis peruviana L. Solanaceae Cecenetan 67.85 Alkaloid, phenolics, flavonoids, steroid, terpenoids 
 
 
 

 
 
Figure 2. Understorey plants that potential as cervixs anticancer from the National Park of Gunung Gede Pangrango, West Java, 
Indonesia. A. Physalis peruviana L., B. Tithonia diversifolia (Hemsl.) A. Gray, C. Lantana camara L, D. Clidemia hirta (L) D.Don, E. 
Solanum torvum Sw. 
 
 
 
Discussions 

The inventories of the understorey plants in Cibodas 
Resort, National Park of Gunung Gede Pangrango, find 97 
understorey plants. The families of understorey plants 
consisted of 52 families, and the highest family is 
Asteraceae consisting of eight (8) species. Indonesia has a 
huge biodiversity and a prestigious heritage on usage of 
herbal medicine. The research of Yusro et al. (2014) states 
from the inventories of the medicinal plants are used for the 
fever disease in 151 Dayak sub-ethnics, including Dayak 
Iban, Kanayatn, Bukat and Daro’ in West Kalimantan, 
there are 33 species consisting of 19 families. The 
dominant family used to overcome the fever disease is 
Rubiaceae, and the most frequently used parts are the 
leaves with the boiling process and drink. Diba et al. (2013) 
find 68 species of plants used for the medicine in 
Dayaknese communities in West Kalimantan. The plants 
are used to overcome the stomach ache, headache, injury, 
acne, menstrual cramps, fever, cough and influenza, bone 
injury, and malaria fever. 

Medicinal plants have a large amount of chemical 
components, and the extraction of drug candidates from the 
plants needs a proper selection of extraction and screening 
method. This is due to find the bioactive compound from 
the plants. In this research, the leaf from the understorey 
plant is the extraction with methanol. Methanol extract has 
a high cytotoxicity than other solvents. In line with our 
results, Alzeer et al. (2014) investigate the impact of 
variable solvent extraction techniques of Palestine 
medicinal plants and cytotoxic effects to HeLa cells, 
B16F10 and MCF-7. The solvent consists of acetone, apple 
vinegar, 90% ethanol, coconut water, 80% methanol, and 
grape vinegar or 5% acetic acid. The results show that the 

highest cytotoxicity value is achieved from ethanol and 
methanol solvents. Yuenyongsawad et al. (2014) also use 
ethanol as a solvent for extraction of Cassia garrettiana 
heartwood. The extract is used to inhibit cancer cell as 
follow: HeLa cells, MCF-7, KB cells and HT-29. The 
extract ethanol, C. garretiana, consists of five compounds 
i.e. chrysophanol, piceatannol, aloe-emodin, emodin and 
cassigarol E. The results show that only four compounds 
have anti-cancer agents, as follow, the emodin has the 
highest activity against HeLa cells with IC50 0.82 μg/mL, 
the aloe emodin has the highest activity against HT-29 with 
IC50 0.29 μg/mL, the chrysophanol has the highest activity 
against KB cells with IC50 0.045 μg/mL, and the cassigarol 
E has the highest activity against MCF-7 with IC50 0.021 
μg/mL. 

The need for utilizing the herbal medicine to overcome 
cancer, especially the cervical cancer because the cervical 
cancer in Indonesia is the first rank as the deadly cancer on 
women (Azis 2009), and this cancer is also the third of 
most common cancer in Iran (Sadjadi et al. 2005). 
Treatments of cervical cancer usually consist of 
chemotherapy, radiotherapy and surgery, but these 
treatments still have the side effect to the patients. Lippert 
et al. (2008) state most of the drugs used for anti-cancer are 
expensive, highly toxic and also having side effect such as 
resistance mechanism. Therefore, many researchers 
conduct the research on used medicinal plants to overcome 
the cervical cancer. 

Patel and Patel (2011) state that the plants for anti-
cancer mostly have the bioactive compounds, consisting of 
flavonoid, phenolic acids and phenolic diterpenes. Similar 
to this statement, the phytochemical screening of 
understorey plants from the National Park of Gunung Gede 

A B C D E 
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Pangrango found that the major bioactive compounds are 
flavonoids, alkaloids, phenol, terpenoids, and steroid 
(Table 2). Flavonoids are a group of aldehyde and it is 
commonly used for medicine. Chandrappa et al. (2014) 
found that flavonoid from Carmona retusa (Vahl.) Masam 
has anticancer activity. Alkaloid is found on Physalis 
peruviana, Tithonia diversifolia, Lantana camara, 
Clidemia hirta, and Solanum torvum. This compound has a 
function as anti-cancer. Li et al. (2008) revealed that 
alkaloid isolated from Angelica dahurica inhibit HeLa cell 
growth. The alkaloid also induced the apoptosis in HeLa 
cells, suppressed the tumor growth, and interfered the cell 
cycle progression. 

Prayong et al. (2008) have classified the substrates 
based on the cytotoxicity, and the selectivity is based on 
five categories i.e. active (IC50< 100 µg/mL), moderate 
active (100 µg/mL < IC50< 1000 µg/mL), non-toxic (IC50> 
1000 µg/mL). The five understorey plants from the 
National Park of Gunung Gede Pangrango are categorized 
on the first category which is active, because all the IC50 
values are <100 μg/mL. Five of six understorey plants that 
have cytotoxic activity chosen to further study. The plants 
included in Physalis peruviana L., Tithonia diversifolia 
(Hemsl.) A. Gray., Lantana camara L., Clidemia hirta (L.) 
D. Donn., and Solanum torvum Sw., with IC50 value are 
67.85 µg/mL, 3.38 µg/mL, 43.54 µg/mL, 36.93 µg/mL, and 
59.09 µg/mL, respectively.  

Patel et al. (2009) found out that the extract of Solanum 
nigrum can inhibit HeLa cell line from in-vitro cytotoxicity 
test. Solanum torvum and Solanum nigrum are the plants 
species from the family of Solanaceae. Arjomandnejad et 
al. (2014) state HeLa cells on the xenograft model as a 
comprehensive description for in vivo investigation. Other 
researchers, Venkateswarlu et al. (2015) have extracted 
Cynodon dactylon with petroleum ether, and these 
compounds are toxic to HEP-2, HeLa and MCF-7 cells. 
The value of IC50 is recorded at a concentration of 0.156 
mg/ml – 0.625 mg/ml of petroleum ether extract of 
Cynodon dactylon. Meanwhile, Larasati et al. (2014) use 
the cinnamon essential oil isolated from Cinnamomum 
burmannii as co-chemotherapeutic agent of cisplatin 
against HeLa cells. The result shows that the cinnamon 
essential oil has cytotoxic effect on HeLa cells with IC50 
value of 250 μg/mL, while the cisplatin shows the 
cytotoxic effect with IC50 value of 18 μM. HeLa cells are 
used in the evaluation anticancer from the herbal medicine. 
Further research will be conducted to know the compound 
and the mechanism of anticancer from each five 
understorey plant. 

In conclusion, understorey plants in the National Park 
of Gunung Gede Pangrango consist of 97 plants and are 
divided into 52 families. The dominant families consist of 
Asteraceae, Solanaceae, Moraceae, Melastomataceae, 
Zingiberaceae, Acanthaceae, Begoniaceae, Gesneriaceae, 
Malvaceae, Myrsinaceae, Piperaceae and Urticaceae. Five 
potential understorey plants as the anticancer cervixs are 
Physalis peruviana, Tithonia diversifolia, Lantana camara, 
Clidemia hirta, and Solanum torvum with IC50 values to be 
67.85µg/mL, 3.38 µg/ mL, 43.54 µg/ mL, 36.93 µg/ mL, 
and 59.09 µg/ mL respectively. The five understorey plants 

from the National Park of Gunung Gede Pangrango are 
categorized on the first category which is active value, 
because all of the IC50 values are <100 μg/mL. 
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Abstract. Saptarini D, Mukhtasor, Rumengan IFM. 2017. Coral reef lifeform variation around power plant activity: Case study on 
coastal area of Paiton Power Plant, East Java, Indonesia. Biodiversitas 18: 116-120. Heat water, a waste, generated by industries 
activity near coastal area had generally higher temperature than sea water. It affected to marine organism which used coastal area as 
their habitat. Coral reefs as one of coastal productive ecosystem had stenotolerant adaptive nature. That nature made them relatively stay 
on narrow spanning upon environment changing factors. This study obtained to understand various composition of coral lifeform around 
steam power plant at district of Paiton in Probolinggo, East Java province. Both coral reef and water observed in five area based on 
distance of heat water distribution and coral presence. Line transect method was unfold in 30m for sampling. Certain parameter like 
coral coverage area, diversity, and water temperature were collect as data barrier factor for it presence. The percentage of coral coverage 
area resulted among 48.37-75.33%, it ranked at middle till good level. ANOVA analysis gave significant different toward inter-location 
coral lifeform and observation location. The ecosystem consisted as massive (CM), foliose (CF), encrusting (CE) and Acropora 
branching coral (ACB) were dominantly coral types who living over there.  
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INTRODUCTION  

Hermatypic coral species, otherwise known as reef-
building or hard corals, are often the dominant component 
of tropical reef systems. They were belongs to productive 
coastal ecosystem that had stenotolerant adaptive nature. It 
made them had narrow adaptation ability for environment 
factor changes. Diversity, distribution, and coral growth 
influenced by environment factors. Light intensity, level of 
exposure, water temperature, current, water turbidity, 
salinity, and suspended solid were physic-chemical factor 
that affected corals life (Supriharyono 2000; Mukhtasor et 
al. 2015). Corals with higher light environments providing 
faster growth conditions compared to growth of the same 
species in lower light environments. Light and levels of 
exposure are considered to be the key drivers of colony 
morphology as well as growth, although across global 
spatial scales, temperature also plays a role. 

Distinguished from their colony morphologies or 
lifeform, coral grouped into Acropora and non Acropora, 
where they differed morphologically like coral branching, 
coral massive, coral encrusting, coral foliose, coral 
tabulate, mushroom (English et al. 1994; Tomascik et al. 
2003; Suharsono, 2010). Certain coral lifeform was able to 
dominate in a kind of habitat, it depended on environment 
condition or habitat. The various corals colony 
morphologies provide the physical complexity that 
characterizes coral reefs 

Coastal areas as reef habitat receive much heat water 
generated from industrial activity. Recently the most 
abundance waste discards of heat water produced by 
electric power plant activity. Amount 20 million meter 
cubic of it, more than 12oC than sea water temperature, 
discharged by 1000 MW power plant (Mukhtasor 2007).  

One of them was (total capacity >1000 MW) Paiton 
power plant at Paiton district, Probolinggo, East java 
province. The heat water reached 175 m3/second for 
maximum discharge. It had amount average number and 
high temperature (around 6-8°C) compared with the sea 
water temperature (Saptarini and Muzaki 2010). It potentially 
destroyed marine organism, especially tropical organisms 
which were they live in tolerance temperature limit. 

 Coastal resources that affected by rising water 
temperature of the cooling water in Paiton district was 
coral reef. Coral reef susceptible threatened upon water 
temperature rising. They responded using physiological 
(feed declining response, decreasing photosynthetic 
comparison, and respiration), interactive and also response 
because indirect impact (Smith and Buddemeier 1992).  

Coral colonies morphologies or coral life form rates of 
which vary greatly between species and between 
environments factor. The purpose of the present study is to 
understand coral lifeform various composition around 
power plant and cooling water outfall. The outcome used to 
consider cooling water management systems in coastal 
area, particularly with coral reef ecosystem in it.  
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MATERIALS AND METHODS  

Area of study  
Data sampling collected from five stations (sta-1  

7°42'51.32"S; 113°35'59.46"E, station 2 7042’53.96”S; 
113035’48.86”E, station 3 7°42'39.37; 113035’33.08”E,  
station 4  7°42'39.10S; 113°35'12.99 E, station 5 
7°42'4.53"S; 113°34'23.96”E), around power plant at 
Paiton Sub-district, Probolinggo District, East Java, 
Indonesia. The sampling location determined by heat water 
extended spread over Paiton coastal (Mukhtasor et al. 
2015). The location captured geographically in Figure 1.  

Methods  
The investigation method for coral reef is Line Intercept 

Transect (LIT). Field surveying of coral lifeform 
composition and coverage was conducted on May-August 
2015. The Line Intercept Transect (LIT) method 
(English et al. 1994) was used to assess the community of 
the reefs. The community is characterized using lifeform 
categories which provide a morphological description of 
the reef community. The LIT is used to estimate the cover 
of a lifeform or group of lifeforms within a specified area. 
LIT method required coral lifeform determination skill so it 
could complete information related to coral community. It 
was use to array coral community structure based on hard 
coral, death coral (with algae), types of substrate, algae, 
others organism (sponge, soft coral) presence coverage 
(English et al. 1994; Ministry of Environment 2001).  

On each station, we measured 20 m line intercept 
transects, with five transect at a depth of 3-5 m using 
fiberglass measuring tapes. At each point where the coral 
lifeform changed, the transition point in centimeters and 
the code of the life form was recorded. All hard corals 
intercepted by the transect were recorded and their 
maximal projected length were measured. An individual 
colony of a hard coral was defined as any colony growing 
independently of its neighbours. The intercept of each 

lifeform encountered under the transect is the difference 
between the transitions points recorded for each lifeform.  

Water temperature is measured every month during the 
time of observation. The temperature was observed at the 
location of the reef and conducted at three depths are on the 
surface, water column and bottom.  

Data analysis  
LIT method describes the coral community structure by 

calculating the percent cover (% cover) substrate randomly. 
The composition of coral species used to determine 
variations of coral species and lifeform formed the 
community. 

Every lifeform based on each category was calculated 
by formula:  

% coral coverage =
pt
pk  x 100% 

Pk is the total length of each coral life form category, 
consisted of hard corals. Pt is the total length of transect. 

 
All categories of lifeform were calculated by formula:  
ni = 

L
li  

Ni is percent of all the coral life form coverage. Li is the 
total length from all categories of reef. L is the total length 
of transect 

 
Coral coverage criteria referred to the Republic 

Indonesia Minister for Environment No. 04/2001 about 
standard for coral reef damage (Table 1). 

 
Table1. Damage criteria for coral reef  
 
Life coral coverage  Criteria  
0-24.9 % living coral cover Poor 
25-49 % living coral cover  Fair 
50-74 % living coral cover Good  
75-100 % living coral cover Excellent  

 
 
 

 

  
 
 

Figure 1. The research located at Paiton coastal of Probolinggo, East Java, Indonesia. Coral reef observation and physic-chemical 
parameter measured in five location  
 

Power  plant  – 
Paiton district 
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Statistic analysis  
The influence of environment factor analysis (water 

temperature) to coral lifeform variations examined by one-
way ANOVA. 

RESULTS AND DISCUSSION 

Coastal temperature condition  
Temperature was a parameter that gave significant 

different result among research stations, compared to 
another physic-chemical water parameter (TSS, Salinity, 
and brightness) toward coral presence and growth in Paiton 
(Mukhtasor et al. 2015). Surfaces temperature had higher 
than others at station 1, and the distribution of high-
temperature cooling water tends to lead the east side 
outfall. Landsat 8 visual analysis using using split window 
algorithm (SWA) showed the similar result that sea surface 
temperature near water outfall was higher than surround 
(Table 2) (Saptarini et al. 2015). It kept higher than coral 
growth optimum temperature which was 25°C-30°C 
(Dahuri et al. 2001).  

High temperature improved toxic compound production 
for zooxanthellae, respiration, photo-inhibitio rate, feed 
behavior, reproduction, and larvae stock (Nakano 2004). 
Supriharyono (2000) argued that temperature changing 
suddenly  at 4°-6°C above ambient level might reduce or 
even kill them. Healthy coral reef had acted to form their 
community structure. Limited larvae stock due to growth 
and reproduction troubles replaced dominant coral types 
(Nakano, 2004). The effect of elevated temperature on 
recruitment of corals including effect of temperature on 
production of coral planulae, effect of temperature on the 
planulae themselves and effect of temperature on settling 
and on the newly settled corals. Elevated temperature 
stimulates planula, but these planulae may be immature and 
less capable of survival. Coral with aggressive growth such 
as Acropora arborescent, often had influenced by high 
temperature (Loya et al. 2001). 

Coral coverage  
Since 2010, 2013 and 2015, coral coverage area tended 

to increase (Figure 2.A). The lowest coverage area 
occurred at 2010 with less than 50% percentage found in 
station 2 (37.70%) and station 4 (48.20%). Drought made 
warmer temperature and longer in time. Coastal 
temperature in Paiton from May, August, and December at 
2010 reach 38°C near outfall area and normal coastal at 
±32°C (Anon. 2010). Zooxanthellae released from coral 
due to bleaching process stimulating coral death, the rising 
of temperature above optimum rate moreover in longer 
time usually became the reason.  Coral bleaching reported 
at 2010 by Saptarini and Muzaki 2010, it conducted 
because the algae losing in any or even all symbion algae 
population. Physiologically, bleaching phenomenon is due 
to the breakdown of the phototrophic mutualistic symbiosis 
between scleractinian corals and dinoflagellates 
endosymbionts (Symbiodinium spp.) commonly referred to 
as zooxanthelae. At the cellular level, coral bleaching refers 
to a substantial or partial loss of the endosymbiotic algae 

Table 2. The temperature of Paiton coastal, Probolinggo, East 
Java, Indonesia surfaces taken in 2010, 2013 and 2015 
 

Year Surfaces average temperature (°C) 
sta-1 sta-2 sta-3 sta-4 sta-5 

2010* 35 34 32.1 32 31 
2013** 34.3 34 31.3 31.7 31 
2015 33.5±0.85 32.3±0.75 31.4±0.41 32±0.57 31±0.5 
Note: *Saptarini and Muzaki (2010); **Anon (2013) 
 
 
from the coral tissues, and the loss of photosynthetic 
pigment concentrations within zooxanthellae (Dupiol et al. 
2009). During bleaching gate, coral had gone 60-90% of 
symbion, unfortunately algae was also lose 50-80% of their 
photosynthesis pigment (Glynn 1996). Lifelong or endless 
troubles made coral get passed away.   

Bleaching coral reefs normally recovered themselves 
when environment stressing decline, conducive, and 
recruiting again symbion algae. Those conditions had 
allegedly played at coral recovery in Paiton coastal area. 
According to hard coral coverage as main component of 
coral reef ecosystem there was increment coverage 
percentage that happened. Hard coral coverage percentage 
in averages for 2013 was 73.38% and 75.48% for 2015 at 
Paiton (Figure 2b). That informed what good coral 
condition over there. It was involve in recovery point after 
coral got stressed (Berumen and Prachet 2006). 

Various composition of coral lifeform 
There were three coral lifeform found for Acropora 

(branching-ACB, dgitate-ACD, tabulate-ACT) and amount 
six non Acropora (branching-CB, encrusting-CE, foliose-
CF, massive-CM, mushroom-CMR, and submassive coral-
CS) (Figure 3). Either Acropora or non-Acropora 
distinguished from axial coralite presence. Non-Acropora 
hadn’t axial coralite but Acropora had both axial and radial 
coralite (Suharsono 2010). 

There was various composition of coral lifeform in five 
locations. Hard coral (non Acropora) were more abundant 
in the coverage percentage rather than massive and 
encrusting coral. Acropora groups dominated at station 5 
(Figure 3) with branching lifeform. The composition with 
more lifeform variation found at station 2, 3 and 4 
compared to station 1 and 5. The high variations of coral 
life form found on stations 3 and 4, each with eight types of 
coral life form. Coral life form types on station 3 and 
station 4 is a massive coral, encrusting coral, Acropora 
tabulate, branching coral, coral and coral branching sub 
massive. In both these stations are the dominant life form 
types of coral massive coral. This indicates that the water 
quality of support for the growth of juvenile coral and 
massive coral growth. As for the three other stations, kind 
of life form in each station varies. Station 1 is dominated 
by the massive coral life form. Some types of coral life 
form in station 2 found in the percent cover on average 13-
17%, i.e. life form coral massive, Acropora tabulate and 
coral foliose. This indicates if environment condition 
supported various types of coral growth of a type of non-
Acropora and Acropora. This is consistent with Nakano 
(2004) that healthy coral reef had acted to form their 
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community structure. Station 5 has a high coral cover but 
has a low variation lifeform. Type dominant lifeform on 
station 5 is the type of branching Acropora. There are 
differences in the composition of coral life form on the 
location affected with heat water produced by cooling 
water. ANOVA analysis performed significant differ 
(α<0.05) from lifeform in each location sampling with 
different temperature.  

Coral that composed reef distinguished at sensitiveness 
level toward different environment stress. Temperature, 
water depth and current had allegedly influence that 
variation. Fluctuating condition affected growth level, 
lifeform, and coral multiplying (Kleypas et al. 1999), 
finally gave impact toward abundance, composition, and 
coral diversity (Baker et al. 2008). Station 1 had closed to 
heat water location produced higher temperature above in 
average than others. 

Lifefrom composition at location 1 gained more 
massive coral (Figure 4). It had good endurance in 
temperature pressure than branching form. It, Porites spp, 

acknowledged able to recover over bleaching process 
although coral death still found (Rani 2001). Branching 
coral had more sensitive upon temperature challenge within 
environment so that above normal current changing of 
temperature might capture as soon as possible (Gleason and 
Wellington 1993; Nakano 2004). According to Hughes 
(1985), the genus Acropora, Pocillopora which usually 
recruit in larger numbers and are more sensitive to 
disturbances and so they are better indicators of whole 
coral community state than corals that are more 
sustainable, like most of the massive corals such as Favia, 
Favites, Goniastrea, and Diploastrea. Whereas at station 5, 
± 2 km in distance from heat water entry location, 
branching Acropora performed domination  (temperature 
stable at 29°C) (Figure 3). According to Sadhukhan (2012) 
higher diversity means longer food chains and more cases 
of symbiosis (mutualism, parasitism, and commensalism) 
and greater possibilities for negative feedback control 
which reduces oscillations and hence increases stability and 
species diversity. 

 
 
 

 
 

A 
 

B 
Figure 2. Coreal coverage in Paiton coastal of Probolinggo, East Java, Indonesia. A. Hard coral coverage of, B. Organism coverage  
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Figure 3. Lifeform composition at Paiton coastal of Probolinggo, East Java, Indonesia. A. Station 1, B. Station 2, C. Station 3, D. 
Station 4, E. Station 5. 
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Figure 4. Coral diversity and lifeform variation at Paiton coastal of Probolinggo, East Java, Indonesia. A. Station 1, B. Station 2, C. 
Station 3, D. Station 4, E. Station 5. 
   

 
 
 
Heat water temperature that produced by steam power 

plant of Paiton activity influenced significantly toward 
variation and composition of coral lifeform. Costal water 
which impacted by heat water had dominated by massive 
coral lifeform, while branching coral had abundant in heat 
water absence. 
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Abstract. Suharti S. 2017. Development of bio-rights incentive scheme for participatory restoration and conservation of mangrove 
resources. Biodiversitas 18: 121-128. Bio-rights incentive scheme is one strategy to accommodate efforts to increase economic benefits 
with efforts to prevent counterproductive activities to the environment (through restoration and conservation of natural resources). This 
study aims to assess the implementation of bio-rights incentive schemes, its achievements, and challenges in its implementation. The 
research was done by using survey method in Pesantren Village, Ulu Jami Sub-district, Pemalang, Central Java, Indonesia, which is the 
location of the pilot project established by Wetland International Indonesia (WII). The research was done in August to December 2014. 
The results showed that bio-rights incentives scheme could encourage the community to participate actively in restoration and 
conservation of mangrove resources. Implementation of bio-rights scheme was done through the provision of micro-credits to the 
community groups to develop activities that can generate sustainable income. Loan repayments and its interest was not in cash, but in 
the form of conservation service activities such as reforestation, habitat protection and the prevention of unsustainable land use. Through 
the bio-rights scheme, besides gaining financial benefits, villagers in Pesantren also received other benefits such as improvement of 
environmental conditions (widespread mangrove plantation, improvement in land productivity and the intensity of mangrove aquaculture). 

Keywords: Bio-rights, conservation, mangrove, participatory, restoration 

INTRODUCTION 

Mangrove ecosystem in coastal areas has invaluable 
benefits for the community and its surrounding 
environment. This region generates public revenue from 
the production of aquatic biota, mineral resources, 
transportation routes and area for pollution neutralizer 
resulted from human activity (Giesen et al. 2007; Walters 
et al. 2008; Kusmana 2010). Numerous benefits contained 
in the coastal ecosystem leading to higher pressures and 
increase in demands to provide and to fulfill human needs 
(food, housing, services) both for now and in the future. 
Therefore, in the utilization of natural resources including 
mangrove, it should be able to accommodate the demands 
of the economy on one side with ecological principles on 
the other side.  

However, some evidence shows that significant role of 
mangrove forest is not supported by the efforts to maintain 
its sustainability. It is estimated that among 3.7 million 
hectares of mangrove areas in Indonesia, 1.8 million 
hectares is now badly damaged due to deforestation. In 
assessing the value of an ecosystem including mangrove, 
there are different perspectives between the decision 
makers and profit-oriented parties on one side with the 
environmentalists on the other side. The first parties 
concern more about investment and economic 
development, whereas the second see the forest ecosystem 
from the perspective of ecology and environment (Giri et 
al. 2008; Soedomo 2013; Kildow and Guo 2014). In this 
situation, the second often are forced to be defeated due to 

economic pressure and the need for area development (Din 
et al. 2008; Sena 2009; Ramdani et al. 2015). Some 
evidence shows mangrove destruction occurred massively 
and converted into ponds and for other uses in many parts 
of Indonesia (Giesen et al. 2007; Kusmana 2012; Samad et 
al. 2013).Therefore, in designing forest ecosystem 
management, it requires a thorough consideration, 
assessment, and analysis hence it would not adversely 
affect its surrounding area (Karminarsih 2007; Samad et al. 
2013). A balance between social economic and ecological 
needs should be taken into account in the planning of 
mangrove forest management.  

Various attempts have been made to ameliorate the 
degraded forest ecosystem through restoration and 
conservation activities, but until now the achievements are 
still lacking. The main reasons of the low success of 
restoration and conservation efforts is the competition 
between the interests of economic objectives with 
ecological objectives (Baderan 2013; Brown 2007; 
Nakagaki 2011). In mangrove management, a rational 
approach is needed to accommodate economic interests in 
one hand with ecological interests on the other hand 
amicably through direct community engagement. Amri 
(2005) reveals that in establishing a program for 
sustainable mangrove management, the economic benefit 
that would be obtained by the local people from the planted 
mangroves would determine the active participation of the 
people and the sustainable of the program. Another crucial 
factor determining the success of sustainable management 
of mangrove is common awareness of the community on 
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the importance and scarcity of the resources (Sudtongkong 
and Webb 2008). Moreover Datta et al (2012) argued that 
ensuring active participation of subsistence based users in 
decision making and resource sharing have been recognized 
as a prime determinant for sustainable mangrove 
management.  

Bio-rights incentive scheme that is implemented through 
funding mechanisms is one strategy to accommodate 
efforts to increase economic benefits of mangrove 
resources and the attempt to prevent counterproductive 
activities to the environment through restoration and 
conservation actions. Research carried out in The 
Philippines also reveals that awareness on potential 
alternative livelihood that can be achieved by group based 
micro development scheme such as bio-rights could 
promote sustainable mangrove resource utilization 
(Chowdhury and Maiti 2014). Bio-rights induces people to 
be actively involved in restoration and conservation of 
mangrove ecosystems in the surrounding areas. In the 
scheme, if the conservation efforts demonstrate the success 
(according to the contract agreed between the initiator and 
the community receiving microcredit), the credit will be 
transformed into an ample grant (Eijk and Kumar 2008). 
The study aims to assess the implementation of bio-rights 
incentive schemes, achievement, and challenges in its 
implementation. 

MATERIALS AND METHODS 

Area of study 
The research was conducted in the community 

participating in the development of bio-rights pilot project 
scheme developed by Wetland International Indonesia 
(WII) in Pesantren Village, Ulu Jami Sub-district, 
Pemalang District, Central Java, Indonesia (Figure 1) (Eijk 
and Kumar 2008). The study was carried out from August 
to December 2014 by using a survey method. 

Methods 
A total of 30 respondents were selected purposively to 

be interviewed about their involvement in the 
implementation of bio-rights, their perception, 
achievements, and challenges in its implementation. 
Selection of respondents are based on their active 
participation in the bio-rights scheme, To get more 
information about bio-rights scheme, in-depth interviews 
were also carried out with 12 key informants who are 
determined by using the snowball method. 

Data analysis 
Data obtained from the research results is analyzed by 

using descriptive analysis (qualitative and quantitative). 

 
 
 
 

 

 
 

 
Figure 1. Research location at Pesantren Village, Pemalang, Central Java, Indonesia 
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RESULTS AND DISCUSSION 

Bio-rights incentive scheme 
Bio-rights incentive scheme was first developed by 

Wetlands International, Alterra Green World Research and 
a number of related organizations in the late 1990s. This 
approach was developed as a response to various social 
problems, an economical and highly complex 
environmental issues that are difficult to overcome with 
conventional natural resources management approach (Eijk 
and Kumar 2008). Bio-rights scheme as an alternative 
solution to the problem is intended to coalesce poverty 
alleviation and environmental conservation. 

Implementation of bio-rights scheme was done through 
the provision of micro-credits to the community groups to 
develop activities that can generate sustainable income. 
Microcredit in many cases is the only alternative approach 
that can be developed to help people get rid of poverty like 
what has been mentioned by Brown (2010): “Microcredit-
the extension of small loans-gives people who would 
otherwise not have access to credit the opportunity to begin 
or expand businesses or to pursue job-specific training. 
These borrowers lack the income, credit history, assets, or 
security to borrow from other sources”. However, in 
developing countries many people doubt about the ability 
of micro credit in poverty alleviation, although it is so 
popular and growing in the United States and Canada to 
overcome the hurdles to self-sufficiency (Brown 2010).  

Similar to another micro-credit scheme, bio-rights is 
also “pro-poor” approach and support activities that often 
have a low return and low market demand (Khandker 
2005) such as rehabilitation and conservation of natural 
resources. Khandker (2005) mentioned that there is an 
assumption stated that aggregate poverty impact of 
microfinance is modest or even nonexistent implying that 
poverty impact at the participant level represents either 
income redistribution or short-run income generation from 
the microfinance intervention. Study on microfinance and 
poverty in Bangladesh done by Khandker (2005) found that 
access to microfinance contributes to poverty reduction, 
especially for female participants, and to overall poverty 
reduction at the village level. Microfinance thus helps not 
only poor participants but also the local economy. Most 
microcredit is offered by non-profit social enterprises; as 
the loans are repaid, the money is invested into other loans, 
bringing the benefits of microcredit to an ever-expanding 
pool of entrepreneurs. Loan repayments and its interest was 
not in cash, but in the form of conservation service 
activities such as reforestation, habitat protection and the 
prevention of unsustainable land use. 

Bio-rights is an incentive scheme that is almost similar 
to the system of Payments for Environmental Services 
(PES). In its establishment, there are three main stages of 
bio-rights scheme that emphasize community involvement 
(Eijk and Kumar 2008). Phase 1 is the funding allocation in 
the form of micro-credit loans for its participants which 
could be used to develop income generating activities on an 
ongoing basis. Stage 2 is the refund of the loan and its 
interest which is not in cash, but in the form of 

environmental conservation services, such as reforestation 
activities, habitat protection, and sustainable land use. Step 
3, if the activities related to environmental conservation 
efforts (phase 2) performs well, then the loan funds 
(microcredit) will be converted into pure grant which 
would then be rolled out to other members of society for 
sustainable development 

Historical development of bio-rights in Pesantren Village 
Pemalang District is one of the districts in Central Java 

Province, Indonesia located on the northern coast of Java. 
The astronomical Pemalang lies between 1 090 17 '30 "-
1090 40' 30" E and 80 52 '30'-70 20 '11 "latitude 
(Pemalang District Government 2014). Pemalang District 
lying from the East to the West has about 34.6 km long 
beach (Eijk and Kumar 2008). Along the coastline of 
Pemalang, there are mangrove forests that function as 
protection from the waves, the wind and sea water 
intrusion. In the early of 1980s, the development of 
aquaculture (ponds) extends significantly to the coastal 
areas of Southeast Asia, including Indonesia to meet the 
high demand for tropical shrimp continuous to increase 
worldwide. Consequently, conversion of mangrove to 
shrimp farms occurred massively in Pemalang. 
Development of shrimp farms managed intensively has 
caused high pollution from waste production of fertilizers, 
pesticides and antibiotics used. Being unaware on the value 
and importance of mangroves as a life supporting 
ecosystem, society abuzz rent their land for shrimp 
cultivation to external investors. As a result, mangrove 
forests in Pemalang lost for several years. Investors rented 
land to build open pond system with very low-cost land 
rental and cheap daily wages. In the first years, cultivation 
of tiger shrimp (Penaeus monodon) gave huge advantage, 
but only a small fraction that was given to the local 
community.  

A few years later, shrimp diseases such as white spot 
syndrome virus outbroke in Pemalang resulting in the 
decrease of shrimp production almost to the point of zero. 
Consequently, investors left the region, leaving poverty in 
the community with no capital or financial at all for 
repairing the damage of natural resources. Mangrove 
destruction also lead to severe erosion and flooding that 
always came during storms and high tides. This had 
hampered the continuing effort of the community to 
cultivate shrimp and fish pond that has been damaged so 
that further enhance the public poverty. 

Considering the very poor conditions of the people in 
Pemalang, in 1998 Wetland International Indonesia 
initiated to develop the bio-rights scheme in the area to 
conduct a re-greening effort of degraded community land. 
The first step was begun by establishing cooperation with 
local NGOs in Central Java to integrate conservation 
objectives and local development without neglecting the 
needs and aspirations of local communities. 

Implementation of bio-rights scheme 
Bio-rights scheme was not implemented on an 

individual basis, but it was developed for a group of the 
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community. At the initial phase, all groups involved agreed 
to focus on the activities of restoration and conservation of 
mangroves and coastal plants. This was the results of 
intensive discussions between the community and with 
relevant stakeholders. Mangrove species planted included 
Rhizophora mucronata, Rhizophora apiculata, Avicennia 
sp. and several coastal plants such as Hibiscus tiliaceus, 
Terminalia catappa, Calophyllum inophyllum and 
Casuarina maritima.  

In order to keep the function of pond aquaculture 
system as well as to meet the economic needs of the 
people, mangroves was not planted on the whole pond area, 
but it was cultivated by using silvofishery cultivation 
pattern. Mangrove planting was aimed to combine the 
function of pond cultivation with ecosystem services 
provided by mangroves replantation. This farming 
technique actually is a strategy to assure that its participant 
would gain economic benefits by involving in the program 
which eventually would increase their active participation 
and high achievement of the program. This is in accordance 
with research results done by Amri (2005) in South 
Sulawesi and literature review done by Datta et al. (2012) 
which proves that economic benefits seem to be necessary 
to guarantee the sustainability of mangrove management 
program establishment. Subsequently, plans were made 
further to restore beaches that formed a protected area 
(green belt) for the ponds from the threat of erosion and 
storm damage. Mangrove was lined grown on sandy soil 
along the coastline with a thickness of 50-100 m width. 
Selection of activities by taking into account the aspirations 
of the people was meant as payoff of the conservation 
service provided.  

The head of community group which is one of key 
informants told that at the beginning of the implementation, 
the contract was agreed for 2-3 years, but later it was 
extended after project intervention showed high 
achievement. Since conservation activities focused more on 
coastal restoration, the indicators selected for success 
attainment was survival rate percentage of the seedlings 
planted. The agreement was if the survival rate reached ≥ 
75% until the period of the contract was completed (after 
three years), then the community acquire reward where the 
status of micro-credit was changed to become pure aid 
(grants). Conversely, if the survival rate was lower than the 
target, it would lead to the repayment of micro-credit either 
the whole or in part, depending on the contract. 

Characteristics of participants involved in bio-rights 
scheme in Pesantren Village 

Pesantren Village communities are participating in the 
bio-rights scheme mostly were owner or worker of the land 
left by the shrimp investors in the past. Cultivation pattern 
developed ranging from monoculture milkfish cultivation, 
milkfish-shrimp-tilapia cultivation, and milkfish-shrimp-
seaweed cultivation. Silvofishery cropping pattern was 
commonly found in fishpond cultivation, where mangroves 
were planted in the middle of the ponds or in bands around 
the pond. Description of the farmers participating in the 
bio-rights scheme in Pesantren Village are presented in 
Table 1. 

Tabel 1. Characteristics of respondents participating in bio-rights 
scheme in Pesantren VillageVillage, Pemalang, Central Java, 
Indonesia 
 
Criteria  Percentage 
Average age (years) 41.5 
Percentage of respondents (%) 
Male 
Female 

 
74 
26 

Average number of family members (persons) 4 
Distribution of main occupation (%) 
Farmers 
Merchant 
Others  

 
74 
3.7 
22.3 

Distribution of education level (%) 
Illiterate 
Elementary 
Junior high 
Senior 
University 

 
3.7 
77.7 
11.11 
3.7 
3.7 

Average cultivated land (ha) 1.2 
Status of cultivated land (%)  
Owner 
Rent 
Profit sharing system 
Wage labor 

 
51.85 
29.63 
7.4 
11.11 

Mangrove species cultivated Rh. mucronata. 
Rh. apiculata. 
C. maritima 

Main reason to select the species planted (%) 
Easy to grow 
Benefits 
Grow fast 
Seedling was easy to get 
Others 

 
33.33 
37.03 
11.11 
7.4 
11.11 

Cropping pattern of mangrove (%) 
Monoculture 
Polyculture 

 
85.18 
14.81 

Number of mangrove trees/ha 1200-1600 
ph/ha 

Frequency of ponds maintenance (%) 
Once a year 
Twice a year 
Three times a year 
Four times a year 

 
55.55 
33.33 
7.4 
3.7 

Kinds of fish cultivated (%) 
Milkfish 
Milkfish-shrimp-tilapia 
Milkfish-shrimp-seaweed 

 
85.19 
3.7 
3.7 

 
 
Table 1 showed that majority of respondents only have 

basic education level (elementary school), and even only 
3.7% of them are illiterate. Abdullah et al. (2014) found 
that there is a correlation between educational attainment 
with a willingness to participate in one program. The case 
in Pesantren Village present different findings as 
participants who involved in bio-rights program have 
different level of education from the lowest level (illiterate) 
until the highest level (university) and even most of the 
participants have only elementary level of education Of all 
respondents, only 51.85% who were landowners, while 
others were fish pond workers. Main considerations in 
selecting tree species are easy to grow and various benefits 
that can be obtained from it. From field observation, it was 
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found that mangroves were planted with a density of 
between 1200-1600 trees/ha. The average land size was 1.2 
ha.  

The success of bio-rights scheme 
Monitoring and evaluation on the grow of mangrove 

cultivation carried out both by bio-rights participants and 
the WII found that the survival rate of seedlings planted 
achieving ≥ 75% in the period of the contract (Eijk and 
Kumar 2008). There are a lot of factors contributing to the 
success of bio-rights establishment in Pesantren Village 
including awareness on the importance of mangrove, 
calculation about threat of risk if mangrove does not exist 
(Sudtongkong and Webb 2008), recognition of potential 
benefits that would be obtained (Farley et al. 2010) and 
support from all related stakeholder (Carter et al. 2015). 
This success had made a change in the status of micro-
credit into pure grant which then can be utilized for 
developing further income generating activities. Although 
bio-rights scheme had been completed several years ago in 
the area, but the impact of the success of the activities still 
clearly can be seen and recognized today. Aquaculture in 
Pesantren Village, which was formerly barren now, has 
become productive. From field observation, it can be seen 
that mangrove trees grow well with an average height of 6-
10 meters. Coastal plants planted even grow to more than 
12 meters. Growing areas along the beach has now become 
dense forest followed by naturally regenerated seedlings. 
System silvofishery is also well developed. 

In addition, mangroves planted in bands around the 
ponds provide shade for pedestrians while mangrove leaves 
falling into the water become nutrients for the ponds. 
Another benefit obtained from mangrove cultivation is the 
availability of animal feed ingredients (goat) of the 
trimmed mangrove leaves. Within a few years, the coastal 
areas of Pesantren Village have gained significant benefits 
from improved ecosystem conditions. The number and 
species of fish that can be caught around the river/canal 
embankment has now increased. Similarly, shrimp and crab 
populations rebounded after nearly extinct. This success is 
in line with Darusman (2012) who argued that the 
appropriate forestry development for the benefit of the 
economy, the environment, and the sovereignty of the 
nation should be multi-products and based on community 
participation, either individually or in groups. Furthermore, 
the establishment of bio-rights incentive scheme has 
facilitated the development of forward linkages for its 
participants i.e. development of food stalls (warung 
makan), fishing activities and fish product processing to 
increase its added value. 

Another factor which also contributes to the success of 
bio-rights incentive scheme developed in Pesantren Village 
is active participation of the community and also related 
stakeholder in mangrove management in Pemalang 
District. This has been enlightened before by Agrawal 
(2000); Memon and Chandio (2011); Datta et al. (2012) 
and Febryano et al. (2014) who revealed that involving 
communities and other stakeholders having close 
relationship and high dependence on the existence of 
mangrove resources would be the important key to carry 

out collective action in management of mangrove 
ecosystem in one area. Subsequently Datta et al. (2012) 
explains that sustainable management of mangrove 
ecosystems will eventually rely on the cooperation among 
governmental bodies and local stakeholders (including 
local community) struggling for a common goal i.e., the 
protection and conservation of mangrove ecosystem.  

Economic impact of bio-rights scheme 
Berhane and Gardebroek (2011) argued that there is 

limited information about long-term impacts of 
microfinance credit that can show evidence about the 
success of the scheme. Another study in Bangladesh also 
tried to evaluate the impact of microfinance programs on 
multidimensional poverty due to several claims, doubts and 
skepticism on the program (Nawaz 2010). The positive 
impact of bio-rights establishment in Pesantren Village 
could be one example of clear evidence on the success of 
microfinance scheme. Although the contract of bio-rights 
officially ended in 2005, the restoration project continues 
to run. Society still meets every week to discuss new 
restoration activities.  

In 2008, 120 hectares of unproductive ponds planted for 
restoration and maintenance activities expansion mangrove 
belt (green belt). The community also maintains colla-
boration in development activities by registering them into 
a cooperative group. This allows for effective cooperation 
in cultivation, production, post-harvest and marketing of 
products with other parties (Eijk and Kumar 2008).  

The success of bio-rights scheme developed in 
Pesantren Village also confirms research done by Brown 
(2010) who argued that microcredit has proven itself as a 
strong stimulant to economic development. People who 
received loan has the capability to pay it back support 
themselves through their increased income, as well as 
employing others and even increased tax income. Like 
already elaborated before, most microcredit is offered by 
non-profit social enterprises; as the loans are repaid, the 
money is invested into other loans, bringing the benefits of 
microcredit to an ever-expanding pool of entrepreneurs. 
Research done by Rahman (2012) confirmed the 
importance of micro credit scheme developed in 
Bangladesh in increasing the socioeconomic condition of 
its beneficiaries.  

Besides several indirect benefits (intangible) generated 
from the existence of mangrove ecosystem including 
protection for Pesantren Village from erosion, waves brunt 
and wind blows, improvements on the environment and 
mangrove habitat, it also provides direct benefits (tangible) 
which can be experienced by the people by the increase in 
their socio-economic conditions. This is reflected by the 
growing number of business alternatives that could be 
developed as a positive impact on the success of farming. 
Revenue earned from fishpond cultivation and its related 
activities (the processing of fish, shrimp, seaweed) 
provides the largest proportion (82.82%) compared to other 
sources of income. This high income helps the people to 
get rid of poverty which they previously experienced. If 
compared with the poverty line set by BAPPENAS 
(Agency for National Development and Planning) and the 
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World Bank for Indonesia, the average income of the 
people in Perantren Village was higher (Central Bureau of 
Statistics 2014) (Table 2). Study on factors affecting 
Fisher’s perception of benefits and participation in Pak 
Phanang Bay, Thailand reveals that monthly income was 
identified as an important factor for participation 
(Jumnongsong et al. 2015). The case in Pesantren Village 
is dissimilar with the situation in Pak Phanang Bay, 
Thailand because at the initial stage of bio-rights 
establishment, most of its candidate of participants are in 
poor condition, hence willingness to participate in the 
scheme was not influenced at all by level of their monthly 
income. 

Table 2 describes that bio-rights scheme developed in 
Pesantren Village obviously could help its participants to 
increase their income significantly. This success is in 
accordance with research done by Brown (2010) who 
found that microcredit has proven itself as a strong 
stimulant to economic development. People who received 
loan has the capability to pay it back support themselves 
through their increased income, as well as employing 
others and generating business for their supply chain. On 
the other side, Governments benefit through decreased 
social assistance costs and even increased tax income.  

Perception on the bio-rights scheme 
Bio-rights scheme has provided an opportunity for the 

people to actively participate in the restoration and 
conservation of mangrove. Learning from experience in 
Pesantren Village, people now understand the value and 
importance of mangroves as life supporting system. Bio-
rights scheme also indirectly induced other stakeholders to 
engage in restoration and conservation of mangrove. The 
result of interviews with selected respondents reveals their 
positive perceptions towards the existence and benefits of 
mangrove forest. Respondents' perceptions on bio-rights 
scheme is presented in Table 3. 

The result showed that bio-rights incentive scheme 
could encourage the people to actively participate in 
restoration and conservation of mangrove. Besides 
receiving financial benefits, villagers in Pesantren Village 
also attained other benefits such as improvement in 
environmental conditions (expansion of mangrove 
plantation, increase in land productivity and intensity of 
mangrove aquaculture) and increased in capacity to 
develop mangrove based business alternatives. This 
evidences showed that Government assistance to the poor 
does not always create people dependency and 
disincentives that make things not better but worse, like 
what has been argued by Morduch (1999) and Kutir and 
Odoom (2009).  

In general, bio-rights participants in Pesantren Village 
express their positive perceptions and satisfaction about 
this scheme. The main aim of the program to restore and 
rehabilitate mangrove ecosystem perform its sustainability 
until now. The achievement of bio-rights scheme in 
Pesantren Village is different from research results from 
Rahman (2012) who reminded that in many cases the 
effectiveness of the micro-credit program tends to decrease 
due to lack of sufficient loan and provision of training 

Tabel 2. Average income of respondents in Pesantren Village, 
Pemalang, Central Java, Indonesia  
 

Criteria Income 
(Rp/ha/th) 

Fish pond cultivation  42,101,008 
Dry land farming (rice field cultivation, garden, 
dry land cultivation) 

2,621,559 

Others  6,446,703 
Total Income 51,169,270 
Contribution of fish pond cultivation (%) 82.28 
Number of family members 4 
Income/capita/month 1,066,026 
Poverty line BPS th 2014 277,802 
Poverty line WB $2/cap/hr  
 

730,260 

 
 

 
Tabel 3. Perceptions of respondents on bio-rights scheme at 
Pesantren Village, Pemalang, Central Java, Indonesia 
 

Criteria Perceptions of 
respondents 

Mangrove condition compared with 
10-15 years ago (%) 
> Better 
Similar 
> Worse 

 
 
85.2 
14.8 
- 

Purpose of planting mangrove (%) 
Income increasing 
Prevention from natural disaster 
Nature conservation 

 
70.37 
74.07 
7.41 

Stakeholder involved and known by the 
people 

Wetland Int’l; Marine 
and Fishery Regional 
Office; Forestry 
Regional Office; NGO 
Sahabat Alam 

Positive impact by participating in bio-
rights scheme 

Increase in income, 
and capacity; 
development of 
mangrove base 
business alternatives 

Local institution could function well (%) 
Yes 
No 

 
90 
10  

Difficulties in mangrove utilization (%) 
High price of production  
Expensive land rent (land access) 
Pest and disease attack (fish and 
mangrove trees) 
Mangrove trees loss  

 
 
40.74 
7.41 
22.22 
29.63 

Benefits of mangrove (%) 
Fuel wood 
Fodder 
Habitat for fish spawning and breeding  
Prevention from erosion and waves  

 
59.26 
40.74 
7.7 
33.33 

Recommendation for better mangrove 
management (%)  
Stable price of production inputs 
Increase of technical extension  
Increase in partnership development  
Increase in mangrove planting  

 
 
50 
11.11 
55.56 
5.56 

Note: Selection of multiple answers 
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facilities. Other findings from Nawaz (2010) were also 
different from the success story in Pesantren Village. He 
argued that in many cases, only a few people (usually with 
better social status) who could benefit microfinance 
scheme and in most cases, it has not reached many of the 
poorest. Therefore Nawaz (2010) suggested that in order to 
increase microfinance effectiveness as a means for poverty 
reduction, microfinance program establishment should be 
provided by related strategies such as skills training, 
technological assistance and education and health support. 
Although the scheme has terminated several years ago and 
support from Wetland International Indonesia as the main 
stakeholder already finished, the scheme is still managed 
well by its participants implying that ecological and 
economic interests could run amicably, Active participation 
of surrounding forest community seems to be the prime 
factor determining sustainable management of mangrove 
ecosystem (Roy and Alam 2012). 

As already elaborated above, harmonious coordination 
among governmental bodies and local stakeholders 
(including local community) struggling for a common goal 
i.e. the protection and conservation of mangrove ecosystem 
seems to be the essential factor for sustainable management 
of mangrove ecosystems (Carter et al. 2015). Lack of 
policy integration and coordination among related 
stakeholders and halfhearted departmental support for 
community participation in mangrove management is 
reported to become the limited success of restoration 
program of mangrove forest in Thailand (Memon and 
Chandio 2011). In addition, the certainty of benefits that 
would be acquired by involving in the program also 
become the essential factor to assure active participation of 
all related parties, mainly local people living in 
surrounding mangrove ecosystem (Amri 2005; Datta et al. 
2012; Abdullah et al. 2014). Jumnongsong et al. (2015) 
found that the perception of potential benefits are more 
important for participation in mangrove management 
compared with the perception of threat and mangrove state. 
Subsequently, increasing awareness of the ecological and 
socio-economic importance of mangrove forests and other 
ecosystems, to balance these benefits against the benefits 
from conversion, and to change the mainstream 
development is extremely needed (Farley et al. 2010). 
Above all, a social campaign meant to change attitude and 
increase of public awareness, active involvement and 
compliance with mangrove management programs of all 
related stakeholders especially coastal community in 
valuing the importance of mangrove ecosystem must occur.  

In conclusion, bio-rights incentive scheme that 
accommodates ecological interests and economic 
considerations is an alternative solution for the 
complexities of natural resources management which 
confront many problems and pressures for its sustainability. 
Bio-rights schemes developed through the provision of 
micro-credit provides people an opportunity to play an 
active role in restoration and conservation of mangroves. 
Through bio-rights, land which is previously unproductive, 
barren and face a variety of threats including erosion, 
waves, and the storm has turned into productive sylvo 
fishery area and other mangrove-based business 

alternatives. To assure its sustainability, mangrove-based 
alternative development activities need to consider the 
potential of resources (biophysical, capital, HR), 
community preferences and market access. Development of 
bio-rights scheme needs to be developed on a larger scale 
and more extensive by involving stakeholders related with 
mangrove ecosystem management. Assurance of potential 
benefits that would be obtained determines enthusiasm and 
active participation in mangrove management. To facilitate 
the effectiveness of microfinance as a means further for 
poverty reduction, microfinance scheme establishment 
need to be provided by related strategies such as skills 
training, technological assistance and education and health 
support.  
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Abstract. Tapilatu RF, Wona H, Batubara PP. 2017. Status of sea turtle populations and its conservation at Bird’s Head Seascape, 
Western Papua, Indonesia. Biodiversitas 18: 129-136. Bird’s Head Seascape region in the northwest of Papua contains the world’s 
highest marine biodiversity. The area is a unique site which contains a full range of marine and coastal habitats that are important for the 
breeding, foraging and migration of several species of sea turtles. This survey aimed to characterize critical habitats that are in use by 
sea turtles across Yapen, Wondama, Manokwari and Kaimana at Bird’s Head Seascape and to assess existing and potential threats to 
both habitats and population. Eight beaches were inspected for evidence of nesting and predation and anecdotal information was 
collected through interviews with 121 fishermen at 23 villages.  The survey confirmed the occurrence of hard-shelled turtles: Green 
(Chelonia mydas), Olive-ridley (Lepidochelys olivacea) and Hawksbill (Eretmochelys imbricata) nesting and foraging populations. In 
addition, the critically endangered leatherback turtle (Dermochelys coriacea) is occasionally seen by fishermen. Sea turtles have long 
been a source of protein for locals. The predictability of the timing and location of turtle abundance exposes nesting populations to long-
term subsistence exploitation that cannot be sustained by these populations. Protection of significant rookeries is seen as the best 
conservation option for sea turtles in the Bird’s Head Seascape region. It is strongly recommended that these areas should be considered 
in any conservation initiative in order to maintain the sustainable population (s) in the Bird’s Head Seascape.  

Keywords: Bird’s Head Seascape, Chelonia mydas, conservation, Dermochelys coriacea, Eretmochelys imbricata, Lepidochelys olivacea 

INTRODUCTION 

The status of the sea turtle stocks in the Pacific Ocean 
basin is poorly understood (Spotila et al. 1996; Meylan and 
Donnelly 1999; Chaloupka and Limpus 2001; Seminoff 
2002; Chaloupka et al. 2004). Most marine turtle 
populations in the Indo Pacific region are severely depleted 
(Limpus 1994, 1997), and the Pacific leatherback has 
declined by 95% over the past 30 years (Spotila et al. 
2000). Tapilatu et al. (2013) found that the estimated 
annual number of leatherback nests at Jamursba Medi 
beach of the Bird’s Head region, Indonesia has declined 
78.3% over the past 27 years. The data from Jamursba 
Medi combined with data from another primary nesting 
area in that region (i.e. Wermon beach), indicate a 
continual and significant long-term decline in nest numbers 
of 5.9% per year since 1984 (Tapilatu et al. 2013). The 
continual decline is of particular concern since these 
beaches support 75% of leatherback nesting in the western 
Pacific (Dutton et al. 2007). As such, the leatherback turtle 
is identified as one of the 131 “critically endangered” 
species by the International Union for Conservation of 
Nature (IUCN). In Canada, the species is listed as 
endangered under the Species at Risk Act (SARA). An 
estimated 90% decline in global population in less than 
three generations is cited as the reason for the designation.  

In the Pacific, the decline was primarily caused by 
excessive harvesting of eggs and nesting females (Meylan 
and Donnely 1999; Chaloupka 2001; Seminoff 2002; 

Horikoshi et al. 1994; Trinidad and Wilson 2000; Gardner 
and Nichols 2001; Limpus et al. 2004; Tapilatu 2013; 
Tapilatu and Ballamu 2015), incidental fishery bycatch 
(Chan et al. 1988; Cheng and Chen 1997; Chaloupka 
2003), and development of coastal areas (Sharma 2000; 
Matsuzawa et al. 2002). Multi-year telemetry studies of 
western Pacific leatherback movement indicated that boreal 
summer nesters forage in the northeast Pacific region, 
which includes Canadian Pacific waters (Benson et al. 
2011). However, threats to this critically endangered 
species occur outside of US-Canadian waters, therefore 
actions to recover Pacific leatherbacks are focused on 
critical nesting beaches in Indonesia. 

The western Pacific population represents the best 
remaining prospect for avoiding extirpation of the species 
in the Pacific. Efforts to protect leatherbacks and other 
marine turtles at the largest nesting beaches on the Bird’s 
Head Seascape (BHS)-West Papua are ongoing, however, 
slaughter of adults and egg harvesting continues elsewhere. 
Turtle meat and eggs from unprotected areas at Bird’s 
Head are sold in local markets. Schultz (1989) believed that 
the decrease of sea turtle populations in Indonesia was due 
to severe over-exploitation. Limpus (1997) concluded that 
the rate of turtle harvest in the entire Pacific region exceeds 
the replacement capacity of existing populations. 
Therefore, community and government support is needed 
to ensure that all remaining pockets of leatherbacks are 
protected and maintained in West Papua, Indonesia.  
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MATERIALS AND METHODS 

This study is the first to systematically survey villagers 
and marine turtle nesting habitat in the Bird’s Head 
Seascape (BHS) region of Western Papua, Indonesia. To 
assess the current status of sea turtles at Yapen Island, 
Wondama, Manokwari and Kaimana (Figure 1), a team 
from the Research Center for Pacific Marine Resources 
(RCPMR), Universitas Papua (UNIPA) Manokwari, West 
Papua, Indonesia conducted beach surveys and interviewed 
villagers between October 2015 and October 2016. The 
team surveyed potential nesting beaches, and identified the  

turtle species and threats at each nesting beach (both 
natural and anthropogenic). Two interviewers used a 
standardized questionnaire to interview local fishermen at 
each survey location (reference for technique).  

Beach-based surveys followed a technique designed to 
identify and characterize potential nesting beaches in the 
absence of turtles (Schroeder and Murphy 1999). Field 
team members documented and quantified evidence of 
nesting, such as crawl track markings and the dimension of 
nesting depressions. Evidence of predation, including the 
presence of eggshells and turtle remains (carapaces, skulls, 
plastrons), were also noted.  

 
 

 
 
Figure 1. Bird’s Head Seascape region survey areas of Western Papua, Indonesia: North of Yapen, Wondama, Manokwari, and Kaimana 
  
 
Table 1. Type of data collected during this survey at Bird’s Head Seascape, Western Papua, Indonesia 
 
Method Type of Data Collected Notes 
Beach survey Nesting evidence: identification of species from crawl tracks and nest 

depressions; and 
Predation evidence: slaughter of turtles, predation of eggs and probable source.  

Data collected by inspecting 
beaches and littoral vegetation. 
Beach surveys. 

Village interviews Species of turtle most commonly sighted; 
Nesting or underwater observations; 
Seasonal trend of sightings; 
Known nesting sites; and 
Type of exploitation activities (subsistence and commercial activity) 

Interviews in villages. 
Data primarily collected on 
local consumption of sea 
turtles and socio-economic 
components. 
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RESULTS AND DISCUSSION 

Villager interview results 
Respondents in all the villages surveyed reported an 

overall decline in the abundance (as measured by 
catchability) of turtles relative to 10-20 years ago 
suggesting the rate of exploitation for local consumption in 
these villages was high 10-20 years ago.  

Results from the community questionnaires also 
indicated that sea turtles (juveniles, sub-adults and adults) 
are occasionally entangled in gillnets. Critically 
endangered hawksbill (IUCN red-list, CITES Appendix 1) 
and green turtles were noted in the gillnet captures.  

Evidence of turtle consumption was found at all (n=23) 
villages visited (Table 2), while evidence of turtle nesting 
was found at all (n=8) beaches visited during turtle nesting 
season (Table 3).  

Yapen Island  
Yapen Island, in the eastern part of the BHS region, has 

been hypothesized to be one functional seascape. Remote 
beaches on the northern coast of Yapen Island are suited 
for nesting (Hitipeuw 2002), and offshore waters provide 
foraging habitat for sea turtles (WWF 1997). However, the 
current status of turtle populations in Yapen are poorly 
known and anthropogenic threats to existing turtle 
populations in the region are increasing due to human 
population growth.  

The results of our village interviews and field surveys 
confirmed previous records indicating green turtles and 
hawksbill turtles are the most common species nesting at 
Yapen Island (Salm et al. 1982; Gilkes dan Adipati 1987; 
and WWF 1997). From the survey, nesting by olive-ridleys 
(L. olivacea) has been reported on small islands off Yapen. 
The preference of olive-ridleys for nesting along the open 
beach zone reduces the chances of observing nesting 
evidence. Several respondents reported common sightings 
of olive-ridley turtles associated with flotsam, which 
confirmed the conclusions of Pitman (1992) who stated sea 
turtles are often associated with flotsam. 

The leatherback turtle (D. coriacea), locally called 
“Kumep”, has been reported nesting on Inggresau beach on 
the north coast of Yapen island, but they are rarely sighted 
by local communities around larger straits in the waters 
around Yapen island.. A satellite tracked leatherback that 
was released from Warmon beach was documented at 
Inggresau, likely to lay eggs (Hitipeuw et al. 2007). 
Sightings of leatherbacks following the prevailing 
westward current is common along Sorenarwa Strait 
(between south Biak and Yapen island) and in 
Cenderawasih (Irian) Bay (Hitipeuw et al. 2007), 
furthermore a villager reported observing a leatherback 
turtle swimming eastward across the Sorenarwa Straits 
around October, suggesting that the Sorenarwa strait could 
be a migratory corridor for western Pacific leatherbacks 
(Hitipeuw et al. 2007).  

Wondama 
Wondama Bay is part of the Cenderawasih Bay Marine 

National Park. Green and hawksbill turtles breed in small 

numbers at the islands of Moor, Mambor, Kumbur, Nu 
Tabari, Mangguar, Anggrameos, Kabuai, Auri islands, 
Roon islands, Mioswaar and Rumberpon, and a relatively 
large number of green turtles breed at Wairundi island 
(Putrawijaya 2000).  

The field surveys also found a green turtle rookery on 
Kumbur Island. The sandy beach is approximatly 3km long 
and is situated southeast of Tanjung Mangguar. Three 
green turtle nest depressions were recorded in December 
2015. Nesting in this area is difficult due to the rooting of 
Casuarinas vegetation which has invaded the suitable 
nesting area. A recent campsite and the footprints of 
transient fishermen were found on the island. This finding 
implies local subsistence exploitation by nearby villagers.  

Wairundi Island is an isolated island east of Rumberpon 
Island that has approximately 5km of beach and hosts a 
substantial amount of green turtle and hawksbill turtle 
nesting. Evidence of nesting was found on the eastern 
beach, including nest pits, both old and new nests, hatched 
nests, eggshells, and fresh tracks. Forty-three body pits 
were found, suggesting this is a locally important green 
turtle rookery. A recently emerged nest found during this 
survey was excavated for hatching success evaluation. Of a 
total of 121 eggs, 102 (84%) eggs hatched and 19 (16%) 
failed to hatch. The clutch size is within the range of green 
turtle nests compiled by Van Buskirk and Crowder (1994) 
from various nesting sites. The nesting beaches utilized by 
green turtles on Wairundi ranged from large, open beaches 
to small, inlet beaches with an open offshore approach. A 
ranger reported that he saw a couple of green turtles mating 
on the coral reef of Wairundi Island during November 
2015. This observation implies that nesting in the region 
may occur in December, confirming the reports by 
Isenebuai villagers on Rumberpon Island and the park 
rangers. 

Leatherback turtles were rarely sighted by locals, but 
there were reports of leatherbacks resting in the inner part 
of Cenderawasih Bay in Wondama, close to Tanjung 
Mangguar. Additionally, satellite tracking indicated that 
Wondama served as a resting and/or foraging area for 
leatherbacks during inter-nesting periods (Hitipeuw et al. 
2007). The results obtained during this survey were 
consistent with the assumption that this species migrates 
through the region, utilizing the area for resting and/or 
foraging, probably during inter-nesting periods, but does 
not use the area for nesting. It was reported that in 2013, a 
basking leatherback in Kwatisore (south of Cenderawasih 
Bay) was killed by fishermen using a harpoon. 

When interviewed, local respondents reported green 
and hawksbill turtle nesting and foraging areas, however 
they could not locate these areas on maps. Green turtles 
aggregate on specific beaches for nesting, therefore they 
are more vulnerable to hunting and poaching during the 
nesting season. On the other hand, hawksbill turtles 
demonstrate more seasonally and geographically diffuse 
nesting, making it more difficult for hunters and poachers 
to find them ashore; instead they are forced to trap or spear 
hawksbills in foraging areas. 
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Table 2. Summary of village interview results at Bird’s Head Seascape, Western Papua, Indonesia 
 

Village 
 (No. of 

respondents) 
Location 

Species sighted 
nesting 

and inwater by 
villagers 

Months nesting 
observed by villagers

Known nesting/  
foraging habitat Types of exploitation

 
Yapen 

     

Mios Indi (3) Island north of Yapen 
Island 

Cm, Ei Unknown Mios Indi Inwater poaching 

Sambrawai (5) North of Yapen Island Cm, Lo, Dc April-September Inggresau Egg harvest, inwater 
poaching 

Yobi (5) North of Yapen Island Lo, Dc, Cm April-September Inggresau Egg harvest, adult 
harvest on the beach 

Soromase (7) North of Yapen Island Cm, Dc, Lo April-September Inggresau Egg and adult harvest 
on the beach 

Inggresau (10) North of Yapen Island Cm, Dc, Lo April-September Inggresau Egg and adult harvest 
on the nesting beach 

Aisauw (9) North of Yapen Island Lo, Cm, Dc April-September Inggresau Egg and adult harvest
Worabori (2) West Yapen Island Cm, Ei Year round Woinap, Kuran islands, Naori, 

Bawei, Kuriati 
Egg harvest, inwater 
poaching 

 
Wondama 

     

Kamrei (2) Moor Island Cm, Ei Year round Cm and Ei at Moor islands, Lo 
at mainland 

Egg harvest, inwater 
poaching 

Hariti (2) Mambor Island Cm, Ei March-April Nu Tabari, Kumbur, Papaya, 
Nuburi and Mambor islands 

Egg harvest, inwater 
poaching 

Yaur (5) Yaur Cm, Ei November-January Kumbur, Kikir, Rori islands, 
Tj. Mangguar 

Egg harvest, inwater 
poaching 

Kayop (2) Roon Island Cm, Ei Year round Auri islands, Anggrameos, 
Kabuai, Kom, Waurundi 

Egg harvest, inwater 
poaching 

Isenebuai (2) South Rumberpon Cm, Ei January-March Waurundi, Rooswar Egg harvest, inwater 
poaching 

 
Manokwari 

     

Nuni (5) Mainland Lo, Cm, Dc April-September North coast of Bird’s Head Egg and adult harvest 
Minyeifoka (3) Mainland Lo, Cm, Dc May-September North coast of Bird’s Head Egg and adult harvest 
Mubraidiba (6) Mainland Lo, Cm, Dc April-September North coast of Bird’s Head Egg and adult harvest 
Warbefor (3) Mainland Lo, Cm, Dc April-October North coast of Bird’s Head Egg and adult harvest 
Sairo (2) Mainland Lo, Cm, Dc May-September North coast of Bird’s Head Egg and adult harvest 
Mandopi Mainland Lo, Cm, Dc May-September North coast of Bird’s Head Egg and adult harvest 
Sidey (7) Mainland Lo, Dc, Cm Year round North coast of Bird’s Head Egg and adult harvest 
Mubrani (5) Mainland Lo, Dc, Cm Year round North coast of Bird’s Head Egg and adult harvest 

 
Kaimana      
Lakahia (11) Island at Etna Bay Cm, Ei May-August Southeast of Bird’s Head Egg and adult harvest
Omba Nariki (5) Mainland Cm May-August Southeast of Bird’s Head Egg and adult harvest
Venu (4) 
 

Island west of 
Kaimana 

Cm, Ei, Lo Year round Island, west of Kaimana Egg and adult harvest

Note: Cm = Chelonia mydas, Ei = Eretmochelys imbricata, Lo = Lepidochelys olivacea, Dc = Dermochelys coriacea 
 
 
 
  
Table 3. Beach survey results at Bird’s Head Seascape, Western Papua, Indonesia 
 
Locations Number of potential nests Species Survey time and numbers 
Inggresau, north of Yapen 0  October 2015, once 
Wairundi Island, Cenderawasih Bay 67 Cm October 2015, once 
Warbefor, Manokwari 2 Cm February 2016, once 
Sidey, Manokwari 2 Cm , Dc April 2016, once 
Mubrani, Manokwari 3 Dc April 2016, once 
Lakahia, Kaimana 0  March and October 2016, twice 
Omba Nariki, Kaimana 0  March and October 2016, twice 
Venu Island, Kaimana 214 (counted as of Jan 2016) Cm, Ei March and October 2016, twice 
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The field survey found evidence of poaching and two 

disturbed nests, which were devoid of eggs, at Wairundi 
Island. Green turtles dominated the small islands scattered 
around the Cenderawasih Bay in Wondama, and though 
less dominate in numbers, hawksbill turtles also use these 
beaches. Villagers reported gill-net entanglement of all age 
classes of green and hawksbill turtles.  

Manokwari 
Sea turtle surveys were concentrated at the north coast 

of Manokwari, on a 30 km stretch of beach that included 19 
villages. Salm (1982) used aerial surveys to identify the 
Sidey-Wibain area, located to the east of Manokwari, as an 
important nesting area for leatherbacks. Three other species 
of turtles, olive-ridley, green and hawksbill, also use this 
area for nesting. Sea turtle populations on the north coast of 
Manokwari have declined significantly since the 1990s due 
to village development as part of devolution policy of the 
Manokwari regencial government and over exploitation. 
Residents stated that the leatherback was the dominant 
species of turtle nesting prior to the 1980s. This matches 
the chronology of the decline observed in the estimated 
number of nests at the principal nesting beaches, Jamursba 
Medi and Wermon (approx. 200 km west of Manokwari). 
Currently, the dominant nesting turtles along the north 
coast of Manokwari are olive-ridleys, followed by green 
turtles. Leatherback and hawksbill turtles have become rare 
in this area compared to 25 years ago.  

Outreach for sea turtle conservation was conducted in a 
total of 10 coastal villages located on the coast at 
Manokwari by staff from RCPMR-UNIPA. The Marine 
and Fisheries bureau of Papua Barat Provincial 
Government followed up our outreach by erecting an 
announcement board containing a solicitation to preserve 
sea turtles for the next generation (a hot line number was 
provided to call to report turtle sightings). Outreach by the 
same team at Mubraidiba village on November 3, 2015, 
was combined with a visit to check the construction of a 
sea turtle hatchery nearby. The hatchery was constructed to 
accommodate at-risk nests from poaching and high tide that 
need to be relocated in the area north of Manokwari.  

This outreach has successfully increased awareness 
among coastal villagers of the importance of sea turtle 
conservation in the area. Evidence for this was 
demonstrated by community members who reported 52 
olive-ridley and green turtle nests between May and July 
2015.Thirty five of those nests were relocated into a 
temporary hatchery at Warbefor, resulting in approximately 
3,750 hatchlings that were safely released to the sea. On 
November 15, 2015, a leatherback nest was found by a 
villager in Sairo village. Because the nest faced a high risk 
of poaching, predation by domestic dogs and inundation by 
high tide, the clutch was relocated to the Laboratory at 
RCPMR at UNIPA campus, Manokwari. The hatching 
success was low (7.1%). On November 29, 2015, a female 
leatherback nested at Nuni village. Unfortunately, the 
leatherback was killed, but the team was able to save the 
nest and relocate it to the hatchery in Mubraidiba. On 
December 24, 2015, a villager found a leatherback between 

Sairo and Mandopi villages. The villager restrained the 
leatherback with ropes for 6 hours with the intention to 
slaughter it for Christmas feasts. Another villager, 
however, reported this to RCPMR and RCPMR 
successfully negotiated the turtle’s release. The villager 
who restrained the leatherback came to understand the 
significance and released the leatherback with minimal 
compensation. On January 27, 2016, a female leatherback 
nested in Sairo village and returned safely to the sea. 
However, the nest was taken and consumed by a family 
who owns the beach sector where the leatherback nested. 

Kaimana 
Villagers at Omba Nariki and Lakahia reported that 

they rarely encounter leatherback nesting on beaches close 
to the villages. These beaches may not be suitable for 
nesting due to beach characteristics such as: the narrow 
width of the beach, the lack of a well developed sand dune, 
during low tide the beach is long and flat, the water is dirty, 
and the proximity to multiple rivers and estuaries results in 
overgrowth of mangroves and casuarinas, . These 
conditions are in sharp contrast to the typical nesting beach 
for leatherbacks at the north coast of Bird’s Head. 
However, the villagers were able to confirm the findings of 
Benson et al (2011) who identified the waters west of 
Kaimana as a leatherback turtle foraging hotspot. Villagers 
reported regular encounters with leatherbacks basking and 
foraging in Kaimana waters, particularly during the dry 
season when jellyfish are abundant.  

Two leatherback gillnet entanglements were 
documented during the survey. In 2003, a Lakahia 
fisherman incidentally captured a female leatherback in a 
gillnet, who was found to have eggs in the reproductive 
tract. Furthermore, a leatherback was found exhausted and 
eventually died on the beach of Kaimana city due to 
entanglement in a gillnet in 2011.  

The extent of turtle harvest in this region was described 
by a villager from Venu Island in Kaimana who stated that 
prior to 2010 he sold every turtle he captured to 
commercial turtle dealers on wooden ships. The wooden 
ship would anchor for several days to collect and ship 
between 700-1,000 green turtles annually. Only during the 
peak of nesting season were some turtles allowed to return 
to the sea. The shell from a recently butchered large adult 
green turtle was observed drying next to a hut on the island.  

No turtle tracks were sighted during beach surveys 
during the survey period in March 2016 at Omba Nariki 
and Lakahia (Table 3). However in Venu island, 214 turtle 
nests were found, mainly from green turtles and hawksbill 
turtles. At Venu island, one of the green turtles encountered 
(84 cm carapace length) was nesting and a datalogger was 
placed at the bottom part of the nest to record nest 
temperature during the nest incubation period. None of the 
turtles that nested on Venu island had been tagged and a 
few females appeared to be free of fibropapilloma, a tumor 
disease which occurs in the Hawaiian green turtle 
population (Balazs and Pooley 1991).  
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Threats to Turtle Populations in Yapen, Wondama, 
Manokwari and Kaimana 

Exploitation of sea turtles, primarily for subsistence, is 
a long-standing practice by Yapen, Wondama-
Cenderawasih Bay and Manokwari residents. Sea turtles 
have long been a source of protein for the locals. Residents 
confirmed the practice of harvesting turtles from various 
islands for daily consumption and special events, such as 
Christmas and custodial feasts. Traditional spears and 
modified hooks are often carried in fishing boats to catch a 
turtle in-water. Hawksbills are least favored for 
consumption by villagers while greens are most favoured 
due to its delicacy. Hunting for subsistence typically occurs 
when the turtles are foraging in-water or nesting. All 
respondents reported that over the past two decades a 
decline in encounter rates with turtles has made it more 
difficult to catch them. We believe this decline is likely 
caused by unsustainable exploitation. 

Respondents reported that they caught greens, 
hawksbills, olive-ridleys and occasionally leatherbacks at 
sea with a traditional harpoon and a modified hook with 
buoy. The modified hook is similar to the ones used by 
Yapen, Wondama-Cenderawasih Bay and even Raja 
Ampat islanders (Figure 2.A-B). They reported that greens 
and hawksbills are occasionally entangled in gillnets, 
indicating an overlap between local fishing areas and turtle 
habitats. Entangled turtles of all sizes are not released but 
instead consumed.  

Our survey results suggests that most, if not all, turtle 
nests laid in Yapen, Wondama-Cendrawasih Bay, 
Manokwari and Kaimana are harvested. Increasing harvest 
pressure on all age classes of turtles in small populations, 
such as those found in the Bird’s Head Seascape region, 
could prove unsustainable in the future, threatening the 
viability of the existing populations.  

Predators such as monitor lizards and domestics dogs 
on large island such as Yapen and mainland Manokwari 
represent additional factors threatening sea turtle populations. 
Limpus (1997) suggested that a high level of nest predation 
by such predators would likely cause a decline in numbers 
of sea turtle nests over the next decade. Moreover, beach 
erosion on several islands in the region, particularly on 
Wairundi, has reduced the size of nesting habitats. Further, 
the root invasion by Casuarina trees on beaches such as on 
Kumbur island could hamper nesting. The sustained, long 
term cumulative impact of these threats could cause a 
substantial decline in sea turtle populations in the region.  

Natural predators of sea turtles were recorded during 
the village surveys in Kaimana. Numerous sharks, species 
unknown, were recorded. Although these sharks are not 
known predators of adult sea turtles, they are capable of 
feeding on hatchlings and small juveniles (Balazs 1980). 
The tiger shark (Galeocerdo cuvier), is the only known 
major predator of juvenile, sub-adult, and adult green 
turtles (Balazs 1980). This shark is nocturnal/crepuscular 
(Balazs 1980), and likely occurs at Kaimana.  

The results indicate that the Bird’s Head Seascape is 
prime habitat for both foraging and nesting for all four of 
these sea turtle species (leatherback, green, hawksbill, and 
olive-ridley). The results also indicate that all of these 
species have been declining for at least several decades and 
are continuing to decline. In the case of the leatherback, it 
is already at critically low levels, and the Bird’s Head 
Seascape appears to be the most crucial habitat for the 
leatherback in the western Pacific. The decline of all four 
species appears to be directly linked to exploitation of the 
turtles and eggs, both on the nesting beach as well as in-
water captures. Much of this appears to be due to 
subsistence exploitation, but there was also evidence of 
some commercial exploitation of both turtles and eggs.   

 
 
 
 

 
 
Figure 2. A. Typical hook used by fishermen to catch sea turtles in-water at Mios Num (Photo: R.F. Tapilatu). B. The same type of 
modified hook used by fishermen in Raja Ampat island (Photo: C. Hitipeuw) 
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The findings from the study are significant and 

extremely important as baseline information regarding the 
distribution and conservation status of four sea turtle 
species (leatherback, green, hawksbill, and olive ridley) in 
the Bird’s Head Seascape area. This type of information is 
paramount to making science-based management decisions 
and developing management strategy for ensuring the 
recovery of all four of these sea turtle species in the Bird’s 
Head Seascape. There is an immediate need for 
conservation measures to ensure the protection of nesting 
and foraging sea turtles, and the protection of nests and 
hatchlings on the beaches to ensure recruitment into the 
populations with the implications for the entire western 
Pacific. Without such measures, all populations may 
continue to decline to critically low levels. Further, 
protection of the leatherback in the Bird’s Head Seascape 
appears to be pivotal to the recovery of leatherbacks in the 
western Pacific, as well as the entire Pacific Ocean basin.  
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Abstract. Astiani D, Mujiman, Rafiastanto A. 2017. Forest type diversity on carbon stocks: Cases of recent land cover conditions of 

tropical lowland, swamp, and peatland forests in West Kalimantan, Indonesia. Biodiversitas 18: 137-144. Tropical forests constitute for 

a large concentrated carbon pools, ultimately in tropical peatland forest since this forest type sink carbon both in the vegetation and its 

underlying peat. However, these forests recently experienced a lot of pressures from anthropogenic disturbances. A study was conducted 

to estimate carbon stocks of degraded tropical lowland, swamp, and peatland forests in Kayong Utara West Kalimantan. Above ground 

survey was conducted using stratified sampling based on the differences in spectra of Landsat 7 ETM+ according to the land cover 

gradation or vegetation formations. The study area was classified based on the canopy closures and forest/landcover types and grouped 

into low and high degraded lowland forest, low and high degraded peat forest, low and high degraded swamp forest, shrub land, and 

mixed agricultural land. Aboveground carbon stocks in each group was estimated by purposively assessing all carbon sources within 5-

11 plots of 20 m x 100 m area. Belowground carbon was also measured on peatland. Results show that among the groups, the highest to 

the lowest order of aboveground carbon sink consecutively were low degraded swamp, low degraded lowland, low degraded peatland, 

high degraded swamp, high degraded peatland, high degraded lowland forests, mixed agricultural land, and shrub land (269.1 to 46.3 ton 

C/ha) plus other biomass sources recruited from belowground roots. It is demonstrated that forest degradation and land cover changes 

reduce amount of above ground carbon stocks and thus could result large amount of carbon loss from forests. Surprisingly, our results 

demonstrated that 0.5-5.2 m belowground carbon in peatland contribute to large amount of carbon Each meter depth of those fibrist to 

hemist peat sinked ~634 ton C/ha. It is estimated that the 22,600 ha area of overall forest types/ land covers sink ~2.5 million of 

aboveground and ~5,570 ha peatland area hold ~9.2 million of below ground carbon. This amount of carbon is potential sink of carbon 

yet could be a huge losses if peatland forest and land cover changes continued. 

Keywords: Aboveground carbon, belowground carbon stocks, degraded forest, land cover change, forest types  

INTRODUCTION 

Tropical forests provide an enormous roles to 

environment ecosystem not only to local people but also to 

global population such as habitat biodiversity, hydrology 

regulator, and carbon storage. They have a significant role 

in storing huge amounts of carbon. They store the carbon in 

above ground biomas, as well as in belowground. Tropical 

forests fix large amount CO2 from atmosphere through 

photosynthesis and store carbon as biomass. However, the 

ecosystem recently deserve special attention because of 

continuing considerable degradation and destruction 

(Celine et al. 2013).  

The destruction of tropical peatland ecosystem not only 

on the above ground vegetation, but it was destruct also 

below ground peat soil (Don et al. 2011; Welloct et al. 

2011) The deforestation rates of intact forest in Southeast 

Asian tropical peatlands-concentrated in Sumatra and 

Kalimantan, Indonesia-has been reported as 3.4% y-1 from 

1990-2010 (Achard et al. 2002; Miettinen et al. 2011). 

Similar to the global condition, tropical forests in Indonesia 

are in a lot of pressure mainly due to anthropogenic 

activities such as logging causing forest disturbances and 

degradation (Margono et al. 2012) .  

Forest degradation could bring the forests into small, 

unsignificant, a temporary shifting or could cause large, 

very significant, permanent destruction. The changes are 

not only in forest vegetation density, structure, and their 

potential to stock and emit carbon but also in species 

composition. The condition could lead to reduce their 

productivities (Lambin 1999; Astiani 2016; Astiani et al. 

2016). Since tropical forests play a major role in regulating 

global carbon, fluxes and stocks-especially in peatland 

(Anderson 1983; Maltby and Immirzi 1993; Brown 2002; 

Hooijer et al. 2010), even a very small alteration to carbon 

balance in a biome, could have a significant effect on 

atmospheric greenhouse gasses especially carbon dioxide 

(Rieley and Page 2005; Hooijer et al. 2006; Uryu et al. 

2008; Wood et al. 2012). Globally, however, deforestation 

and forest degradation is threatening forest CO2 

sequestering function of forest (Jaenicke et al. 2008; 

Saatchi et al. 2011), and deforestation and degradation 

account for approximately 12% of global GHG emission 

(Van der Werf et al. 2009). 
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Tropical forest in Indonesia has most extensive and 

biologically diverse tropical forests in the world. However, 

most of its forest types had been degraded. It is important 

to reveal how forest degradation within different forest 

types impact on their roles in storing carbon. To improve 

estimates of forest role in maintaining carbon stocks of 

recent West Kalimantan forest condition, our study was 

designed to estimate current carbon stocks of variably land 

covers occupying a large landscape of mixed forest types 

and land covers and concurrently with belowground carbon 

stocks of peatland in Kayong Utara in West Kalimantan, 

Indonesia. 

MATERIALS AND METHODS 

Site selection  

The areas of carbon assessment were located in 

between 1100 10' 0” E to 1100 22' 80” E and 00 65' 0” S to 

10 65' 0” S in S Matan, Kabupaten Kayong Utara, West 

Kalimantan, extending ~ 22,600 ha within PT Citra Usaha 

Lestari (CUS) oilpalm concession, covered with mixed 

forest type, agriculture (1-3 years old oilpalm) area. shrub 

land and open area (Figure 1). Below ground carbon 

assessment was located in the middle northern block and 

Middle East corner block of concession area which covered 

by peatland forest (5,576 ha). This area was chosen based 

on the indication of peat land area derived from satellite 

image interpretation and soil map. Above ground carbon 

assessment was distributed throughout the area based on 

the stratified land cover/forest types, however we found 

swamp forest in a form of small patches interspaced within 

peatland forest and difficult to deliniate the area in the map. 

therefore on estimating overall carbon stocks in the area, 

the carbon-stock calculation was interpreted base of field 

finding and estimation. Below ground carbon assessment 

was focused in peatland area.  

Sampling approaches  

Above ground survey was conducted using stratified 

sampling based on the differences in spectra interpretation 

of Landsat Image according to the land cover or forest 

types. The area was classified and refined based on land 

cover types in the area: low degraded lowland (LDLF), 

high degraded lowland (HDLF), low degraded peatland 

(LDPF), high degraded peatland forest (HDLF), low 

degraded swamp forest (LDSF), high degraded swamp 

forest (HDSF), mixed agriculture (mixed crops, oilpalm), 

and shrub covered lands (Figure 2) . 

 

 

 

 
 

Figure 1. Research site in Kayong Utara District of West Kalimantan, Indonesia 
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Within each land cover stratification, we purposively 

measured 9-12 plots of a 20 m x 100 m size for 

aboveground carbon estimates and, under peatland area, we 

also assessed below carbon stocks. In each plot we 

measured 5 carbon pools: tree diameter >20 cm within 20 

m x 100 m area; tree diameter >5 cm and <20 cm within 

5m x 40 m nested plot; necromass (standing woody debris, 

CWD, stumps) within nested plot of 5 x 40 m; ground 

storey 4-6 1 m x 1 m nested plots; and litter, 4-6 0.5m x 0.5 

m nested plots. Except for ground storey vegetation and 

litter sampling which using destructive technique, all 

sampling measurement on forest vegetation were using non 

destructive methods (Figure 3). To estimate tree and 

necromass biomass, we used allometric equations 

generated by Brown (1997); Chave et al. (2005); and 

Puhlin (2009).  

Based on peat area indication maps, we produced a 

sketch map describing planned transects to be measured. 

Within each transects we took measurement using 

systematic sampling and the points sampled were applied 

to estimate peat biomass. We measured 85 peat profile and 

depth and 12 peat cores were sampled to represent peat 

characteristics and brought to laboratories for further 

analysis. Throughout each plot, we measured tree 

diameters, tree heights, and identified tree species names 

(for tree wood density identification). For Necromass 

(Coarse Woody Debries), we measured dead stem's 

diameter, length, and level of decomposition (1, 2, and 3). 

Then, necromass volume were quantified by cylinder 

equation. We brought 5 of each class wood samples to 

classified wood density of class 1, 2, and 3 and their dry 

bulk masses at laboratory. Necromass' biomass was volume 

x wood density. We also sampled leaf litters and 

understorey vegetation and took about 300 g samples of 

each measurement for oven dry weight and C content at 

laboratory.  

For assessing below ground peat, peatland area 

indication was derived from overlaying study area, soil and 

vegetation maps. Based on the indication maps, a sketch 

map describing planned transects to be measured were 

planned and produced. Along main transect that 

approximately crossing indicated peat dome, we designed 

East-West or North-South orientation branch transects 

which were perpendicular to the main transect within 2 km 

distance, so called 'fish bone' transects. Within each 

transects we took measurement using systematic sampling

 

 

 

 

 
 

Figure 2. Forest type/land cover variation on the study area, A. Shrubland, B. Agricultural Land, C. Low degraded Lowland forest, D. 

High degraded Lowland Forest, E. Low degraded Swamp forest, F. High degraded Swamp forest, G. Low degraded peatland forest, H. 

High degraded peatland forest 

 

 

 

 
 

Figure 3. Below and aboveground carbon assessment activities 
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and the points sampled were applied to estimate peat 

biomass. For this study, we measured peat depth 

systimatically within 500 m distances. Peat soil core 

samples were taken systematically on each 2 km distance 

for further laboratory analysis (bulk density, water and ash 

contents, and organic carbon). We measured 85 peat profile 

and depth and 12 peat cores were sampled to represent peat 

characteristics and brought to laboratories for further 

analysis. 

Below ground carbon in other two forest types were not 

intensively sampled. Our previous finding on carbon stocks 

under lowland forest and swamp forest were relatively low. 

We included soil carbon contents on both forest type for 

comparison.  

Data analysis 

Biomass of trees diameter >5 cm were estimated using 

Chave (2005) equation which involved tree wood-specific 

gravities. Each data was presented as total (species 

composition) or mean and standard error. The comparation 

among eight landcover was compared using multiple T Test.  

RESULTS AND DISCUSSION 

Land cover/forest type conditions 

Recent condition of each land cover/forest type were 

approached by quantifying tree with diameter >5 cm basal 

areas and their dominant species on each type. 

Landcover/forest type description of recent condition is 

presented in Table 1. 

The highest basal area found in low degraded swamp 

forest and the least in agriculture land vegetation . Recent 

condition indicate that there were decreasing in basal area 

of each landcover type when forests were degraded. The 

reduction of basal area were 38.7%. 26.3%. and 42.7% 

respectively on lowland, peatland and swamp forests. 

There was also a significant shifting on the spesies 

dominated on each forest type when degraded. The most 

significant dominant species change found in lowland 

forest, dominant species were replaced by fruit garden. 

However, Astiani and Ripin (2016) revealed that old fruit 

garden (>100 years) established on lowland forest allocated 

large amount of biomass on the trees as well. 

 

 

 

 

 

 
Table 1. Recent landcover/forest-type description from field assessment 

 

Land cover/ 

Forest type 

Mean basal 

area ± SE (m2 

ha-1) 

Dominant species 

Low 

Degraded 

Lowland  

37.78 ± 3.14 Sungkai (Peronema canescen Jack), ubah merah (Syzygium lineatum (DC.) Merr. and L.M. Perry, 

ubah putih (Tetractomia tetrandra Craib.), pangal (Elaeocarpus petiolatus (Jack) Wall. ex Steud.), 

medang (Litsea firma Hooks), mendarahan (Horsfieldia crassifolia (Hook.f. and Thoms.) Warb. ), 

ulin (Eusideroxylon zwageri Teijsm. and Binn) 

High 

Degraded 

Lowland 

23.17 ± 1.21 Durian (Durio zibethinus L.), karet (Hevea brasiliensis Muell. Arg), cempedak (Arthocarpus 

integer (Thunb) Merr), lansat (Lansium domesticum Corr.), mentawak (Arthocarpus anisophyllus 

Miq.), pekawai (Durio kutejensis Hassk. Becc) 

Low 

Degraded 

Peatland 

36.25 ± 2.06 Gelam tikus (Eugenia cerina Endl. ), gerunggang (Cratoxylon glaucum Korth.), jungkang, kayu 

malam (Diospyros maingayi (Hiern.) Bakh.), leban paya (Vitex secundiflora Hallier f.), medang 

asam (Actinodaphne sphaerocarpa (Bl.) Nees), medang perawas (Litsea resinosa Blume), nyatoh 

(Palaquium ridleyi King and Gamble), perupuk (Lophopetalum javanicum (Zoll.) Turcz) 

High degraded 

Peatland 

26.71 ± 0.57 Leban paya (Vitex secundiflora Hallier f.), perepat ( medang keladi (Litsea nidularis Gamble ), ilas 

(Neoscortechnia kingii King , jelutung (Dyera costulata Hook.f. Count) , keminting hutan 

(Polyalthia glauca (Hassk.) Boerl), mempasir (Stemonurus scorpioides Becc. ), 

Low 

Degraded 

Swamp 

49.71 ± 3.43 Bintangor (Calophyllum ridleyi King and Gamble), kayu malam (Diospyros maingayi (Hiern.) 

Bakh.), mensire (Ilex cymosa Blume), ubah bentan (Syzigium sp., ramin (Gonystyllus bancanus 

Miq, ubah putih (T. tetrandra Craib.) 

High 

Degraded 

Swamp 

28.50 ± 1.35 Kasai (Pometia pinnata J.R. and G. Forst.), bintangor (C. ridleyi King and Gamble), kayu malam 

(D. maingayi (Hiern.) Bakh.), mengkubung (Macaranga gigantea Reichb. f and Zoll), nyatoh 

banir (Palaquium ridleyi KingandGamble), mengkapas (Alangium longiflorum Merr.), keminting 

hutan (P. glauca Hassk. Boerl) 

Shrub  1.68 ± 0.57 Leban (Vitex pubescen Vahl), mahang (Macaranga gigantea Mull.Arg), jengkol (Archidendron 

pauciflorum (Benth IC Nielsen), jarak api (Aglaia rubiginosa (Hiern) Pannell.) 

Agriculture  0.9 ± 0.73 Fern, mixed crops, pineapple, cassava, oil palm, vegetables and paddies 
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Table 2. Total aboveground carbon with additional estimated root 

carbon 

 

Land cover 

Total above 

ground C 

pools (t/ha) 

Estimate 

root 

carbon 

t/ha* 

Total C 

t/ha 

% of 

root 

carbon 

Low degraded lowland 204,54 34,77 239,31 17 

High degraded lowland 107,14 20,36 127,50 19 

Low degraded peatland 192,83 32,78 225,61 17 

High degraded peatland 142,72 25,69 168,41 18 

Low degraded swamp 269,18 45,76 314,94 17 

High degraded swamp 161,47 29,06 190,53 18 

Shrub 46,31 9,26 55,57 20 

Agriculture 57,41 11,48 68,89 20 

Note: *Estimated using Brown (2002) 
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Figure 4. Above ground biomass of forests (Low degraded-LD, 

and high degraded-HD) and land cover types per ha within each 

of their carbon source in Kayong Utara landscape 

 

Above ground biomass and carbon stocks 

Carbon stock of each forest and land cover types 

distribution varied significantly, depend on recent 

condition. The distribution of biomass measured on each 

carbon pool for each land cover type is presented in Figure 

4.  

Results show that forest degradation, beside it shifted 

forest structure spesies composition (Astiani 2016), it 

reduced carbon stock of each forest type. Lowland, 

peatland, and swamp forest reduced their stand biomass by 

58%, 31%, and 26% consecutively. The biomass quantity 

losses approximately depend on degrees of forest 

degradation. Eventhough some indigenous species could 

regrowth even in very insufficient physical and fertility soil 

(Ekyastuti et al. 2016), the tree biomass grow very slow. 

Forest land use changes to oilpalm (3 years old) and shrub 

land decreased aboveground biomass by ~75-86%. On 

agriculture and shrub land, however, the highest proportion 

of carbon are stocked in CWD pools (above 85 %), where 

the stocks are potentially decomposed and be emitted to the 

atmosphere.  

Biomass allocation of each landcover/forest type was 

dominated mostly by living tree biomass (especially 

diameter >30 cm), with exception in agriculture and shrub 

areas, where less or none of living tree found. Necromass 

(CWDs and litters) significantly determined biomass stocks 

in agriculture and shrub areas. Estimated carbon stocks 

were using default carbon value of 50% of biomass (Brown 

1997). Higher carbon stocks were in low degraded swamp 

forest, low degraded lowland forest, and low degraded 

peatland forest (256, 207, and 193 ton C/ha consecutively) 

and the least carbon stocks was found in shrubland areas 

(46 ton C/ha). Most of living biomass of the eight 

landcover/forest classes are potentially hold significant 

percentage of carbon (Mean ± SE = 90% ± 1.6%). In 

general about 87% ± 1.3% of carbon stocks are sequestered 

in living trees (diameter 5 cm and above), and in small 

amout squestered in groundstorey (~3%). 

Roots carbon stocks estimate approaches 

In addition to aboveground biomass, we estimate root 

carbon stock by presenting above ground biomass data 

using allometric equation following Brown (2002). The 

approaches resulted that there are additionally 17% to 20% 

of carbon stocks are sequestered below ground in the 

vegetation roots.  

Total carbon stocks (both above ground and root 

stocks) in this area were much higher than estimates of 

forests in tropical Asia (151 t C/ha) and also in the range by 

IPCC (2011) estimates of carbon stocks in tropical 

equatorial forest which were 182-225 t C/ha (Gibbs et al. 

2007), except for agriculture, shrubs land, and high 

degraded lowland, which was a young 'tembawang' forest. 

In tembawang, surround people communities maintained 

multi purpose trees and crop for relatively longer time, 

more than 100 years (Roslinda 2016; Astiani and Ripin 

2016), Therefore the amount of carbon sink will gradually 

increased and will be standing for 3-4 future generation  

These measures were more reliable since we had 

stratified the mixed forests into smaller type od forests or 

land cover conditions and more througout sampling sites. 

Even though agriculture and shrubs areas have less total 

carbon, yet they also contribute to carbon sequestration and 

cycling. To make projection of the carbon stocks on a 

larger landscape scale of the area, we present the estimated 

aboveground carbon for overall coverage area by 

extrapolating carbon stock per unit are to the overall area of 

each land cover type by GIS map interpretation. The 

estimate is presented in Table 3. 

Among forest types in the extend of forest landscape, it 

indicates that each forest type sequestered various above 

ground carbon stocks. The values were ranged from the 

lowest of 37 ton ha-1 (shrub land) to the highest of 256 ton 

ha-1 in low degraded swamp forest, with overal mean of 

117.2 ton ha-1. High degraded forest of each of the three 

forest types maintained various but lower carbon stock 

quantities. The important point to learn was that forest 

degradation reduced the role of tropical forest to maintain 

carbon stocks in their stand biomass per unit area by 58%, 

31%, and 26% respectively for lowland, peatland, and 

swamp forests. 
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Table 3. Estimated carbon stocks at mixed landcover/forest type landscape of Kayong Utara, West Kalimantan, Indonesia 

 

Land cover types 

Area of 

land cover 

types (ha) 

Total 

biomass 

pools (t/ha) 

Above 

ground C 

pools (t/ha) 

Estimate 

root carbon 

t/ha 

Total C 

t/ha 

Above ground 

carbon (t) 

Above ground 

C + estimated 

root C (t) 

HDLF 26.21 413.51 206.76 35.45 242.20 5,419.39 6,348.30 

LDLF 8,106.57 172.11 86.06 16.35 102.40 697,651.70 830,113.08 

HDPF and HDSF 4,212.38 415.15 207.58 35.58 243.16 874,404.80 1,024,281.10 

LDPF and LDSF 1,364.75 273.84 136.92 24.60 161.52 186,861.80 220,434.74 

SH 20.25 61.21 30.61 6.26 36.87 619.80 746.62 

AG 7,659.67 92.63 46.31 9.29 55.60 354,719.20 425,877.54 

Total 
      

2,507,801.40 
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Figure 5. A. Bulk Density distribution g cm-3; and B. Carbon stocks each 20 cm of depth in peatland profile (Mean and SE-ton/ha) 

 

 

 

Agricultural land (1-3 year old) sequestered a relatively 

equal amount to shrubs lands (3 year old sequestered 48 ton 

ha-1 carbon). Mean annual growth level added about 14-18 

ton ha-1 carbon to the oil palm plants, while shrub land 

maintain 37 ton ha-1. Compared to forests, these land 

covers were a lot less in holding biomass stocks. It showed 

that land cover changes from forests affected on 

considerably large portion of above carbon losses. 

Belowground carbon stocks 

Peat area was vary with depth from 0 m to 5 m and 

mostly classified as fibrist peat. Peatlands are commonly 

interspersed in small hill of lowland area, which sometimes 

found abrupt. This terrain condition is especially around 

the perimeter of peat land in the southern part of 

assessment area. Deeper peat depths ranges found in 

northern area of the concession landscape. Upon laboratory 

determination of peat bulk density of peat samples, the 

mean analysis results of bulk density and mean peat carbon 

per 20 cm depths samples is presented in Figures 5.A and 

5.B. 

Peat bulk density was relatively constant along the 

vertical peat profile, yet increased rapidly when reached 

mineral soil under the peat layers, therefore, the peat soil 

biomass was relatively not vary along the 20 cm peat 

depths except at the last layers that were mixed with 

mineral soil beneath peat layers. 

Table 4. Carbon stocks accumulation on peat depth profile 

 

Peat core 
depth 

Mean carbon ton ha-1 

per 20 cm peat depth 
SE 

Peat carbon 
accumulation 

ton ha-1 
00-20 111.56 5.14 116.70 

20-40 144.80 3.77 256.36 

40-60 112.98 4.10 369.34 

60-80 152.71 8.19 410.49 

80-100 111.63 5.11 633.68 

100-120 117.99 5.31 751.67 

120-140 112.34 2.29 864.02 

140-160 124.25 1.70 988.27 

160-180 137.51 2.95 1125.78 

180-200 135.27 2.01 1261.05 

200-220 124.24 2.60 1385.29 

220-240 132.75 1.20 1406.48 

240-260 115.18 1.70 1633.23 

260-280 121.36 1.42 1754.59 
280-300 128.20 2.39 1882.79 

300-320 127.26 4.83 2010.05 

320-340 116.23 2.80 2126.28 

340-360 128.94 3.45 2255.22 

360-380 126.96 2.03 2382.18 

380-400 79.87 0.88 2462.05 

400-420 87.92 2.06 2549.97 

420-440 92.38 2.31 2642.35 

440-460 99.07 0 2741.43 

460-480 51.33 0 2792.76 

480-500 34.38 0 2827.14 

500-520 25.56 0 2852.70 
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Total below ground carbon in peatland landscape 

reached 2853 ton ha-1 within 5 m peat depth or in the 

average of 570 ton ha-1 (Table 4). Compared to other two 

forest types, lowland and swamp forest, the carbon amount 

in peatland was much more abundant. Our previous results 

on carbon stock in lowland forest and swamp forest within 

1 meter soil depth were 0.06 ± 0.003 and 0.64 ± 0.02 ton 

ha-1 respectively and reduced within the deeper solum. The 

results demonstrate that peatland forests is trully potential 

carbon storage in nature. 

Projected estimate of total aboveground carbon within 

overall landscape, which covered by several types of 

landcovers and forests, was about 2.5 x 106 ton. However, 

compared to peat soil carbon below the peatland forest, the 

carbon sinked in the area was far less. The peat depth 

varied between 0.3 to 5.2 m. For below carbon stock of 

peatlands in the area was ~625 ton ha-1 m-1 depth, and total 

~9.2 million ton C h-1a maintained in 5,570 ha peatland 

area.  

Peatlands in the landscape were found scattered and 

interspersed in small hill of lowland area, which sometimes 

found abrupt. This total carbon stock in peatland soil was 

relatively moderate for fibrist peat, yet it is huge amount 

compare to other forest types.. The amount of carbon stock 

in peat layers may vary depend on the peat decomposition 

level, which dictated peat bulk density, proportion of 

carbon in organic matters amount per unit weight, and peat 

depth. It is demonstrated that belowground carbon in this 

tropical peatland hold more than 10 times of above ground 

carbon sequestered in living and dead biomass.  

It is important to maintain and sustainably use of those 

forests on the landscape thoroughly. Partial plan or 

management could couse impact to other parts of the forest 

landsacape. Lowland, swamp, and peatland forest 

ecosystem were diverse in their species composition and 

density, yet they keep relatively high forest biomass for 

carbon stocks, especially in peatland forest. Those forests 

in the Kayong Utara, West Kalimantan, Indonesia 

lansdscape need to be managed well and responsibly to 

avoid CO2 emission/carbon loss from landscape and 

additional sources GHGs to the atmosphere that could 

enhance global warming. 
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Abstract. Saryono, Rakhmana S, Rahayu F, Ardhi A, Rusli, Pratiwi NW, Nugroho TT. 2017. Molecular identification of endophytic 
fungi isolated from the tuber of Dahlia variabilis and exploration of their ability in producing ß-galactosidase. Biodiversitas 18: 145-
152. LBKURCC67 and LBKURCC69 were endophytic fungi isolated from the tubers of dahlia (Dahlia variabilis) in Padang Panjang, 
West Sumatra. This study aimed to identify the microscopic and molecular characteristics of endophytic fungi LBKURCC67 and 
LBKURCC69 based on ITS-rDNA region sequences and determine the ability of the isolates to produce β-galactosidase. Microscopic 
characteristic of LBKURCC67 and LBKURCC69 indicated that both isolates belonged to Fusarium sp. Furthermore, DNA sequence 
analysis based on mega BLAST program showed that LBKURCC67 was identified to be Fusarium solani with 99% homology and 
LBKURCC69 showed the perfect homology similarity with Fusarium oxysporum. Meanwhile, β-galactosidase activity was determined 
based on the amount of o-nitrophenol produced from the substrate o-nitrophenil-β-D-galactopiranoside, whilst the specific activity was 
indicated by activity per unit of proteins. The result showed that both fungi could produce β-galactosidase. However, the enzyme 
activity did not increase significantly at various production times of 2, 4, 6, 8, and 10 days. The highest enzyme activity of 
LBKURCC67 and LBKURCC69 were 0.163 ± 0.064 U/mL (at day 8) and 0.126 ± 0.039 U/mL (at day 2) respectively. LBKURCC69 
showed higher specific β-galactosidase activity (1.886 ± 0.277 U/mg) than LBKURCC67 (1.179 ± 0.081 U/mg).  

Keywords: ß-galactosidase, dahlia tuber, endophytic fungi, Fusarium, ITS-rDNA  

INTRODUCTION 

Microorganisms are important and potential sources of 
bioactive natural products with for the discovery of new 
molecules for drug discovery, industrial use and 
agricultural applications (Strobel 2006; Porras-Alfaro and 
Bayman 2011). Many plants contain endophytic organisms 
defined as fungi or bacteria which, for all or part of their 
life cycle, invade the tissues of living plants and cause 
unapparent and asymptomatic infections entirely within 
plant tissues but cause no symptoms of disease (Wilson 
1995). In previous reports, endophytic fungi are known to 
produce antibacterial substances (Saryono et al. 2015a) and 
have been shown to improve the tolerance of host plants to 
a variety of biotic and abiotic stresses (Malinowski and 
Belesky 2000; Rodriguez et al. 2004). It has been observed 
that the wealth of microbial biodiversity with novel 
biochemistry and secondary metabolite production resides 
in plant tissues (Strobel 2006; Porras-Alfaro and Bayman 
2011; Saryono et al. 2015a). Numerous bioactive 
molecules have been obtained from endophytic fungi since 
this ground breaking discovery (Strobel 2006; Wang et al. 
2008; Zhang et al. 2006).  

Dahlia tubers are known to contain compounds which 

have high bioactivity. In some regions in Sumatra with the 
mountainous topography, for instance, in the province of 
West Sumatra, such as in Solok, Padang Panjang, 
Payakumbuh, and Batu Sangkar; Brastagi (North Sumatra), 
Curup (Bengkulu), and Lubuk Linggau (South Sumatra) 
dahlia can naturally grow. While in Kalimantan, dahlia are 
relatively difficult to find due to environmental factors 
affecting the growth of dahlia. The leaves, stems, and 
tubers of dahlia contain a number of potential bioactive 
compounds that can be functioned as anti-microbial 
compounds (Lorenita et al. 2013; Sikumbang and 
Hindersah 2009). 

However, massive production of antimicrobial 
compounds from dahlia requires a very large number of 
dahlia plants, and it takes large area and long growing-type 
plants as well. On the other hand, plants generally contain 
endophytic microbes that can produce bioactive 
compounds as what can be found in its host plant (Strobel 
2006). Some microbes such as fungi, yeast, and bacteria 
can be associated with the plant because they help the host 
plant metabolism and produce potential secondary 
metabolites (Kumala et al. 2006). Some studies also 
showed that the endophytes provided benefits for the host 
plant, such as protection against insects, pathogens, and 
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herbivores (Ding et al. 2010). Endophytes are 
metabolically more active than their free counterparts due 
to their specific functions in nature and activation of 
various metabolic pathways to survive in the host tissues 
(Strobel 2006; Ul-Hassan et al. 2012).  

β-Galactosidase (EC 3.2.1.23) is a class of enzymes that 
can hydrolyze β-galactoside bond of various compounds 
and typically used to hydrolyze lactose into glucose and 
galactose. Enzymatic hydrolysis of lactose is a very 
important process in the food industry, such as hydrolyzing 
lactose from milk and its derivative products (Kumar et al. 
2012). This enzyme has been isolated from animals, plants, 
and microorganisms. However, β-galactosidase enzyme 
derived from microorganisms will generate the enzyme 
more potential and more effective in the aspect of 
technology than the enzyme from animals and plants 
(Grosova et al. 2008). Commercially, β-galactosidase is 
produced from microorganisms including yeast from the 
genus Kluyveromyces and fungal filaments from genus 
Aspergillus (Choonia and Lele 2013). Until now, the price 
of β-galactosidase is still relatively expensive and 
economically problematic (Grosova et al. 2008). 

In the previous study, endophytic fungi LBKURCC67 
and LBKURCC69 had been isolated from the tuber of 
yellow-flowered and red-flowered dahlia, respectively, 
from Padang Panjang, West Sumatra (Lorenita et al. 2013). 
In this study, morphological characterization was 
performed for initial identification of species. Furthermore, 
the results of this characterization needed to be verified by 
genetic characterization which is known to be relatively 
more consistent than morphological characters that can be 
used for identification to species level. A proper 
identification will be carried out based on ribosomal DNA 
sequences of the ITS region equipped with a phylogenetic 
analysis of the fungi. Afterward, initial assessment of 
potential β-galactosidase production by endophytic fungi 
LBKURCC67 and LBKURCC69 will contribute a novel 
alternative source for commercial β-galactosidase production. 
Overall, this result will have a great benefit for further 
research in order to find novel bioactives from the endophytic 
fungi and its optimum condition for production as well.  

MATERIALS AND METHODS 

Maintenance of endophytic fungi strains and 
morphological characterization 

Fungi LBKURCC67 and LBKURCC69 used in this 
study were endophytic fungi that had been isolated from 
the tuber of yellow-flowered and red-flowered dahlia 
(Dahlia variabilis (Willd.) Desf.), respectively, from 
Padang Panjang, West Sumatra, Indonesia. Both isolates 
were collected in the Laboratory of Enzymes, 
Fermentation, and Biomolecular Research, Department of 
Chemistry, Universitas Riau, Pekanbaru, Riau, Indonesia. 
The fungi were subcultured into Potato Dextrose Agar 
(PDA). LBKURCC67 inoculation was conducted using a 
spread plate, which isolate on slant agar was rinsed with 3 
mL sterile distilled water. Fungi suspension was taken as 
much as 100 mL and then inoculated in petridishes 

containing PDA. The isolates were incubated for five days 
to undertake morphological characterization. On the other 
hand, the isolate was incubated until the mycelia grew but 
with no spores to continue to step of DNA extraction.  

Genomic DNA extraction 
DNA was extracted from cultures of endophytic fungi 

mycelia using the Wizard Genomic DNA Purification kits 
ex Promega Corp. (Madison, USA). Mycelia was scraped 
off and put into a micro tube, and added 293 µL 50 mM 
EDTA (pH 8) and lyticase. Furthermore, the mycelia was 
incubated for 60 min at 37°C and centrifuged at 13.000 g 
for 2 minutes. The 300 µL nucleus lysis solution and 100 
µL protein precipitation solution were added into the 
sediment. Samples were centrifuged at 13.000 g for 3 
minutes and the supernatant containing DNA was 
transferred into a microtube containing 300 µL 
isopropanol. Samples were homogenized by centrifugation 
at 13.000 g for 5 min, the supernatant then was discarded. 
After the DNA pellet was dry, 300 µL of 70% ethanol was 
added. The addition of 25 µL DNA rehydrating solution 
and 25 µL RNAse solution was conducted and followed 
with incubation. The DNA isolated was stored at 2-8°C. 
The integrity of the DNA was verified by agarose gel 
electrophoresis and stained with ethidium bromide. 

PCR amplification 
PCR amplification in ITS rDNA region of isolates was 

conducted using primers ITS5 and ITS4 in accordance with 
the position map designed by White et al. (1990). 
Amplification was carried out with a total volume of 50 mL 
consisting of 2 mL of DNA sample, 5 mL of dNTP, 10 mL 
of Colourless GoTaq PCR buffer, 10 mL of each primer, 3 
mL of MgCl2, 0.25 mL GoTaq DNA polymerase, and the 
rest of sterile distilled water. The reaction began with a hot 
start at a temperature of 95oC for 5 minutes, denaturation at 
a temperature of 94oC for 1.5 minutes, annealing at a 
temperature of 41°C (LBKURCC67) or 45oC 
(LBKURCC69) for 1 min, and extension at a temperature 
of 72oC for 3 minutes. PCR process lasted a total of 35 
cycles and ending with the extension at 72°C for 5 minutes. 

Electrophoreses 
The result of DNA extraction and PCR were analyzed 

by electrophoresis on a 0.8% agarose gel for DNA 
extraction, and 1.2% agarose gel for PCR amplification 
results. The process of gel electrophoresis was immersed in 
a solution of Tris Acetate EDTA (TAE) 1x and electrified 
at 110 V. After electrophoresis was completed, the gel was 
soaked with ethidium bromide and analyzed by UV-rays 
transilluminator. The weight of molecular fragment was 
determined using DNA Ladder 1 Kb (Promega Corp., 
Madison, USA). 

DNA sequencing of PCR amplification products 
PCR amplification products of endophytic fungi 

LBKURCC67 was sent to Eijkman Institute for Molecular 
Biology, Jakarta (GenNeka Foundation) for DNA sequence 
determination. Determination of DNA sequences was 
conducted in both directions of the double chain of DNA 
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PCR products by using primers ITS2, ITS3, ITS4, and 
ITS5 (Table 1) using Bioedit program (White et al. 1990). 
The results were then analyzed their sequence homology 
using mega BLAST program that could be accessed at the 
NCBI web site (http://blast.ncbi.nlm.nih.gov/blast.cgi). 
Sequence homology analysis was carried out by comparing 
the sample sequences of isolates of endophytic fungi 
LBKURCC67 and LBKURCC69 in the region of ITS 
rDNA sequences were aligned with that of the NCBI 
GenBank Database. 

Production and measurement of β-galactosidase 
Fermentation was carried out in 250 mL flasks using 50 

mL of fermentation medium (1% peptone, 0.5% yeast 
extract and 0.01% chloramphenicol), sterilized at 121ºC for 
15 min. The flasks were inoculated with the pre-inoculum 
to give an initial cell count 107. Fungal inoculum which has 
reached OD600nm~0.1 is equivalent to 107 CFU/mL 
(Martins et al. 2011). Production of β-galactosidase was 
undertaken by inoculating 5% inoculum (OD 600nm~0.1) 
in 150 mL fermentation medium in a rotary shaker 
incubator with agitation speed of 150 rpm. The time 
variations of production used were 2, 4, 6, 8, and 10 days. 
On each day of production time variation, crude extract 
enzyme was isolated. β-galactosidase contained in media 
production from cell isolates was separated by cold 
centrifugation with a speed of 10.000 rpm for 10 minutes. 
Supernatant was obtained through filtration using Whatman 
GF/C in vacuum to remove the mycelium. If the enzyme 
was not directly used for analysis of enzyme activity, 1mM 
NaN3 was added into each supernatant solution. Activity of 
crude extract β-galactosidase was analyzed using o-
nitrophenyl-β-D-galactopiranoside (oNPG) substrate  

concentration of 4 mg/mL at 60°C at pH 4,4. Measurement 
of β-galactosidase activity was according to Moeini et al. 
(2004) with some modifications, the OD 600 nm was 
recorded and then 1 mL of fungal culture was spun out. A 
total of 1.000 mL of 0.1 M acetate buffer pH 4.4 and 100 
mL of the enzyme were inserted into a test tube and then 
incubated at 60°C for 5 minutes. The solution was added 
with 200 mL of (oNPG) as an enzyme substrate. 
Furthermore, the mixture was incubated at 60°C for 30 
minutes and at the last minute was added with 1.000 mL of 
1 M Na2CO3. After that, the solution was analyzed using 
UV-Vis spectrophotometer at a wavelength of 420 nm. The 
enzyme activity was defined as the number of o-
nitrophenol (oNP) formed in experimental conditions. The 
standard curve was prepared by making the stock of oNP at 
various concentrations of 0.01 to 0.15 mg/mL with the use 
of 0.01 M acetate buffer pH 4.4. The cells were spun out, 
OD420 nm of supernatant was read and Miller units were 
calculated (activity = micromole oNP/volume of enzyme x 
incubation time). Protein determination followed Lowry 
method. 

RESULTS AND DISCUSSION 

Results 
Both isolates showed different apparent morphological 

characteristics, mainly in the color and the form of the 
culture medium. Nelson et al. (1983) performed a 
morphological characterization using the coloration on 
PDA as indicating that each species has a specific color. 
Based on the color obtained, a preliminary classification 
was conducted as shown in Figures 1 and 2. 

 
 

 
Table 1. The primers used to amplify rDNA of endophytic fungi (White et al. 1990) 
 

rDNA Primers sequence Molecular weight of 
PCR product (bp) Melting point (°C) 

ITS1 
ITS2 
ITS3 
ITS4 
ITS5 

5’-TCCGTAGGTGAACCTGCGG-3’ 
5’-GCTGCGTTCTTCATCGATGC-3’ 
5’-GCATCGATGAAGAACGCAGC-3’ 
5’-TCCTCCGCTTATTGATATGC-3’ 
5’-GGAAGTAAAAGTCGTAACAAGG-3’ 

290 
290 
330 

- 
315 

65 
62 
62 
58 
63 

 
 

A B C D 
 

Figure 1. Colonial morphology of endophytic fungi isolates used in this research; A. LBKURCC67, B. Reverse view of LBKURCC67, 
C. LBKURCC 69, D. Reverse view of LBKURCC69 
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Figure 2. Microscopic appearance of endophytic fungi 
LBKURCC67 (A) and LBKURCC69 (B) with 100x magnification 
 
 

 

 
 
 
Figure 3. Electrophoreses product of amplificated DNA of 
LBKURCC67 and LBKURCC69 at annealing temperature of 
41°C using primers ITS5 and ITS4 

 
 

 
Mycelial growth rate was assessed by transferring 6-

mm-diameter PDA medium discs derived from 7-day-old 
colonies into other PDA medium plates, and assessing 
colony growth daily until the day 7 of incubation by 
averaging the colony’s diameter in diametrically opposite 
directions. Conidial length and width were assessed from a 
sample from a 2-mL fungal conidia suspension in sterile 
distilled water, which was pipetted onto a microscope slide. 
Conidia were measured using a light microscope with a  

micrometer at 100x magnification. Morphological 
characterization of endophytic fungi LBKURCC67 and 
LBKURCC69 was shown in Table 2. 

DNA isolates of endophytic fungi LBKURCC67 and 
LBKURCC69 were isolated from mycelium with the age of 
4 days. If older than 4 days, DNA isolation could not be 
performed because the fungi had already produced spores. 
Spores produced led lyticase to unlikely break down the 
cell walls of fungi that would affect on the success in 
obtaining DNA isolates. Condition for PCR annealing 
temperature was set 41°C and 45°C for LBKURCC67 and 
LBKURCC69 respectively. The result of electrophoreses 
analysis of PCR products indicated a single band of each 
amplificated DNA (Figure 3). 

Basically, DNA was arranged by four nitrogen bases; 
thymine (T), adenine (A), guanine (G), and cytosine (C), 
which generated the specificity and uniqueness of each 
DNA. DNA protein sequence alignment result in the region 
of ITS-1 and ITS-2 rDNA using Bioedit program was 
shown in Figure 4.  

Species identification was carried out by comparing 
DNA sequences obtained to the DNA sequences contained 
in NCBI GenBank Database (Table 3 and Table 4). 

ITS-1 rDNA region was verified by aligning the DNA 
sequences obtained using primers ITS-5 and ITS 2 reverse, 
while ITS-2 rDNA region used primers ITS-4 and ITS-3 
reverse. DNA sequence verification result in the region of 
ITS-1 rDNA was then aligned with the reverse of DNA 
sequence in the region of ITS-2 rDNA in order to obtain 
complete DNA sequences of LBKURCC67 and 
LBKURCC69.DNA sequencing of LBKURCC67 in the 
region of ITS which was matched to the entire database in 
NCBI GenBank Database showed that the DNA sequences 
of LBKURCC67 had the highest similarities with 
Fusarium solani while LBKURCC69 indicated the highest 
similarities with Fusarium oxysporum (Table 4).  

This research also carried out the exploration of 
benefits which could be taken when utilizing these 
endophytic fungi, especially in β-galactosidase-producing 
ability. This enzyme is an important part in food industries, 
ruling to hydrolyze lactose into glucose and galactose. The 
β-galactosidase activity produced by F. solani 
LBKURCC67 and F. oxysporum LBKURCC69 can be 
seen in Table 5. 

The highest activity of β-galactosidase was specifically 
obtained at day 8 for F. solani LBKURCC67 and day 2 for 
F. oxysporum LBKURCC69 and these production times of 
each isolate were used as a basis time to determine specific 
enzyme activity (Table 6).  

 
 
 
 
Table 2. Morphological characterization of LBKURCC67 and LBKURCC69 
 

Isolates Color Macroconidia Chlamidio-
spore 

Morphological 
identification Anverse Reverse Apical Basal Size (µm) #septa 

LBKURCC67 White-violet White-violet Papillate  Barely notched 35-55 4-5 No Fusarium sp. 
LBKURCC69 White  White-violet Blunt  Barely notched 40-60 3-4 No Fusarium sp. 
 

DNA Ladder LBKURCC69 

LBKURCC67

250 bp 

5.000 bp 

2.500 bp 

10.000 bp 

1.000 bp 
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Figure 4. Alignments of DNA sequence of LBKURCC67 and LBKURCC69 verificated with pairwise alignment using Bioedit program 

 
 
 
 

Table 3. The strains on NCBI GenBank Database having close kinship to LBKURCC67 
 

Species Strain Genbank access code Reference Score Query  
cover Max identity 

Fusarium solani MAFF 240346 AB498984.1 Nakayama and Aoki (2010) 1046 96% 99% 
Fusarium solani MAFF 240345 AB498983.1 Nakayama and Aoki (2010) 1046 96% 99% 
Fusarium solani Clone BK2-1 JN882256.1 Gutierrez-Acosta et al. (2012) 1031 99% 98% 
Fusarium solani Clone BK1-1 JN882255.1 Gutierrez-Acosta et al. (2012) 1031 99% 98% 
Fusarium solani UOA/HCPF  KC254048.1 - 1029 99% 98% 
Nectria ipomoeae MAFF 238974 AB513849.1 Nakayama and Aoki (2010) 1027 96% 99% 
Nectria ipomoeae MAFF 237668 AB513848.1 Nakayama and Aoki (2010) 1027 96% 99% 
Nectria ipomoeae MAFF 237667 AB513847.1 Nakayama and Aoki (2010) 1027 96% 99% 
Nectria ipomoeae MAFF 240022 AB513846.1 Nakayama and Aoki (2010) 1027 96% 99% 

 
 
 
 

Table 4. The strains on NCBI GenBank Database having close kinship to LBKURCC69 
 

Species Strain Genbank  
Access Code Reference Score Query 

cover 
Max 

identity 
Fusarium oxysporum LCF32 FJ867936.1 - 1055 99% 100% 
Fusarium sp.  PRE4b JN254793.1 - 1053 99% 100% 
Fusarium sp. 4 BRO-2013 KF367548.1 Oliveira et al. (2013) 1050 99% 99% 
Fusarium verticillioides LCF1 FJ867932.1 - 1050 99% 99% 
Fusarium sp. 3 TMS-2011 HQ630965.1 Shrestha et al. (2011) 1050 99% 99% 
Fusarium proliferatum BLE1 FN868470.1 Botella and Diez (2011) 1048 99% 99% 
Fusarium proliferatum - EF577235.1 - 1048 99% 99% 
Gibberella moniliformis - AY533376.1 Dornbusch et al. (2005) 1048 99% 99% 
Fusarium andiyazi CBS 134430 KC954400.1 - 1044 99% 99% 

 

DNA sequence of LBKURCC67 (5’→3’) 

TGGAAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACCGAGTCTAAACAACTCATCAACCCTGTG
AACATACCTAAAACGTTGCTTCGGCGGGAACAGACGGCCCCGTGAAACGGGCCGCCCCCGCCAGAGGACCCCCTAACTCTGTTGCTA
TATGTATCTTCTGAGTAAACAAGCAAATAAATTAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATG
CCTGTTCGAGCGTCATTACAACCCTCAGGCCCCCCGGGCCTGGCGTTGGGGATCGGCGAGGCGCCCCCCTGCGGGCACGCGCCGTCC
CCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATTGCGTAGTAGCTAACACCTCGCAACTGGAGAGCGGCGCGGCCATGCCGTAAA
ACACCCAACTTCTGAATGTTGACCTCGAATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA 

DNA sequence of LBKURCC69 (5’→3’) 
TGGAAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGA

ACATACCAATTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATAT
GTAACTTCTGAGTAAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATG
CGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCT
GTTCGAGCGTCATTTCAACCCTCAAGCCCAGCTTGGTGTTGGGACTCGCGAGTCAAATCGCGTTCCCCAAATTGATTGGCGGTCACG
TCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTCTGAATGTTGACC
TCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA 

 
Notes:  GGAAGTAAAAGTCGTAACAAGG = primer ITS5 

  GCATATCAATAAGCGGAGGA = primer ITS4 reverse 
  GCATCGATGAAGAACGGAGC = primer ITS3 = primer ITS2 reverse  
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Table 5. β-galactosidase activity of F. solani LBKURCC67 and 
F. oxysporum LBKURCC69 in a varied production times 
 

Production 
time (days) 

Activity of β-galacosidase (Unit/mL) 

F. solani LBKURCC67 F. oxysporum LBKURCC69
2 0.132 ± 0.037a 0.126 ± 0.039a 
4 0.147 ± 0.059a 0.118 ± 0.032a 
6 0.143 ± 0.069a 0.121 ± 0.034a

8 0.163 ± 0.064a 0.120 ± 0.041a 
10 0.145 ± 0.057a 0.110 ± 0.029a 
Note: Statistical analysis at 95% confidence level with same 
letters indicating no significant difference 

 
 

Table 6. Specific enzyme activity of β-galactosidase produced by 
F. solani LBKURCC67 and F. oxysporum LBKURCC69 
 

Isolate Specific enzyme activity 
 (unit/mg protein) 

LBKURCC 67 1.179 ± 0.081a

LBKURCC 69 1.886 ± 0.277b

Statistical analysis at 95% confidence level with same letters 
indicating no significant difference 
 
 

Discussion 
LBKURCC67 and LBKURCC69 were endophytic 

fungi isolated from dahlia tuber. Both isolates were 
indicated to have different morphological features but both 
exhibited almost the same color with white as the dominant 
color and light violet in reverse view of the colonies. The 
isolate of LBKURCC67 had a thick colony, approximately 
25 mm in diameter, and a white peak in the center of the 
colony, while the isolate of LBKURCC69 had a wider 
colony with approximately 50 mm in diameter. 
LBKURCC67 produced papillate and barely notched-type 
of apical and basal macroconidia with 4-5 septa, whilst 
LBKURCC69 produced blunt and barely notched-type of 
apical and basal macroconidia with 3-4 septa (Table 2). 
From these characteristics, both isolates could be identified 
as Fusarium sp. González-Pérez et al. (2009) reported that 
species causing rot in Mexico, including Fusarium, differed 
in terms of colony color and morphological characteristics, 
agreeing with the results obtained in this work for 
descriptions of macroconidia and chlamydospores. At the 
other parts, Hafizi et al. (2013) described morphological 
characteristics of F. solani and F. oxysporum, and 
supported with Montiel-Gonzalez et al. (2005) which 
reported about morphological characteristics of Fusarium 
species such as F. oxysporum, F. solani, F. lateritium, F. 
reticulatum, F. equiseti, F. verticillioides, F. culmorum, F. 
crookwellense, F. proliferatum, and F. sporotrichioides 
presented in bean roots in five states of central Mexico. 
The descriptions made for the species identified in this 
study also agreed with those reported by these authors. 
Microscopically, F. oxysporum produced three forms of 
asexual spores, which were microconidia, macroconidia, 
and chlamydospores (Kumar et al. 2013). F. oxysporum 
also generated floccose mycelia with purple in color. This 
fungus had round or oval microconidia, a short form of 

monophialide, and slightly curved or crescent-shaped 
macroconidia with septa (Zakaria and Ning 2013). 

Molecular identification of these endophytic fungi was 
conducted by sequencing DNA in the region of ITS-1 and 
ITS-2 rDNA. DNA of each species contained genetic 
information that could be inherited to the offspring, so that 
by sequencing DNA isolates of endophytic fungi 
LBKURCC67 and LBKURCC69, proper species 
identification results would be obtained. DNA isolates of 
LBKURCC69 and LBKURCC67 were amplified in 
accordance with the primer position map stated by White et 
al. (1990), that the region of ITS-1 and ITS-2 use ITS-5 
and ITS-4 as pair primers. Among the methods which 
researchers had used to analyze the phylogenetics of 
Fusarium species are rDNA-IGS, rDNA-ITS regions, large 
submit RNA gene, and translation elongation factor-alpha 
(Zhang et al. 2006). Internal transcribed spacer (ITS) 
region was probably the most widely sequenced region of 
DNA in fungi. rDNA-ITS and rDNA-IGS (intergenic 
spacer) regions showed a higher degree of diversity than 
other ribosomal regions (Brasileiro et al. 2004). Molecular 
weight of the PCR amplification products was determined 
using 1 kb DNA ladder Promega standard, by measuring 
the migration distance reached by standard DNA and DNA 
amplification products. The relationship between DNA 
migration distance and the logarithm of standard base pairs 
of DNA produced the standard regression equation y =-
0.36x + 4,782. According to this equation, molecular 
weight obtained of PCR amplification product of 
LBKURCC67 and LBKURCC69 were 583 and 537 bp, or 
equivalent to 3,8 x 105 and 3,5 x 105 g/mol respectively (1 
bp DNA ≈ 660 g / mol).  

DNA amplification product fragments were sequenced 
in the region of ITS-1 and ITS-2 rDNA using primers ITS-
2, ITS-3, ITS-4, and ITS-5. ITS primer consisted of the 
region of ITS-1 and ITS-2 rDNA, which ITS-1 was located 
between 18S and 5,8S while ITS-2 was between 5,8S and 
28S. ITS region was a part of the DNA with a high level of 
evolution which led to a change in the nucleotide 
sequences of the DNA of fungi so that the region of ITS 
could be used to differentiate between one species and 
another. Fungi with a high degree of homology that had 
similarities at the nucleotide base sequences were most 
likely the same species or have a close kinship (White et al. 
1990). Furthermore, verification process was completed 
using DNA sequencing Bioedit program to generate 
complete DNA sequences of endophytic fungi 
LBKURCC67 and LBKURCC69 (Figure 4). DNA 
sequencing of LBKURCC67 in the region of ITS matched 
to the entire database in NCBI GenBank Database showed 
that the DNA sequences of LBKURCC67 had similarities 
with Fusarium solani and Nectria ipomoeae. Degree of 
homology similarity of samples to the DNA sequences in 
the NCBI Genbank Database referred to as a maximum 
identity, in which the highest value of 99% was found in F. 
solani strain MAFF 240346 and MAFF 240345, N. 
ipomoeae strain MAFF 238974, MAFF 237668, MAFF 
237667, and MAFF 240022. F. solani strain Clone BK2-1, 
Clone BK1-1, and UOA/HCPF had coverage values query 
as high as 99%, with the identity of its maximum value was 
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98% so that these strains showed the lower similarity of 
homology. However, F. solani strain MAFF 240346 and 
MAFF 240345 produced the highest score 1046 indicating 
that isolate of LBKURCC67 on ITS region had the highest 
degree of similarity with species of F. solani. DNA 
sequence analysis showed that LBKURCC69 had reached 
99% similarity with Fusarium sp., F. verticillioides, F. 
proliferatum, Gibberella moniliformis, and F. andiyazi. 
However, LBKURCC69 had the perfect homology 
similarity, reaching 100%, with F. oxysporum indicating 
that LBKURCC69 was F. oxysporum.  

Genus of Fusarium was commonly known as pathogens 
that caused various diseases in plants. Nevertheless, there 
were several strains of Fusarium, such as F. oxysporum 
isolated from soil which was non-pathogenic and utilized 
as a biocontrol agent for treating diseases caused by fungi 
from the genus of Fusarium itself (Moretti 2009). The 
existence of the genus of Fusarium was not always 
associated with losses. For instance, infection of F. 
cylindriscorpum and F. oxysporum on agarwood trees 
(Aquilaria malaccensis) led the tree to scent widely and 
generated a high economic value (Mega and Phabiola 
2010). Saryono et al. (2015a) managed to isolate some 
inulinase-producing fungi that grow in the rhizosphere of 
dahlia tubers that had rotted. One of the fungi was of the 
genus Fusarium which was likely to be endophytic fungi. 
Another research conducted by Saryono et al. (2015b) 
stated that some endophytic fungi isolated from the 
rhizosphere of dahlia showed ability in producing 
inulinase. In line with that, this research explored the 
potency of F. solani LBKURCC67 and F. oxysporum 
LBKURCC69 to produce another important enzyme 
namely β-galactosidase. β-galactosidase was obtained from 
microorganisms such as fungi, bacteria and yeasts; plants, 
animals cells, and from recombinant sources. The enzyme 
had two main applications; the removal of lactose from 
milk products for lactose intolerant people and the 
production of galactosylated products (Husain 2010). 

Production of β-galactosidase enzyme by both fungi 
was carried out by varying fermentation period into 2, 4, 6, 
8, and 10 days. Based on Table 5, there was no significant 
difference among all fermentation periods on both isolates 
and optimal production time could not be determined with 
variations of up to 10 days of production time. The enzyme 
activity obtained in this study was much lower compared to 
the activity of the enzyme β-galactosidase derived from 
Aspergillus niger and Kluyveromyces lactis (Oliveira et al. 
2011). Meanwhile, the specific activity of the enzyme 
could be used as a measurement of the purity of the 
isolated enzyme. The higher the specific activity of the 
enzyme, the higher the purity levels of the enzyme. This 
was due to non-enzyme protein loss at some stages of 
separation passed in the enzyme purification. From the 
result, the specific activity of β-galactosidase produced by 
F. oxysporum LBKURCC69 was higher than F. solani 
LBKURCC67.  

To summarize, microscopic characteristic of 
LBKURCC67 and LBKURCC69 indicated that both 
isolates belonged to the genus of Fusarium sp. 
Furthermore, molecular identification according to NCBI 

GenBank affirmed the previous identification which 
LBKURCC67 was identified to be Fusarium solani with 
99% homology similarity and LBKURCC69 showed 
perfect homology similarity (100%) with Fusarium 
oxysporum. On the other hand, both fungi were able to 
produce β-galactosidase, however, the activity did not 
change significantly at various production times of 2, 4, 6, 
8, and 10 days. LBKURCC69 β-galactosidase showed 
higher specific activity (1.886 ± 0.277 U/mg) than 
LBKURCC67 (1.179 ± 0.081 U/mg). This initial report 
could be new information for the next study to explore 
more about the potency of endophytic fungi isolated from 
dahlia tubers as β-galactosidase producers and to determine 
the optimum fermentation condition in order to obtain the 
highest yield of β-galactosidase as well. 

ACKNOWLEDGEMENTS 

This study was funded by Postgraduate Grant Research 
from The Ministry of Research, Technology, and Higher 
Education of The Republic of Indonesia on behalf of Prof. 
Dr. Saryono. 

REFERENCES 

Botella L, Diez JJ. 2011. Phylogenic diversity of fungal endophytes in 
Spanish stands of Pinus halepensis. Fungal Divers 47 (1): 9-18. 

Brasileiro TRVB, Coimbra MRM, Antonio de Morais JrM, Tinti de 
Oliveria N. 2004. Genetic variability within Fusarium solani species 
as revealed by PCR-fingerprinting based on PCR markers. Braz J 
Microbiol 35: 205-210. 

Choonia HS, Lele SS. 2013. Three phase partitioning of β-galactosidase 
produced by an indigenous Lactobacillus acidophilus isolate. Sep 
Purif Technol 110: 44-50. 

Ding T, Jiang T, Zhou J, Xu L, Gao ZM. 2010. Evaluation of 
antimicrobial activity of endophytic fungi from Camptotheca 
acuminata (Nysssaceae). Genet Mol Res 9 (4): 2104-2112. 

Dornbusch HJ, Buzina W, Summerbell RC, Lass-Förl C, Lackner H, 
Schwinger W, Sovinz P, Urban C. 2005. Fusarium verticillioides 
abscess of the nasal septum in an immunosuppressed child: case 
report and identification of the morphologically atypical fungal strain. 
J Clin Microbiol 43 (4): 1998-2001. 

González-Pérez E, Yañez-Morales MJ, Ortega-Escobar H, Velázquez-
Mendoza J. 2009. Comparative analysis among pathogenic fungal 
species that cause gladiolus (Gladiolus grandiflorus Hort.) corm rot 
in Mexico. Rev Mex Fitopatol 27: 45-52.  

Grosova Z, Rosenberg M, Rebros M. 2008. Perspective and applications 
of immobilesed β-galactosidase in food industry-a review. Czech J 
Food Sci 26: 1-14. 

Gutierrez-Acosta OB, Arriaga S, Escobar-Barriosa VA, Casas-Floresb S, 
Almaendarez-Camarilloc. 2012. Performance of innovative PU-foam 
and natural fiber-based composites for the biofiltration of a mixture of 
volatile organic compounds by a fungal biofilm. J Hazard Mater 201: 
202-208.  

Hafizi R, Salleh B, Latiffah Z. 2013. Morphological and molecular 
characterization of Fusariu. solani and F. oxysporum associated with 
crown disease of oil palm. Braz J Microbiol 44 (3): 959-968. 

Husain, Qayyum. 2010. β Galactosidases and their potential applications: 
a review. Crit Rev Biotechnol 30 (1): 41-62. 

Kumala S, Agustina E, Wahyudi P. 2006. Antimicrobial activity test of 
plant secondary metabolites from trengguli (Cassia fistula L) 
endophytic fungi. Jurnal Bahan Alam Indonesia 2 (6): 46-48. 
[Indonesian] 

Kumar A, Patil D, Rajamohanan PR, Ahmad A. 2013. Isolation, 
purification and characterization of vinblastine and vincristine from 
endophytic fungus Fusarium oxysporum isolated from Catharanthus 
roseus. PLoS One 8 (9): 1-10.  



 B IODIVERSITAS  18 (1): 145-152, January 2017 

 

152

Kumar DJM, Sudha M, Devika S, Balakumaran MD, Kumar MR, 
Kalaichelvan PT. 2012. Production and optimization of β-
galactosidase by Bacillus sp. mptk 121, isolated from dairy plant soil. 
Ann Biol Res 3 (4): 1712-1718. 

Lorenita M, Yuli H, Fifi P, Didit T, Saryono. 2013. Screening of 
endophytic fungi from tubers of Dahlia variabilis. Intl J Agri Technol 
9 (3): 565-570. 

Malinowski DP, Belesky DP. 2000. Adaptations of endophyte-infected 
cool-season grasses to environmental stresses: mechanisms of drought 
and mineral stress tolerance. Crop Sci 40: 923-940.  

Martins IM, Cortes JCG, Munoz J, Moreno B, Ramos M, Clemente JA, 
Duran A, Ribas JC. 2011. Differential activities of three families of 
specific β (1,3) glucan synthase inhibitors in wild-type and resistant 
strains of fission yeast. J Biol Chem 286 (5): 3484-3496. 

Mega IM, Phabiola TA. 2010. Isolation of fungi forming agarwood 
“gubal” on Gyrinops verstegii in Pupuan Sub District, Tabanan 
District. Agritrop 29 (4): 189-198. [Indonesian] 

Moeini H, Nahvi I, Tavassoli M. 2004. Improvement of SCP production 
and BOD removal of whey with mixed yeast culture. Electr J 
Biotechnol 7 (3): 1-7. 

Montiel-González L, González-Flores F, Sánchez-García BM, Guzmán-
Rivera S, Gámez-Vázquez FP, Acosta-Gallegos JA, Rodríguez-
Guerra R, Simpson-Williamson J, Cabral-Enciso M, Mendoza-Elos 
M. 2005. Species of Fusarium occurring on bean (Phaseolus vulgaris 
L.) roots affected with rots in five states of Central México. Mex J 
Phytopathol 23: 1-7. 

Moretti AN. 2009. Taxonomy of Fusarium genus, a continuous fight 
between lumpers and splitters. Proc Nat Sci Matica Srpska Novi Sad 
117: 7-13.  

Nakayama K, Aoki T. 2010. Foot rot of tomato a new disease in Japan 
caused by Fusarium solani F. sp. eumartii. Jpn J Phytopathol 76: 7-
16. 

Nelson PE, Tousson TA, Marasas WFO. 1983. Fusarium Species: An 
Illustrated Manual for Identification. Pennsylvania State University 
Press, Philadelphia. 

Oliveira BR, Crespo MT, San RomãoMV, Benoliel MJ, Samson RA, 
Pereira VJ. 2013. New insights concerning the occurance of fungi in 
water sources and their potential pathogenicity. Water Res 47 (16): 
6338-6347.  

Oliveira C, Pedro MR, Guimarães, Domingues L. 2011. Recombinant 
microbial systems for improved β-galactosidase production and 
biotechnological applications. Biotechnol Adv 29 (6): 600-609. 

Porras-Alfaro A, Bayman P. 2011. Hidden fungi, emergent properties: 
endophytes and microbiomes. Annu Rev Phytopathol 49: 291-315. 

Rodriguez RJ, Redman RS, Henson JM. 2004. The role of fungal 
symbioses in the adaptation of plants to high stress environments. 
Mitig Adapt Strat Global Change 9: 261-272.  

Saryono, Chainulfiffah AM, Aulia A, Nova WP. 2015b. Production, 
purification, and characterization of inulinase from dahlia 
rizhosphere-isolated Aspergillus clavatus. J Chem Pharm Res 7 (9S): 
165-176 

Saryono, Sefni H, Dina F, Christine J, Titania TN, Aulia A. 2015a. 
Antimicrobial activity and molecular characterization of endophytic 
fungi strain isolated from dahlia (Dahlia variabilis). J Chem Pharm 
Res 7 (9S): 201-208. 

Shrestha P, Szaro TM, Bruns TD, Taylor JW. 2011. Systematic search for 
cultivatable fungi that best deconstruct cell walls of Miscanthus and 
sugarcane in the field. Appl Environ Microbiol 77 (15) : 5490-5504. 

Sikumbang S, Hindersah R. 2009. Dahlia plants: Potential Natural 
Products, Source of Carbohydrates and Bioactive Compound. UNRI 
Press, Pekanbaru. [Indonesian] 

Strobel G. 2006. Harnessing endophytes for industrial microbiology. Curr 
Opin Microbiol 9: 240-244. 

Ul-Hassan SR, Strobel GA, Booth E, Knighton B, Floerchinger C, Sears J. 
2012. Modulation of volatile organic compound formation in the 
Mycodiesel producing endophyte- Hypoxylon sp. C1-4. Microbiology 
158: 464-473. 

Wang Y, Bruno LC, Zang XG. 2008. Two new species of Ulocladium 
from Southwest China. Mycologia 100 (3): 455-459. 

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct 
sequencing of fungal ribosomal RNA genes for phylogenetics.PCR 
Protocols: A Guide to Methods and Applications. Academic Press, 
San Diego, California. 

Wilson D. 1995. Endophyte - the evolution of a term, and clarification of 
its use and definition. Oikos 73 (2): 274-276.  

Zakaria L, Ning CH. 2013. Endophytic Fusarium spp. from roots of lawn 
grass (Axonopus compressus). Trop Life Sci Res 24 (2): 85-90. 

Zhang N, O’Donnell K, Sutton DA, et al. 2006. Members of the Fusarium 
solani species complex that cause infections in both humans and 
plants are common in the environment. J Clin Microbiol 44 (6): 2186-
2190. 

 



BIODIVERSITAS  ISSN: 1412-033X 

Volume 18, Number 1, January 2017 E-ISSN: 2085-4722  

Pages: 153-159 DOI: 10.13057/biodiv/d180122 

Application of Coastal and Marine Ecological Classification Standard 

to organize island ecosystem: the Abu Musa Island, Persian Gulf case 

study 

ROUHOLLAH ZARE1, MAHMOOD SINAEI2, ARASH SHAKOURI1, MEHDI BOLOUKI KOURANDEH3, 

MOHAMMAD HASAN GERAMI4, 

1Department of Marine Biology, Faculty of Marine Science, Chabahar Maritime and Marine University. Chabahar, Province of Sistan dan Baluchestan, Iran 
2Department of Fisheries, Chabahar Branch, Islamic Azad Univerdity. Chabahar, Province of Sistan and Baluchestan, Iran 

3Deputy of Marine Environment, Marine Environment Division, Department of Envirinment, Iran 
4Young Researchers and Elite Club, Shiraz Branch, Islamic Azad University. Shiraz, Iran. Tel.:: +98-71-3619 1200. email: m.h.gerami@gmail.com 

Manuscript received: 30 October 2016. Revision accepted: 1 December 2016.  

Abstract. Zare R, Sinaei M, Shakouri A, Kourandeh MB, Gerami MH. 2017. Application of Coastal and Marine Ecological 

Classification Standard to organize island ecosystem: the Abu Musa Island, Persian Gulf case study. Biodiversitas 18: 153-159. A first 

step in marine conservation plans is to identify and classify habitat types. These classifications should be scientificallyrigorous with high 

application. The Coastal and Marine Ecological Classification Standard (CMECS) is a nested, hierarchical framework that applies a 

uniform set of rules that have a high capacity in marine habitats classifications. In this study, this capacity was tested for the Abu Musa 

Island ecosystem, Persian Gulf. The Surface Geology Component and the Biotic CoverComponent were analyzed and encoded with the 

given instructions. In total, 21 codes were determined for benthic communities and 19 codes for geoform component, which showed 

high diversity of habitats and variety of biotopes in this island.Finally, results indicated that the CMECS approach was successful in 

Abu Musa habitat classification. In addition, results were very useful for sustainable development especially for ecotourism plans. 

Keywords: Abu Musa Island, CMECS, ecotourism, habitat classification 

INTRODUCTION 

Isolation and high availability of empty niches have 

caused diversification on islands with unique ecosystem 

(Steinbauer et al. 2012).However, the valuable island’s 

biota are under severe threatdue to habitat loss and climate 

change (Kreft et al. 2008). Ecological classification is a 

fundamental role to increase the knowledge about spatial 

patterns and maintainingecosystem services (Carollo et al. 

2013). Indeed, changes in marine biodiversity are thecause 

of change of several ecosystem services (Worm et al. 

2006). Therefore, effective management of these 

ecosystems requires relatively clear understanding of their 

presentecology, and also their sensitivity to naturaland 

anthropogenic changes (Ansari et al. 2014). The Coastal 

and Marine EcologicalClassification Standard System 

(CMECS) is a catalog of terms that classifies ecological 

units using a simple,standard format and common 

terminology (Madden et al. 2008). CMECS was 

developedwith the input of over 40 coastal and 20 marine 

habitats and recently endorsed by the USFederal 

Geographic Data Committee (FGDC) as the first national 

standard for classifying coastal and marineecosystems and 

is a wide-spread implementation (Carollo et al. 2013; 

Madden et al. 2008). This method provides a framework to 

linkcoastal and marine habitats to ecosystem servicesand 

contributes diverse disciplines such as economics,  

 

biology,ecology, oceanography, geology, and fisheries; in 

order to establish a national classification with national and 

regionalcapabilities and boundaries of different habitats 

such as estuaries, rivers or coastlines. 

Many researchers applied CMECS for Island 

ecosystems to assess and identify the ecological health and 

habitats. Ansari et al. (2014) achieved ecological 

classification based on CMECS model for the Qeshm 

Island in the Persian Gulf and stated that tourist traffic 

affected this classification. In addition, the Hengan Island 

coastal biotopes were identified by Mehrdost et al. (2014) 

and 24 standard codes successfully reported for this island. 

Furthermore, Carollo et al. (2014) applied identified and 

classified the US Gulf of Mexico habitat types based on 

CMECS and endorsed this method for this region. 

The Abu Musa is an undeveloped island in the Persian 

Gulf which has 12.8 km2 areas and diverse ecosystem 

compared to other island in this area (Afkhami et al. 2012). 

Therefore, it is fundamental to monitor environment prior 

any industrial or tourism activities in this region. In this 

study, we analyzed,natural parameters to map Abu Musa 

ecosystem. The map can present niche overlap or 

anthropogenic feedbacks, thereupon; management plans 

can apply based on ecological standards to produce 

sustainable development in fisheries, oil industries or even 

ecotourism.Overall, the main purpose of this study is to 

provide basic information for further studies in this region. 
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MATERIALS AND METHODS 

The survey was conducted in the Abu Musa Island 

coastline, Persian Gulf (25° 52′N 55 ° 02′E, Figure 1). This 

island belongs to Iran and inhabited by Iranian and Emirati. 

Due to lack of suitable farming land and freshwater, 

fisheries activates is the main profession in this island. The 

weather in Abu Musa is warm and humid with two distinct 

seasons. This study was carried out during 2014-2015 in 

two seasons (cold and warm season). Due to the depth of 

sea, oil tankers and big ships have to pass between Abu 

Musa and Greater and Lesser Tunbs; this makes these 

islands some of the most strategic points in the Persian 

Gulf (Ewan and Owen. 1993). 

Macrobenthic communities sampling 

Van Veen Grab with 0.04 m2 cross section used to 

sample from sediments and soft-sediments macrofouna. 

Sediments samples were sieved through 1000, 500, 250, 

125 and 63 micron, respectively and the remains were 

heated to 70 C° in the oven and weighted after (Eleftheriou 

2013). The U-50 Series multi-parameter water quality 

meters (Horbia, Japan) used to measure and log data. 

Soft-bottom macroinvertebrates samples were sieved 

through 0.5 mm mesh and the remaining was fixed and 

preserved by 97% ethanol and transferred to laboratory for 

further analysis. Organism were stained by Rose Bengal 

and sorted to major taxonomic groups. Macroinvertebrates 

were identified by illustrated key such as: Fauchald (1997), 

Sterrer (1986), Bosch and Dance (1995) and Debruyne 

(2003). In addition, 50×50 quadrate employed to sample 

from hard-substrate macroinvertebrates communities. 

Coastline survey 

Field survey and observation method employed to 

investigate coastline morphology, geology and anthropogenic 

features. Therefore, Supra tidal area investigated based on 

geodesy navigationand bio-indicators species. Finally, 

ecosystem levels and habitat boundarieswere distinguished 

based on field survey and GPS recorded data. 

Applying the CMECS classification 

Collected data based on field survey, benthic and 

plankton sampling used to evaluate several levels of the 

CMECS classification system (Madden et al. 2008). The 

highestclassification level has four components: The Water 

Column Component (WC), Geoform Component (GC), 

Substrate Component (SC) and The Biotic Component 

(BC).WCdescribes the water column in terms of vertical 

layering, watertemperature and salinity conditions.SC with 

GCdescribe the geological composition and environment of 

the upper layer of the hard substrate and 15 cm of soft 

substrate. The main focus of this component is on the 

structural (non‐living) aspects of biogenic substrates. 

Classes of these tow component are divided into Faunal 

Reef Substrate, Coral Reef Substrate, Rock Substrate and 

Unconsolidated Substrate. BCdescribesthe composition of 

floating andsuspended biotathe biological composition of 

coastal and marine benthos (Madden et al. 2008).However, 

in this study, WC excluded from final analysis due to lack 

of access and conditions. Encoding system employed to 

classifyeach level and component information according to 

the characteristics of each Biotope. Finally, classified data 

were plotted with Arc GIS 9.3. 

RESULTS AND DISCUSSION 

Biotic component (BC) 

Geodesy navigation around revealed that Prosopis sp., 

Ziziphus sp., Vachellia sp., Chamaerops sp., Albizia sp., 

Tamarix sp. and Pinus sp.were plant biota in the island. 

Prosopis sp., Ziziphus sp., Vachelliasp.were more abundant 

than others and Pinus sp. was man made. Vegetation map 

of the island is represented in Figure 2.  

 

 

 
Figure 1. Map of Abu Musa Island location in the Persian Gulf 
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Results of macrobenthic identification showed that 79 

genus from 61 families and 21 orders live in the Abu Musa 

Island coastline and marine environment. Check list of 

these invertebrates is represented in Table 1. Three main 

parts of the island identified and encoding system for 

benthic environment was applied for these three regions 

(Table1). The benthic biota encoding system is represented 

in Table 2. According to Table 2, fifty five habitats were 

distinguished in the coastal ecosystem. Sediments grain 

size was studied in three main parts of the island. Based on 

CMECS all the sediments type were categorized and 

geology map was plotted for each part (Table3, Figure 3). 

Discussion 

The most important challenge in habitat classification is 

to define habitats by their physical attributes versusdefining 

them by biological requirements, communitystructure or 

ecological functionality (Diaz et al. 2004; Kurtzet al. 

2006).The CMECS encoding system attempts to solve this 

tension. Based on the CMECS method, all the coastal 

habitats of the Abu Musa belonged to intertidal and 

subtidal zone. Geoform coding revealed that more that 50% 

of the island substrate is Rock Substrate. Results of 

encoding system showed that the entire coastline in the 

Abu Musa Island has geological origin.Five natural 

geofrom of the Abu Musa Island was mud platform, sandy 

platform, canals, firth and tidal ponds. Maximum 

geological origin also reported by other researchers in other 

islands of the Persian Gulf (Ansari et al. 2014;Mehrdostet 

al. 2014; Aghajanpour et al. 2015). 

Biological coding system recognized 55 habitats in the 

island benthic ecosystem. These habitats contained 10 

codes in the CMECS which shows high biological and 

habitat diversity in this island. High biological diversity in 

the islands of the Persian Gulf was also reported by 

Fatemiand Shokri (2001) and Mostafavi et al. (2007) for 

Kish Island, Shojae et al. (2010) for Larak Island and 

Naderloo et al. (2013) for Qeshm Island. 

Intertidal platforms with muddy-sandy substrate were the 

most abundant geoform in region 1. This region had 2 

codes from Unconsolidated Substrate solely, which 

indicates the homogeneity of this region. Muddy platforms 

are the most appropriate habitats for benthic communities 

(Volkenborn and Reise 2007). Therefore, this region had 

highest diversity in comparison with region 2 and 3.Sandy 

platforms were the most abundant substrate in region 2. 

Due to rocky substrate, diversity in this region was low.  

 

 

 
Figure 2. Vegetation map of the Abu Musa Island in 2014-2015. “0” shows natural and “1” shows man made vegetation respectively. 
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In general, application of the CMECS model in island 

ecosystems was successful in this study. Indeed, the new 

version of the CMECS coding system has increased the 

efficiency of this method in comparison to older versions 

(Cowardin et al. 1979; Greene et al. 1999; Madden et al. 

2008). This method is a useful way to provide a mechanism 

for identifying andmapping habitats and will facilitate 

communication amongscientists and managers.Douvere 

and Ehler (2001) stated that marinespatial management 

plans are include defining the boundaries of the ecosystem, 

spaces with special ecological, biological and special 

economic value, and defining the spaces where are high 
 

 

 
Figure 3. Topography map of the Abu Musa Island (2014-2015) 

 

 

Table 1. Identified coastline marine macrobenthic during this study in the Abu Musa Island 2014-2015 

 

Genus Family Order Class Phylum 

Chiton sp. Chitonidae Neoloricata Polyplacophora Mollusca 

Aplysia sp. Aplysiidae Anaspidea Gastropoda 

Onchidella sp. Onchidiidae Onchidiacea 

Engina sp. Buccinidae Monotocardia 

Diastoma sp. Diastomatidae Neogastropoda 

Tornus sp. Tornidae 

Mitrella sp. Columbellidae 

Conus sp. Conidae 

Hexaplex sp. Muricidae 

Morula sp. 

Cronia sp. Thaididae 

Thais sp. 

Nassarius sp. Nassariidae 

Bullia sp. 
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Diodora sp. Fissurellidae Archaeogastropoda 

Nerita sp. Neritidae 

Nerita sp.2 

Turbo sp. Turbinidae 

Turbo sp.2 

Trochus sp. Trochidae 

Umbonium sp. 

Patella sp. Patellidae 

Patella sp.2 

Planaxis sp. Planaxidae Mesogastropoda  

Heliacus sp. Architectoniicidae 

Natica sp. Naticidae 

Gyrineum sp. Cymatiidae 

Cypraea sp. Cypraeidae 

Cypraea sp.2 

Cerithium sp. Ceritiidae 

Rhinoclavis sp. 

Rhinoclavis sp.2 

Bittium sp. 

Gastrochaena sp. Gastrochaenidae Myoida Bivalvia 

 

 

 

 

 

Acar sp. Arcidae Arcoida 

Barbatia sp. 

Saccostrea sp. Ostreidae Pterioida 

Spondylus sp. Spondylidae 

Isognomon sp. Isognomonidae Mytiloida 

Septifer sp. Mytilidae 

Lithophaga sp. 

Circenita sp. Veneridae Veneroida 

Trapezium sp. Trapeziidae 

Asaphis sp. Psammobiidae 

Rupellaria sp. Petricolidae 

Diplodonta sp. 

 

Ungulinidae 

Lysidice sp. Eunicidae  Polychaeta Annelida 

Nereis sp. Nereidae 

Halosydna sp. Polynoidae 

Cirriformia sp. Cirratulidae 

Polydora sp. Polydoridae 

Arabella sp. Arabellidae 

Haplosyllis sp. Syllidae 

Odontosyllis sp. 

Nicolea sp. Terebellidae 

Amphitrite sp. 

 

Cyclaspis sp. Bodotriidae Cumacea Crustacea Arthropoda 

Balanus sp. Balanidae Cirripedia 

Clausidium sp. Clausiidae Copepoda 

Gonodactylus sp. Gonodactylidae Stomatopoda 

Elasmopus sp. Gammaridae Amphipoda 

Exosphaeroma sp. Sphaeromatidae Isopoda 

Cyathura sp. Anthuridae 

Ligia sp. Oniscidae 

Pagurus sp. Paguridae Decapoda 

Petrolisthes sp. Galatheidae 

Alpheus sp. Alpheidae 

Charybdis sp. Portunidae 

Pilumnopeus sp. Pilumnidae 

Trigonoplax sp. Hymenosomatidae 

Nursia sp. Leucosiidae 

Grapsus sp. Grapsidae 

Sesarma sp. 

Atergatus sp. Xanthidae 

Etisus sp. 

Menippe sp. Eriphiidae  

Eriphia sp. 

Cafius sp. Staphylinidae Coleoptera Insecta 

Ammothella sp. Ammotheidae Pantopoda Pycnogonida 
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sensitive to anthropogenic activities. Although, CMECS 

can help in ecotourism approach, some errors and 

limitations found in this study which should be considered 

in further studies: (i) Biological limitations, such as 

restrictions in habitats due to mineral salt, climatic 

constraints (rainfall, high temperature and humidity) and 

lack of vegetation and wildlife in the island. (ii) 

Environmental limitations, such as geological and 

topographical problems, locating in an earthquake-prone 

area, limitations in flat grounds, salt domes, lack of 

freshwater and low rate of population growth in the island. 

In the end, it is well known that CMECS has the capacity 

to define all these topics. Therefore, it would be a useful 

approach to manage the Abu Musa Island and the other 

similar island around the world. 
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Table 2. CMECS coding system for benthic communities in the Abu Musa Island 2014-2015 

 

Reg. System Subsystem Class Subclass Biotic Group Biotope CMECS Code 

1 Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Small Surface Burrowing 

Fauna [sb] 

Polychaeta 

communities 

MS.NearshoreIntertidal_ 

b: FB.3.sb 

Marine 

[MS]* 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Tunneling Megafauna 

[tm] 

Uca sp. MS.NearshoreIntertidal_ 

b: FB.3.tm.Uca sp. 

Marine 

[MS] 

Nearshore 

Subtidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Tunneling Megafauna 

[tm] 

Periophtalmus 

waltoni 

MS.NearshoreIntertidal_ 

b: FB.3.tm.Perio wal 

Marine 

[MS] 

Nearshore 

Subtidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

- Molluscs 

communities 

MS.NearshoreIntertidal_ 

b: FB.3 

Marine 

[MS] 

Nearshore 

Subtidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Small Surface Burrowing 

Fauna [sb] 

Polychaeta 

communities 

MS.NearshoreSubtidal _ 

b: FB.3.sb 

Marine 

[MS] 

Nearshore 

Subtidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

 Molluscs 

communities 

MS.NearshoreSubtidal _ 

b: FB.3 

 

2 Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Small Surface Burrowing 

Fauna [sb] 

Polychaeta 

communities 

MS.NearshoreIntertidal_ 

b: FB.3.sb 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Tunneling Megafauna 

[tm] 

Uca sp. MS.NearshoreIntertidal_ 

b: FB.3.tm.Uca sp. 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Tunneling Megafauna 

[tm] 

Periophtalmus 

waltoni 

MS.NearshoreIntertidal_ 

b: FB.3.tm.Perio wal 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

- Bivalvia 

communities 

MS.NearshoreIntertidal_ 

b: FB.3 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Mobile 

Epifauna 

Mobile Crustacean 

[mc ] 

Paguridae 

community 

MS.NearshoreIntertidal_ 

b: FB.2.mc 

Marine 

[MS] 

NearshoreSu

btidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Small Surface Burrowing 

Fauna [sb] 

Polychaeta 

communities 

MS.NearshoreSubtidal _ 

b: FB.3.sb 

Marine 

[MS] 

Nearshore 

Subtidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

- Bivalvia 

communities 

MS.NearshoreSubtidal _ 

b: FB.3 

 

3 Marine 

[MS] 

Nearshore 

Intertidal 

Aquatic Bed 

[AB] 

Macroalgae 

[1] 

Attached Ephemeral 

Macroalgae [ae] 

Mixed ephemeral 

macroalgae 

MS.NearshoreIntertidal_ 

b: AB.1.ae 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Small Surface Burrowing 

Fauna [sb] 

Polychaeta 

communities 

MS.NearshoreIntertidal_ 

b: FB.3.sb 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Tunneling Megafauna 

[tm] 

Uca sp. MS.NearshoreIntertidal_ 

b: FB.3.tm.Uca sp. 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Tunneling Megafauna 

[tm] 

Periophtalmus 

waltoni 

MS.NearshoreIntertidal_ 

b: FB.3.tm.Perio wal 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

- Bivalvia 

communities 

MS.NearshoreIntertidal_ 

b: FB.3 

Marine 

[MS] 

Nearshore 

Intertidal 

Faunal Bed 

[FB] 

Sessile 

Epifauna  

[1] 

Sessile Gastropda 

[sg] 

Planaxissulcatus MS.Nearshore Intertidal_ 

b: FB.1.sg.Plan sul 

Marine 

[MS] 

NearshoreSu

btidal 

Faunal Bed 

[FB] 

Infauna 

[3] 

Small Surface Burrowing 

Fauna [sb] 

Polychaeta 

communities 

MS.NearshoreSubtidal _ 

b: FB.3.sb 

Marine 

[MS] 

NearshoreSu

btidal 

Faunal Bed 

[FB] 

Mobile 

Epifauna  

[2] 

Mobile Crustacean 

[mc ] 

Paguridae 

community 

MS.NearshoreSubtidal _ 

b: FB.2.mc 

Note: *letters and numbers in [] indicating CMECS encoding system. 
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Table 3. CMECS coding system for geoform substrate in the Abu Musa Island 2014-2015 

 

Reg. System Subsystem 
Physiographic  

setting 

Coastal  

geoform 

Anthropogenic  

geoform 

CMECS  

code 

1 Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Fish Pond [FP] g:Continental/Island shelf.FL.FP 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Sea Wall [SL] g:Continental/Island shelf.FL.SL 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Jetty [JE] g:Continental/Island shelf.FT.JE 

Marine [MS] Nearshore Intertidal Continental/Island shelf Flat [FT] Pier [PE] g:Continental/Island shelf.FT.PE 

Marine [MS]  Nearshore Supratidal Continental/Island shelf Flat [FT] Pier [PE] g:Continental/Island shelf.FT.PE 

       

2 Marine [MS] Nearshore Intertidal Continental/Island shelf Flat [FT] - g:Continental/Island shelf.FL 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Fish Pond [FP] g:Continental/Island shelf.FL.FP 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Sea Wall [SL] g:Continental/Island shelf.FT.SL 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Sea Wall [SL] g:Continental/Island shelf.FT.SL 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Harbor [HB] g:Continental/Island shelf.FT.HB 

Marine [MS]  Nearshore Supratidal Continental/Island shelf Flat [FT] - g:Continental/Island shelf.BE 

       

3 Marine [MS] Nearshore Intertidal Continental/Island shelf Flat [FT] Fish Pond [FP] g:Continental/Island shelf.FL.FP 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Tidal Pool [TP] - g:Continental/Island shelf.TP 

Marine [MS] Nearshore Intertidal Continental/Island shelf Flat [FT] Jetty [JE] g:Continental/Island shelf.FT.JE 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Flat [FT] Pier [PE] g:Continental/Island shelf.FT.PE 

Marine [MS] Nearshore Supratidal Continental/Island shelf Beach [BE] - g:Continental/Island shelf.BE 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Channal [CH] - g:Continental/Island shelf.CH 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Bay [BY] - g:Continental/Island shelf.BY 

Marine [MS]  Nearshore Intertidal Continental/Island shelf Channal [CH] - g:Continental/Island shelf.CH 

Note: *letters and numbers in [] indicating CMECS encoding system 
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Abstract. Hapsari L, Kennedy J, Lestari DA, Masrum A, Lestarini W. 2017. Ethnobotanical survey of bananas (Musaceae) in six districts 
of East Java, Indonesia. Biodiversitas 18: 160-174. Ethnobotanical survey of bananas was conducted in six districts of East Java, 
Indonesia i.e. Pasuruan, Probolinggo, Banyuwangi, Lumajang, Jember and Malang during 2012-2015. Seventy-nine local cultivar names 
were recorded in the six districts, including local Javanese names and some possible synonyms among the cultivars. Four genomic 
groups are represented: AA (13), AAA (16), AAB (24) and ABB (16); 10 specimens are uncertain AA/AAA/AAB. Banana cultivar 
names given by local communities mostly reflect distinct morphological or perceptual characteristics, as well as uses, although some of 
the names do not refer to appearance or anything at all. Some cultivars were restricted to particular regions. Bananas play important roles in 
East Javanese socio-economic and cultural life. All parts of the plant are used: for food, fodder, domestic materials, fibers, shelters, 
ornamentals, medicines, in rituals and ceremonial events and other miscellaneous uses. Banana plants have deep philosophical meaning; 
their characteristics are associated with the process of life and provide lessons on life ethics. Conservation of local banana cultivars is 
needed in the face of negative impacts of commercialism. In-situ/on-farm conservation of bananas is a suitable strategy. Conserving the 
diverse species and varieties of bananas is necessary to maintain their adaptability and resilience to resist biotic and abiotic stresses.  

Key words: banana, diversity, East Java, ethnobotany, Musa, ritual, uses 

INTRODUCTION 

Banana (Musaceae) is a fruit plant of worldwide 
popularity and importance, especially among rural 
communities. The paleotropical Musaceae family 
comprises the genera Musa, Ensete and Musella. The Indo-
Malesian region is considered the homeland of bananas, 
both wild species and cultivars. Through processes of 
domestication, selection and cultivation, humans have 
spread bananas worldwide throughout the tropics and 
subtropics (Espino et al. 1992; Kennedy 2008; De Langhe 
et al. 2009; Kennedy 2009a). Archaeological and 
biomolecular evidence suggest that bananas began to be 
domesticated in Southeast Asia at least 5000 years ago (De 
Langhe et al. 2009; Li et al. 2013).  

Ethnobotany depends upon interdisciplinary research. 
Ethnobotanical researches on bananas have been conducted 
in different regions with many different perspectives and 
purposes. These include, for example, linguistic and 
archaeobotanical perspectives on banana domestication in 
the Asia-Pacific region (Kennedy 2008, Donohue and 
Denham 2009), South Asia and East Asia (Fuller and 
Madella 2009), Africa (Lejju et al. 2006); various uses of 
banana plants by indigenous people in ancient India 
(Pushpangadan et al. 1989), Indo-Malesia and the Pacific 
(Kennedy 2009b); local practices maintaining landrace 
banana diversity in East Africa Highland (Sato 2009). 

Further ethnobotanical studies are urgently needed to 
improve our understanding of the exact domestication 

pathways of popular banana varieties-this is of crucial 
importance for banana breeding programmes. More work is 
especially urgent in the crucial and vast area from India, 
China and mainland Southeast Asia, to the Philippines, 
Indonesia and New Guinea. This should include 
biomolecular characterisation (fine sequencing); 
archaeological excavation and archaeobotanical study 
(macro and micro fossil banana evidence); more 
ethnobotanical researches documenting the various uses 
and cultivation practices of bananas; and in linguistics a 
much greater understanding of comparative terms for 
banana plants and plant parts (Daniells et al. 2001; 
Kennedy 2008; De Langhe et al. 2009).  

Being part of the primary center of origin and diversity 
of bananas, Indonesia has played a significant role in 
banana history and is a most important region to study. 
Previous studies show the importance of banana plants in 
the daily life of people throughout the Indonesian 
archipelago, notably Papua and Maluku (Edison et al. 
1996; Djoht 2002; Edison et al. 2002; Kennedy 2008), 
North Sulawesi and North Maluku (Hermanto et al. 2012), 
Central Maluku and Lesser Sunda Islands (Hermanto et al. 
2013), Bengkulu (Kasrina and Zulaikha 2013), Purbalingga 
(Ayuningtyas 2013), Nganjuk (Indraswari 2014), Madura 
Island (Hapsari et al. 2015a), and Lumajang (Firdausi et al. 
2015). 

East Java Province was reported as one among the 16 
provinces that are centers of banana production in 
Indonesia (Ministry of Agriculture RI 2015). Setyowati and 
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Sumiasri (2009) reported their ethnobotanical study which 
emphasized various uses of bananas in just two districts of 
East Java, Indonesia, sampling only two villages in 
Banyuwangi and three villages in Jember. They noted the 
small sample size and limited perspective, which therefore 
needed to be complemented and enriched. This paper 
presents ethnobotanical surveys of bananas in six districts 
of East Java Province, i.e. Pasuruan, Probolinggo, 
Banyuwangi, Lumajang, Jember and Malang, including an 
inventory of local banana cultivars, their naming, 
morphological appearance, miscellaneous uses, and 
significance in traditional ritual of East-Javanese culture. 
This survey records both cultural and biological diversity 
of bananas in East Java, and contributes to the increasingly 
urgent global imperative to conserve this diversity.  

MATERIALS AND METHODS 

Study area 
East Java Province of Indonesia is geographically 

located between 111º 0" to 114º 4" East Longitude and 7º 
12" to 8º 48" South Latitude, with total area of 47.963 km2 
which includes two main parts, East Java mainland and the 
Madura Islands. East Java is divided into 29 kabupaten (or 
districts), and 9 kotamadya (or cities). The ethnobotanical 
surveys on bananas were conducted in six districts of East 
Java Province, Malang, Pasuruan, Probolinggo, Jember, 
Lumajang and Banyuwangi. All six districts surveyed are 
located on the East Java mainland (Figure 1). Topography 
of the East Java mainland varies from plains (83%), hilly to 
mountainous (11%) and steep land up to 1000 m above sea 
level (6%), with mostly type D climate according to 
Schmidt and Ferguson classification, average temperature 
22 °C to 33 °C (Central Agency on Statistic of East Java 
Province 2015). 

Most of the population in the six surveyed districts is 
Javanese. Two minority sub-ethnic groups, Osing and 
Tenggerese, live in areas of Banyuwangi and Bromo-
Tengger-Semeru National Park respectively. In addition to 
the Javanese there are also Madurese who are scattered 
throughout the province (Central Agency on Statistic of 
East Java Province 2014). 

Data collection and analyses 
We carried out the field surveys during 2012-2015, with 

three days fieldwork per district . There were seven to nine 
villages surveyed per district (Table 1, Figure 1). Villages 
were selected based on information from local informants, 
especially banana sellers at the local fruit markets, about 
banana producing areas around the sites.  

This study used a purposive sampling method (Tongco 
2007) to gather valuable information from informants 
regarding their local knowledge of bananas. Snowball 
sampling was also used to contact hard-to-find key 
informants such as village leaders, religious leaders, 
farmers, and older people (Bernard 2002). At least two 
local informants per village were selected for personal 
interview, through open-ended, semi-structured interviews 
(Oishi 2002; Martin 2004; Dickinson 2013). Prior Informed 

Consent (PIC) was obtained verbally before commencing 
each interview (Ellena et al. 2012). Ethical guidelines 
followed the International Society of Ethnobiology Code of 
Ethics (2008).  

Information gathered included an inventory of local 
banana cultivar names, synonymies and meanings if 
available, local knowledge and practices regarding 
bananas, and reasons for choice to grow particular 
cultivars. Any miscellaneous uses of parts of banana plants, 
categorized into root and corm, pseudostem, leaf, and 
inflorescence as well as fruit, were recorded. The questions 
also asked about the philosophical meanings and uses of 
bananas in religious ritual ceremonies. Secondary data 
obtained from any ethnobotanical reports and references 
about bananas were also used to enrich the discussion.  

This study also includes direct participatory 
observations. The informants assisted our surveys in 
farmer’s fields, agro-forest landscapes and along the 
roadsides in the area. Any recognizable banana cultivars 
were recorded, briefly characterized and documented. 
Some living banana plants in the form of suckers, and 
seeds of wild bananas were collected for ex-situ 
conservation in Purwodadi Botanic Garden, Pasuruan, East 
Java, Indonesia. Further identifications of genomic group 
and sub-group of recorded bananas were confirmed using 
references available, including Simmonds (1959), Espino et 
al. (1992), Jumari and Pudjoarinto (2000), Valmayor et al. 
(2000), Daniells et al. (2011), Hapsari et al. (2015b), 
Hapsari et al. (2015c). Online resources were also used: 
Banana cultivar checklist (http: //www.promusa.org/ 
Banana+cultivar+checklist) and Musa Germplasm 
Information System/MGIS (http: //www.crop-
diversity.org/mgis/). In addition, the final identifications 
were confirmed by banana experts Dr. Jeff Daniells 
(Department of Agriculture Fisheries, and Forestry, 
Queensland, Australia) and Dr. Agus Sutanto (Indonesian 
Fruits Research Institute, Solok, Indonesia). 

The banana cultivars recorded in the six districts of East 
Java, Indonesia were subjected to multivariate analyses to 
investigate clustering patterns, using statistical software 
Paleontological Statistics (PAST) version 1.94b. The 
distribution of banana cultivars was quantified as binary 
data (present=1, absent=0) prior to analysis. Clustering 
analysis was conducted using the paired group algorithm 
and Jaccard similarity index. Principal coordinates (PCo) 
analysis was conducted using Jaccard similarity index, 
transformation exponent c=2 (default) at relationship of 
coordinate 1 to coordinate 3 (Real and Vargas 1996; 
Hammer et al. 2001). 

RESULTS AND DISCUSSION 

Informants’ profile 
A total of 105 informants were interviewed in the six 

surveyed areas (mean value ± SD: 17.50±2.88 per district). 
Most of the informants were of local Javanese ethnicity and 
a few were of Madurese descent; none of them were 
Tenggerese and Osing, since these groups live in isolated 
areas. More male informants (75%) than females (25%) 
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were represented, mainly because men were found working 
on farms during the day, whereas the women were at home. 
Most informants (76%) were productive working-age 
farmers between 15-54 years old (21% younger farmers 15-
34 y.o. and 55% were middle-aged, 35-54 y.o.). Farmers 
aged 55 y.o. and above made up 24% (Figure 2). This 
population profile is comparable to that found throughout 
dryland rural areas in Indonesia by Winarso (2014). The 
older informants, both males and females (mean value ± 
SD: 4.17±2.93), were the key informants for traditional 
knowledge of bananas. However, the middle-aged farmers 
were more knowledgeable about banana cultivar diversity, 
identification and cultivation in their home areas. 

The names “Gedang” and “Pisang” 
The Javanese ethnic group mostly uses Javanese 

language in everyday speech; but people also understand 

Bahasa Indonesia, the national language. All know the 
banana names gedang (Javanese) and pisang (Bahasa 
Indonesia). Javanese, Madurese and Bahasa Indonesia all 
belong to the Austronesian family language. The term 
pisang, now widespread in Indonesian and Malay, was an 
innovation of Proto-Malayic language which spread 
relatively recently to Malay-influenced areas. Gedang is 
more regionally restricted to Javanese and also Madurese 
(Donohue and Denham 2009), and has philosophical 
implications in Javanese. For example, gedang, fresh or 
cooked, are said to be suitable for eating after a heavy 
meal, “digeget bar madang” (Setyowati and Sumiasri 
2009). The term pisang is now commonly used by people 
in Java. It also has philosophical implications, since the 
word “pisang” might stand for “pitedahe gesang” which 
means lessons or guidances for life. 

 
 
 
Table 1. Location of ethnobotanical surveys on bananas in six districts of East Java, Indonesia 
 

District  Village (Sub-District ) Survey 
schedule 

Pasuruan  Gajahrejo, Sentul, Jatisari (Purwodadi); Tebas (Gondang Wetan); Kejayan (Kurung); Pasrepan, 
Pohgading, Rejosalam (Pasrepan) 

March 2012 

Probolinggo  Pajarakan Kulon, Ketompen (Pajarakan); Bani Wetan (Maron); Condong (Condong); Krucil, 
Betek (Krucil); Tiris (Tiris) 

April 2012 

Banyuwangi  Kemiren, Taman Suruh (Glagah); Pakistaji, Danasuko (Kabat); Kembiritan (Genteng); 
Sumbergondo (Glenmore); Barurejo (Kalibaru) 

April 2013 

Lumajang  Kebun Sari (Sumber Suko); Kedungjajang (Kedungjajang); Pakuan, Ambon Jambekubu 
(Pasrujambe); Wonocempokoayu, Burno (Senduro); Ranu Bedali (Ranuyoso) 

April 2013 

Jember  Ambulu, Pontang, and ongsari (Ambulu); Tanggul Wetan (Tanggul); Jatiroto (Sumber Baru); 
Sumberkalong (Kalisat); Lembengan Oloh (Ledok Ombo) 

May 2013 

Malang  Karangkates (Sumberpucung); Sukowilangun, Arjowilangun (Kalipare); Tambakrejo, Sumber 
Putih (Wajak); Pamotan (Dampit); Ngawonggo, Gunungsari (Tajinan); Asrikaton (Pakis) 

April 2015 

 

 
 

Figure 1. Map of location of ethnobotanical surveys on bananas in six districts of East Java, Indonesia. 1. Pasuruan, 2. Probolinggo, 3. 
Banyuwangi, 4. Jember, 5. Lumajang, 6. Malang 
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Figure 2. Informant profile of the ethnobotanical surveys in six districts of East Java, Indonesia 
 

 
There are numerous cultivar names and synonyms in 

different languages and dialects throughout Southeast Asia 
(Valmayor et al. 2000). In a study of linguistic terms for 
banana within Island Southeast Asia, Donohue and 
Denham (2009) have argued that the history domestication 
and spread of bananas is reflected in the reconstructed 
basic terms.  

Classification and nomenclature of edible bananas have 
long been a complicated and intractable problem. 
Knowledge of synonyms is necessary for the regional 
understanding and communication to facilitate banana 
commerce. To cope with the problem of highly variable 
local terms, bananas experts have agreed to adopt a three 
tier system, based on species, genome group, and cultivar, 
for classifying bananas. Edible bananas are considered to 
derive from hybridizations among wild diploid subspecies 
of Musa acuminata Colla (A genome) and sometimes also 
with Musa balbisiana Colla (B genome). Morphological 
traits and molecular methods can be used to identify the 
genomic groups of bananas. Various levels of ploidy and 
genomic constitution of bananas include diploid (AA, BB, 
AB; 2n= 2x= 22); triploid (AAA, AAB, ABB; 2n= 3x= 
33); and tetraploid (AAAA, AAAB, AABB, ABBB; 2n= 
4x= 44) (Simmonds, 1959; Doležel et al. 1994; Pillay et al. 
2000; Valmayor 2000; Daniells et al. 2001; Wong et al. 
2002; Nwakanma et al. 2003; De Jesus et al. 2013; Hapsari 
et al. 2015b). 

Inventory of bananas cultivated by farmers in six 
districts of East Java, Indonesia 

In total, 79 named banana cultivars were recorded in the 
six districts. Many have local Javanese names and there are 
possible synonyms among them (Table 2). Morphological 
characteristics supported identification of four genomic 
groups: AA (13), AAA (16), AAB (24) and ABB (16); 10 
specimens were uncertain AA/AAA/AAB. Since the 
morphologies are not clear for some cultivars, flow 
cytometric analysis is needed to identify them (Doležel et 
al. 1994). The genomic groups include 16 sub-groups; 17 
specimens could not be assigned to a sub-group. The AAA 
group shows high variation, with six sub-groups including 
Gros Michel, Lakatan, Pisang Nangka, Red/green, 

Cavendish and Dwarf Cavendish, and some unclassified as 
to sub-group.  

The greatest number of banana cultivars was found in 
Pasuruan (38); Malang and Lumajang were equal (33), as 
were Jember, Banyuwangi and Probolinggo (28). Most 
sub-groups were represented in all six districts; the districts 
Pasuruan, Lumajang, Jember and Banyuwangi each had at 
least one cultivar of a sub-group not represented in the 
other districts. This distribution might reflect particular 
local suitability of agro-climatic conditions, as well as 
consumer preferences. Nine popular cultivars were found 
in all six districts: Agung (Figure 3.A), Ambon, Candi, 
Emas, Gajih, Gajih Merah, Gajih Putih, Nangka and Raja. 
These common bananas are consumer favourites, always 
available in the local market. 

Clustering analysis shows that similarities among the 
cultivar assemblages of the six districts range from 30% to 
53%. Malang and Pasuruan are the most similar, and 
Lumajang the most different from the other regions (Figure 
4.A). The PCo analysis gives a clearer graphic 
representation of grouping patterns among the six 
assemblages (Figure 4.B). The eigenvalues of the first three 
ordinations ranged from 0.17 to 0.33, accounting for 
17.74%, 22.54% and 34.27% of the total variance 
(cumulative 74.55%). The collections from Malang, 
Pasuruan and Probolinggo were clustered in Group I 
(similarity 45%), and those from Jember, Banyuwangi and 
Lumajang in Group II (similarity 30%). 

The 79 cultivars were categorized by use of their fruit, 
45 as dessert, 22 cooking and 12 dual purpose bananas. 
Local farmers grow their bananas in homegardens (back 
and front yards), dry lands, road sides and river banks, for both 
home consumption and commercial trade. Some commercial 
banana estates are found in Lumajang District, where there 
are also many banana traders and small-medium enterprises 
which process banana products. That is why Lumajang 
District is called “Kota Pisang” or “Banana City”.  

In addition to seedless banana cultivars, wild-type 
seeded bananas are also cultivated by farmers in East Java, 
Indonesia, mostly for their beautiful inflorescences and /or 
decorative leaves (Figure 5). Four species are cultivated as 
garden ornamentals in scattered areas of the six districts 
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(Table 3). A fifth, Musa balbisiana Colla (Pisang Klutuk) 
is a common wild-type banana in East Java, also widely 
cultivated elsewhere, for many purposes including leaves 
for wrapping, immature fruit and male bud for 
consumption as side dishes. 

Local banana cultivar names and synonyms in six 
districts of East Java, Indonesia 

Banana cultivars in East Java, Indonesia show high 
diversity of morphological characteristics. The most useful 
standard descriptors are plant stature (pseudostem height 
and aspect), leaf characters, bunch and fruit characters, 
male bud and flower characters. The cultivar names given 
by East Javanese communities mostly reflect distinct 
morphological or other perceptual characteristics such as 
taste or smell, as well as utilization. Some of the names, 
however, do not refer to anything obvious (Table 2, Table 
3, Figure 3). A previous inventory of bananas from Madura 
Island (also part of East Java Province) also showed the 
same pattern of banana cultivar naming (Hapsari et al. 
2015a).  

Banana cultivars named after distinct morphological 
characteristics or appearance include 13 cultivars: Agung 
(Figure 3.A), Tanduk/Sungu, Berlin Kuning (Figure 3.H), 
Cebol, Dom, Emas, Gajih Putih, Gajih Merah, Ijo, Kayu, 
Saba Awu, Saba Putih and Sewu (Figure 3.J), and the wild-
type Pisang Klutuk. Those named for taste or smell include 
Raja Madu, Raja Pakak/Sepet and Wangi. Four cultivars 
and one wild-type are named for special uses: Emas Kripik, 
Keripik, Raja Sajen, Tepung and Hias (Table 2, Table 3). 

There may be synonyms among the cultivars from the 
six districts. The same cultivars are often known by 
different names in different regions. Occasionally, the same 
name is applied to quite different cultivars. One such 
example in this study is Pisang Usuk. In Banyuwangi, 
Usuk refers to a cooking banana from Bluggoe sub-group 
(Figure3.F) whilst in Pasuruan it is a dessert banana from 
Pisang Jari Buaya sub-group (Figure3.G). Pisang Usuk 
from Pasuruan is similar to another Indonesian AA cultivar 
known as Pisang Sapon (Daniells 2016, pers. comm.). 

Some minor variations among cultivars may be 
produced by somatic mutations, retained and spread 

through clonal propagation over a time-span of centuries 
(De Langhe et al. 2009). Such derived cultivars include 
Agung Talun, Agung Walun, Agung Jawi, Berlin Kuning, 
Gajih Merah, Gajih Putih, Saba Awu, Saba Putih, Susu 
Lorek, and many variants of Pisang Raja (Table 2, Figure 3). 

Various uses of banana plant parts 
Bananas are one of the most important commercial 

crops in the world. They are common, widespread and play 
an especially significant role in the daily life of rural 
communities. As well as the fruit, all parts of the plant are 
useful, for food, fodder, domestic materials, fibers, shelter, 
ornament, and medicines. They also have a role in ritual 
and ceremonial events. The literature on myriad uses of 
Musaceae plant parts throughout Indo-Malesia was 
reviewed by Kennedy (2009b). She emphasised that this 
diversity of uses is often obscured by the significance of 
bananas as an internationally important fruit. But multiple 
uses over long periods have undoubtedly affected how 
people have modified and selected the characteristics of 
banana plants.  

The earliest commentary on Indonesian ethnobotany 
was written in the late seventeenth century by Georg 
Eberhard Rumpf, better known as Rumphius (Rumphius, 
1741). Published in the mid-eighteenth century as The 
Ambonese Herbal, this work includes the first published 
description of banana landrace diversity, commenting that 
banana varieties are nowhere more beautiful and luxurious 
than in Java. There is a whole section on the “Place, 
Growth, Use, and Virtues of the Musa” (Rumphius, 1741: 
13-17). Noting the widespread importance of cooked 
banana as a weaning food, Rumphius jokes that 
Indonesians might well claim to be descended from 
bananas, making a word play of a quote from the Latin poet 
Ovid by turning reference to the classical Muses to Musa 
(Rumphius, 1741: 14). Recent information on the 
ethnobotany of bananas in Indonesia is included in 
Nasution (1991), Edison et al. (1996), Djoht (2002), Edison 
et al. (2002), Hermanto et al. (2012), Ayuningtyas (2013), 
Hermanto et al. (2013), Kasrina and Zulaikha (2013), 
Indraswari (2014), Firdausi et al. (2015) and Hapsari et al. 
(2015a). 

 
 

 
Table 3. Wild banana species cultivated by farmers in East Java, Indonesia: Malang, Pasuruan, Probolinggo, Jember, Lumajang and 
Banyuwangi 
 

Species name Vernacular 
name (Pisang) 

 English 
meaning Morphological feature Uses Location 

Musa acuminata var. 
nakaii Nasution 

Cici, Becici - Slender pseudostem, 
fruit seeded 

Garden ornamental Lumajang 

Musa velutina H.Wendl. 
& Drude 

Hias Ornamental Attractive red velvety 
erect inflorescence 

Garden ornamental Malang 

Musa ornata Roxb. Hias Ornamental Attractive purple erect 
inflorescence 

Garden ornamental Malang 

Musa balbisiana Colla Klutuk Seeded Robust pseudostem, 
fruit seeded 

Leaves for wrapping, 
immature fruit and male 
bud for consumption 

Malang, Pasuruan, 
Probolinggo, 
Lumajang, Jember, 
Banyuwangi 

Ensete glaucum (Roxb.) 
Cheesman 

Pidak Stamping Striking large plant, 
beautiful inflorescence 

Garden ornamental Pasuruan 
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Table 2.Checklist of bananas cultivated by farmers in six districts of East Java, Indonesia 
 

Group Sub-group Cultivar name 
(Pisang ) Synonym English meaning of 

cultivar name 
Use of 
fruit 

Surveyed district Notes MLG PAS PRB LMJ JBR BWI
AA Inarnibal Berlian - Diamond Dessert ‐  ‐  ‐  ‐ ‐ Variant of P. Berlin, sour fruit taste
AA Inarnibal Berlin  Marlin - Dessert   ‐    -
AA Inarnibal Berlin Kuning - Yellow Berlin Dessert ‐   ‐ ‐   Variant of P. Berlin, yellowish 
AA Inarnibal Orlin - - Dessert ‐  ‐   ‐ ‐ ‐ -
AA P. Jari Buaya Dom Jarum Needle Dessert ‐  ‐  ‐  ‐ ‐ Small finger, needle-like
AA P. Jari Buaya Srinyonya - - Dessert ‐  ‐  ‐    -
AA P. Jari Buaya Usuk  - - Dessert ‐   ‐ ‐ ‐ ‐ Not the same as #67, in BWI
AA P. Lilin Lilin - Candle Dual ‐  ‐  ‐ ‐ ‐  -
AA Sucrier Emas Mas Gold Dessert       Gold skin and flesh
AA Sucrier Emas Kripik Mas Alit Kripik=chips, alit=small Dual ‐  ‐  ‐  ‐ ‐ Variant of P. Emas, smaller fingers; processed 

as chips
AA Sucrier Emas Walun Mas Ageng Walun, ageng=large Dessert ‐  ‐  ‐  ‐ ‐ Variant of P. Emas, bigger fingers
AA * Lempeneng Gaba-gaba - Dual ‐  ‐  ‐ ‐ ‐  -
AA * Rayap - Termite Dessert  ‐  ‐ ‐  ‐ -
AAA Cavendish Ambon Hong - - Dessert   ‐ ‐ ‐  Variant of P. Ambon
AAA Cavendish Ambon 

Kenongo 
Raja Kenanga, Rojo 
Kenongo

- Dessert    ‐ ‐ ‐ Variant of P. Ambon

AAA Cavendish Cavendish Vendis, Pendis - Dessert ‐  ‐  ‐  ‐ ‐ -
AAA Cavendish Kongkong Ambon Kongkong - Dessert ‐  ‐  ‐  ‐ ‐ Variant of P. Ambon
AAA Cavendish Cebol Raja Pendek Pendek=dwarf Dessert ‐     ‐  Short pseudostem
AAA Gros Michel Ambon - - Dessert       -
AAA Gros Michel Ijo - Green Dessert     ‐  Peel of ripe fruit is green 
AAA Lakatan Barangan - - Dessert ‐  ‐  ‐ ‐  ‐ -
AAA P. Nangka Nangka Raja Nangka Jackfruit Cooking       -
AAA Red/green Bug Embug, Buah, Raja 

Molo, Lombu
- Dessert    ‐  ‐ -

AAA Red/green Emasan - Golden Dessert ‐    ‐ ‐ ‐ Not the same as Emas/Sucrier
AAA Red/green Kidang Musang, Museng, 

Moseng
Kidang=deer; 
musang=weasel

Dessert      ‐ -

AAA Red/green Salik - - Dessert  ‐  ‐ ‐ ‐ ‐ -
AAA * Kayu - Wood Dual ‐       Fruit dark brown like wood
AAA * Santen Raja Santen Santen=coconut milk Dual    ‐   -
AAA * Selendang - Scarf Dessert  ‐  ‐ ‐  ‐ -
AAB Mysore Porem - - Dessert ‐   ‐ ‐ ‐ ‐ -
AAB P. Raja Pulut Raja Pulut Pulut=sticky sap Dessert   ‐ ‐ ‐ ‐ -
AAB P. Raja Raja Raja Legi, Raja Temen Raja=king, temen=true Dual       True P. Raja
AAB P. Raja Raja Bulu Raja Madu Bulu=feather, madu=honey Dessert ‐  ‐  ‐ ‐  ‐ Variant of P. Raja, sweeter taste like honey 
AAB P. Raja Raja Kriak - - Dessert   ‐ ‐ ‐ ‐ Variant of P. Raja
AAB P. Raja Raja Kul Raja Talun - Dessert    ‐ ‐ ‐ Variant of P. Raja
AAB P. Raja Raja Lumut - Lumut=moss Dessert ‐     ‐ ‐ Variant of P. Raja, moss-green peel when ripe 
AAB P. Raja Raja Pakak Raja Sepet Pakak, sepet=astringent Cooking ‐   ‐ ‐ ‐ ‐ Variant of P. Raja, astringent taste
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AAB P. Raja Raja Sajen Rojo Talun Sajen=offerings Dessert  ‐  ‐ ‐ ‐ ‐ Variant of P. Raja, used for offerings
AAB P. Raja Raja Sisir - Sisir=comb Dessert ‐  ‐  ‐ ‐  ‐ Variant of P. Raja
AAB P. Raja Raja Sri - - Dual ‐  ‐  ‐ ‐ ‐  -
AAB P. Raja Raja Wlingi - - Dessert ‐   ‐ ‐ ‐ ‐ Variant of P. Raja
AAB Plantain Agung - Large Cooking       very large fingers
AAB Plantain Agung Jawi Agung Jawa - Cooking ‐  ‐  ‐  ‐ ‐ Variant of P. Agung
AAB Plantain Agung Talun - Talun=real Cooking ‐  ‐  ‐  ‐ ‐ Variant of P. Agung
AAB Plantain Agung Walun - - Cooking ‐  ‐  ‐  ‐ ‐ Variant of P. Agung
AAB Plantain Byar Tanduk, Sungu Tanduk/sungu=horn Cooking    ‐  ‐ Horn plantain
AAB Plantain Candi - Temple Cooking       French plantain
AAB Silk Grito Songgro, Songgroito - Dessert ‐    ‐ ‐ ‐ -
AAB Silk Salah Roso Sembur, Raja Sere - Dessert   ‐ ‐ ‐ ‐ -
AAB Silk Susu Endhog, Telor, Tepong Susu=milk; endhog, 

telor=egg
Dessert    ‐   -

AAB Silk Susu Lorek - - Dessert ‐   ‐ ‐ ‐ ‐ Variant of P. Susu
AAB * Brentel - - Dessert ‐  ‐  ‐  ‐ ‐
AAB * Sewu Seribu, Raja Seribu Thousands Dessert ‐   ‐ ‐  ‐ Many fruits on the bunch
AA/AAA/AAB ? Celakat - - Dessert ‐  ‐  ‐ ‐ ‐  -
AA/AAA/AAB ? Dulang - Tray Dual  ‐  ‐ ‐ ‐ ‐ -
AA/AAA/AAB ? Kapri - Snow peas Dessert ‐  ‐  ‐ ‐  ‐ -
AA/AAA/AAB ? Kopyok - Mixing Dessert ‐  ‐  ‐  ‐ ‐ -
AA/AAA/AAB ? Manurung - - Dual  ‐  ‐ ‐ ‐ ‐ -
AA/AAA/AAB ? Samarinda - - Dessert ‐  ‐  ‐  ‐ ‐ -
AA/AAA/AAB ? Siwalan - - Dessert ‐  ‐  ‐  ‐ ‐ -
AA/AAA/AAB ? Wangi - Fragrant Dessert ‐  ‐   ‐ ‐ ‐ Sweet fragrant fruit
AA/AAA/AAB ? Welut - Eel Dual ‐  ‐  ‐ ‐ ‐  -
AA/AAA/AAB ? Wringinan - - Dessert ‐  ‐  ‐  ‐ ‐ -
ABB Bluggoe Saba - - Cooking   ‐    -
ABB Bluggoe Saba Awu - Awu=grey Cooking   ‐ ‐ ‐ ‐ Grey waxy fruit peel, ?Silver Bluggoe
ABB Bluggoe Saba Putih - Putih=white Cooking ‐   ‐ ‐  ‐ White waxy fruit peel, ?Blue Java
ABB Bluggoe Usuk  - - Cooking ‐  ‐  ‐ ‐ ‐  Not the same as #7, in PAS
ABB P. Awak Awak - - Dual ‐  ‐  ‐ ‐ ‐  -
ABB P. Awak Bawak - - Dual  ‐  ‐ ‐ ‐ ‐ -
ABB Saba Gajih Kepok, Bung, Ebung Gajih=fat Cooking       -
ABB Saba Gajih Bali Kepok Bali, Estrali, 

Ustrali
- Cooking ‐  ‐  ‐  ‐ ‐ Variant of P. Kepok

ABB Saba Gajih Merah Kepok Merah Merah=red Cooking       Variant of P. Kepok, pinkish flesh
ABB Saba Gajih Putih Kepok Putih Putih=white Cooking       Variant of P. Kepok, white flesh
ABB Saba Keripik - Chips Cooking ‐  ‐   ‐  ‐ Fruit used for chips
ABB Saba Satroli - - Cooking ‐  ‐   ‐ ‐ ‐ -
ABB Saba Sepet - Astringent Cooking  ‐  ‐ ‐ ‐ ‐ Astringent fruit
ABB Saba Sri - - Cooking ‐  ‐  ‐ ‐ ‐ ‐ -
ABB Saba Tajinan - - Cooking ‐  ‐  ‐ ‐ ‐  Male bud is absent
ABB Saba Tepung - Flour Cooking ‐  ‐   ‐ ‐ ‐ Fruit processed into flour for baby food

Total 33 38 28 33 28 28
Note: MLG=Malang; PAS=Pasuruan; PRB=Probolinggo; LMJ=Lumajang; JBR=Jember; BWI=Banyuwangi; P.=Pisang; ?=doubtful classification; *=not sub-grouped 
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There is a large literature which describes therapeutic 
uses of banana plant parts in Ayurvedic and other ancient 
traditions, and which assesses the efficacy of these uses 
using modern analytical techniques. A recent review of 
literature includes Portuguese, Indian and Thai studies on 
the evidence for therapeutic biological activity of Musa 
spp, and suggests that various banana plant parts have 
antimicrobial, wound-healing, antioxidant and anti-
helminthic activity (Dos Santos et al. 2012). Some further 
examples are cited below. 

 

Roots and corm 
At the base of the banana plant, the rhizome is a thickened 

part of the true stem. Its underground growth is horizontal, 
and it produces roots from multiple basal nodes, and lateral 
suckers. This part of the plant, often called the corm, is 
used by farmers as fodder for cattle. Water that comes from 
it when the plant is cut is used by East Javanese informants 
as a hair tonic and for medicinal uses such as treatment for 
stomach ache, dysentery and urinary tract infection.  

 
 
 
 

 
 
Figure 3. Some local banana cultivars in six districts of East Java, Indonesia: A. Pisang Agung; B. Pisang Tajinan; C. Pisang 
Lempeneng; D. Pisang Srinyonya; E. Pisang Kidang; F. Pisang Usuk (Cooking banana); G. Pisang Usuk (Dessert); H. Pisang Berlin; I. 
Pisang Berlin Kuning; and J. Pisang Sewu 
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Figure 4. The distribution of banana cultivars present in six districts of East Java, Indonesia: A. Clustering analysis, B. Principal 
coordinates analysis 
 
 

 
In Indian and Chinese traditional medicine, the extract 

of roots and corms of certain bananas combined with other 
ingredients has value in treating inflammation, pain, snake-
bite, ulcers, diabetes, piles, food poisoning, diarrhoea, 
dysentery, kidney stones, menstrual disorder, venereal 
diseases, lowering blood sugar and lipid levels, to induce 
abortion, cure pyorrhea and tighten gums around loose 
teeth (Pushpangadan et al. 1989; Kumar et al. 2012; 
Venkatesh et al. 2013; Dixit et al. 2014). Banana roots 
possess strongly astringent and anti-parasitic properties, 
and are used to treat pulmonary disease (Prasobh and 
Revikumar 2011).  

Pseudostem 
Pseudostems of banana plants are commonly utilized as 

bases to hold traditional Javanese leather puppets behind 
the screen during shadow-play performances (wayang 
kulit) and in making flower decorations. They may also 
form the base of temporary cooking stoves with firewood 
for festive occasions. A single banana pseudostem or 
several fastened together can be used as a raft to cross 
small rivers. Fresh sheaths pulled from a pseudostem are 
used to shade newly planted seedlings. Decomposed 
pseudostem can be used as fertilizer. In Lumajang District, 
the inner skin of pseudostem sheath is used for wrapping 
tempeh (fermented soybeans) instead of the more common 
leaf wrapping (Figures 4.B and 4.C). 

Experimental studies have suggested that pseuodostem 
sap possesses haemostatic and antioxidant properties, has 
both hyper-and hypoglycemic effects, is diuretic, an 
antidote for snake bite and cures kidney stones (Singh et al. 
2007; Pothavorn et al. 2010; Prasobh and Revikumar 2011; 
Weremfo et al. 2011; Onyenekwe et al. 2013; 
Ponnambalam and Sellappan 2014). The pseudostem sap 
can also be used in dyeing cloth, for colour and as a 
mordant (fixative). The use of banana sap is an attractive 
alternative to synthetic dyes, mordants and other additives, 

which are imported and therefore relatively expensive 
(Pothavorn et al. 2010; Dzomeku and Boateng 2013; 
Barhanpurkar et al. 2015). Analysis of banana sap from 
wild banana species and cultivars, using high-performance 
liquid chromatography−electrospray ionization−mass 
spectrometry (HPLC-ESI-MS) indicated the presence of 
phenolic and aromatic amino compounds, which varied 
among the samples tested, and which might account for 
medicinal and other useful properties (Pothavorn et al. 
2010). 

Leaves 
Leaves of bananas are a commercial commodity, 

always available in local markets of the six surveyed areas 
(Figure 5.A). They are commonly used as domestic 
wrapping material. Leaves of M. balbisiana (Pisang 
Klutuk) and hybrids with two B genomes (Gajih/Kepok, 
Saba, etc.) are preferred, because they are thick, wide, not 
easily torn, are a dark green color, and give good flavor to 
food. Javanese side dishes use banana leaf wrappers in 
many unique forms and techniques. Examples are 
botok/fish cake (Figure 5.D), pepes/fish cake (Figure 5.E), 
lontong/rice cake (Figure 4.F), lemper (glutinous rice 
cake), arem-arem, bugis, lopis, lemet (cassava cake). Ashes 
of burned leaves are used to color traditional glutinous rice 
cake (ongol-ongol) black. Moreover, banana leaves are 
commonly used as plates for traditional meals. 

Banana leaf sheathes and laminae can be used as 
umbrellas in light rain or for shade, and as fodder for 
livestock. The petiole and pseudostem sheath can be made 
into many creative children's toys. Fibers of petiole and 
pseudostem sheath are used as rope or string, for example 
to tie up live crabs or firewood. 

Sap from the leaves is used medicinally as a remedy for 
red eyes, and young leaves for skin swelling. According to 
Puspangadan et al. (1989), banana leaves are used by the 
tribes of India for bandaging cuts, blisters, ulcers and 

Group II   

Group I
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burns, and leaf ashes dissolved in water are given to 
patients to relieve acidity, indigestion and flatulence. 
Nasution (2001) noted that in North Sulawesi, people used 
the tip of a leaf shoot to smooth the sole of the foot. 

Fruit 
Fruit is the main commercial commodity yielded by 

banana plants. Mostly banana farmers sell their fruits in the 
local market, as well as consuming them at home. Bananas 
fruit all year round, and are available during the dry season. 
They may become an alternative staple food when other 
food is in short supply. The socio-economic importance of 
banana has increased recently among the rural community. 
This is due not only to the economic value of the fruit, but 
also because its nutritional value and the diverse uses of the 
processed fruit are now well recognized (Hapsari 2011).  

Bananas are high in carbohydrates, vitamin C and 
potassium; they have medium protein and low fat levels, 
with variation between cultivars.100 grams of ripe banana 
pulp provides 73.43 to 148.8 calories. Due to their high 
nutrient value, bananas are nutritious food recommended 
for people ofall ages, but especially for babies, and also as 
diet food for adults. However, consumption must be limited 
for diabetics and patients with kidney problems, due to 
high sugar and potassium content (Hapsari and Lestari 
2016). 

East Javanese people use some banana cultivars 
medicinally: for example, Pisang Emasan to cure yellow 
and typhoid fever; Pisang Klutuk to cure diarrhea. Banana 
fruit are widely considered to have an aphrodisiac effect. A 
review of phytochemical and pharmacological research 
cites evidence that banana pulp contains tryptophan and 
serotonin, among other compounds (Imam and Akter 
2011). Such compounds might account for the sense that 
bananas promote relaxion, improve the mood and cause 
happy feelings. 

The fruit of bananas can be eaten raw as dessert or 
cooked. Eaten fresh, the ripe flesh of dessert bananas 
contains carbohydrates in form of sugars that taste sweet. 
In cooking bananas, the ripe flesh contains starch which 
must be cooked to become palatable (Gibert et al. 2009). 
However, banana cultivars can also be dual purpose, the 
fruits consumed either fresh or cooked. Forty-six of the 
cultivars of the six surveyed areas of East Java are 
classified as dessert bananas, 25 are cooking bananas and 
13 are dual purpose (Table 2). Pisang Ambon, Emas and 
Berlin are popular and preferred dessert bananas. Pisang 
Gajih/Kepok and Candi are the most preferred cooking 
bananas.  

Techniques for cooking bananas are simple, such as 
boiling, steaming, roasting, frying and sun-drying. More 
advanced processing techniques are now available, such as 
vacuum frying to make better quality chips. There are 
many local snacks made from bananas, which are 
becoming commercial products of home industry, for 
example sale (dried banana), chips, getuk, ledre, nagasari, 
banana cake. Unripe bananas can be processed into flour 
for baby food and to make snacks. In Probolinggo District , 
Pisang Tepung (tepung=flour) is specifically used to make 
flour. Unripe fruit of wild seeded Pisang Klutuk is 

sometimes added to popular side dishes in East Java, for 
example Rujak Cingur.  

In addition to pulp, banana peels are also used. Peel of 
immature and mature fruit is used as fodder for livestock. 
The inside of the mature fruit peel can be used as foot skin 
moisturizer. Study of peel extracts of nine Indian banana 
varieties showed significant antioxidant and other 
phytochemical activity (Baskar et al. 2011). 

Inflorescences 
The attractively-coloured inflorescences of wild banana 

plants make them valued ornamentals in front and back 
yards of home gardens and along roadsides (Table 3, 
Figure 6). Pisang Cici (M. acuminata var. nakaii) has 
purplish brown pigmentation and brown hairs on rachis and 
fruit (Figure 6.A.; Nasution, 1991). Pisang Hias (M. 
velutina and M. ornata) belong to section Rhodoclamys, 
which is characterized by upright inflorescences with few 
flowers to a bract and brightly coloured bracts. M. velutina 
has pink bracts and pink velvety fruits (Figure 6.B) while 
M. ornata has sweet pink or lilac bracts and small green 
upright fruits (Figure 6.C; Häkkinen and Väre 2008; Joe 
and Sabu 2016). Pisang Pidak (Ensete glaucum) is 
ornamental because of its statuesque pseudostem, conical, 
bluish and powdery, up to 4 m tall with mostly persistent 
green bracts (Figure 6.D; Majumdar et al. 2013; Joe and 
Sabu 2016). 

The male bud or jantung of the banana inflorescence is 
commonly eaten in rural communities as a side dish. First 
boiled to reduce its astringent taste, it is then cooked as a 
vegetable served with peanut sauce as pecel, or with 
seasoned grated coconut as urap, or with coconut milk as 
gulai sayur. Chemical analysis of M. acuminata 
inflorescences (male bud and bracts) by Fingolo et al. 
(2012) revealed their considerable nutritional value, with 
high potassium and fiber and low calories. However, the 
male bud of M. balbisiana, rather than M. acuminata, is 
preferred by East Javanese because of its less astringent 
taste. 

Bananas and traditional rites in East Javanese culture 
Banana plants have significant roles in traditional 

Javanese rituals and customs. The plant has deep symbolic 
meaning, its characteristics associated metaphorically with 
the process of life and thereby providing lessons on ethics 
(Solikin 2010). It is a cosmopolitan plant which can grow 
in variable conditions: therefore, we should be easy-going 
and adapt well to any environment. All parts of the banana 
plant are useful: so we should always be useful and helpful 
to others, aware of our flaws and mindful of our existence 
in this life. The banana is a monocarpic plant, flowering 
only once in its lifetime, setting seeds (if capable) and then 
dying. Thus, we should never give up on our final goal. A 
fruiting banana plant is a symbol of high fertility, good 
harvest and hopes of prosperity. 

Because of its deep philosophical association with life, 
the banana plant is one among the obligatory components 
of offerings and decorations in the ritual ceremonial 
activities marking every life stage, from pregnancy, birth, 
circumcision, marriage until the funeral. Banana plants are 
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present in thanksgiving ceremonies, such as those for the 
harvest season, village clearance (Figure 7), house 
warming, or even a career promotion; in worship or 
religious events, such as the Tenggerese Kasada festival 
(Pramita et al. 2013), and the Javanese thanksgiving or 
slametan, the most significant rite which marks every 
important moment in Javanese society (Koentjaraningrat, 
1984). The banana parts most used are fruit (a hand or two 
hands) or a whole fruited plant (Table 4). Banana leaves 
are also used as plates for food offerings, sometimes folded 
into containers called takir.  

Pisang Raja is most valued for ritual activities, 
especially Raja Pulut. In Malang District, Pisang Raja 
Sajen is specifically used for offerings or sajen. When 
Pisang Raja cannot readily be found in the market, it can be 
replaced with any other cultivar of banana (with certain 
limits). Raja means king, symbolising hopes for the happy, 
successful prosperity of kings and to become a wise and 

righteous person. Likewise, pulut means sticky sap, 
symbolises the wish to be free from harms (Endraswara 
2006; Solikin 2010). 

 
Conservation of banana cultivar germplasm 

This study has shown that there are many cultivated 
varieties of bananas in East Java, Indonesia, some of which 
are indigenous and/or endemic in particular regions. 
Current commercialization and the introduction of high-
yielding varieties of bananas will lead to the disappearance 
of local, native and unpopular banana cultivars, which will 
be replaced by common commercial varieties grown in 
monocultures. Some farmers in Lumajang District have 
already experienced such monocultural farming. Farmers 
are tending to grow marketable cultivars. Monocultures are 
particularly vulnerable to fluctuating environmental and 
climatic conditions as well as to outbreaks of pests and 
diseases. 

 
 
 
Table 4. The uses of bananas in traditional ritual ceremonies of East Javanese culture, Indonesia  
 
Rituals Plant parts used How used 
Pregnancy A finger or a hand of fruit As offering 
Birth A finger or a hand of fruit As offering 
Circumcision A finger or a hand of fruit As offering 
Wedding Whole fruited plant, two hands of 

fruit 
Two bunches of banana positioned in the main gate of 
wedding ceremony as decoration, two hands of Pisang Raja 
as offering from the groom to the bride 

House-building Sucker  Sucker positioned in the pillar of the house as decoration 
Funeral Whole fruited plant Whole fruited banana plant laid out on the new burial ground 

of single/not married dead person 
Any thanksgiving Whole fruited plant, a finger or a 

hand of fruit 
As offering and decoration 

Kasada (Tenggerese religious 
ceremony) 

A bunch and /or a hand of fruit As offering and decoration 

 
 
 

 
 
Figure 5. A. Banana leaves for salein the market at Malang; Various uses of banana plants for food packaging: B. Pseudostem sheath 
for tempeh packaging in Lumajang; C. Banana leaf for tempeh packaging in Malang; Traditional foods wrapped with banana leaf: D. 
Botok, E. Pepes, and F. Lontong. 
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Figure 6. Wild-type banana plants grown as garden ornamentals found in six districts of East Java, Indonesia: A. M. acuminata var. 
nakaii; B. M. velutina; C. M. ornata; and D. E. glaucum 
 
 
 

 
 
Figure 7. Village thanksgiving ritual in Pasuruan District, East Java using two bunches of Pisang Raja for decoration 
 
 
 

In recent years, the productivity of small-holder banana 
farms has been declining, which has been attributed to soil 
nutrient depletion (Bekunda, 1999), pest and disease 
outbreaks such as Fusarium and bacterial wilts, bunchy top 
disease and sigatoka (Kusumoto et al. 2010; Prasetyo and 
Sudiono 2010; Hapsari and Masrum 2012). This decline 
produces both ecological and socio-economic imbalances. 
Therefore, immediate steps should be taken for the 
preservation and conservation of local banana cultivars.  

Bananas play important roles in the socio-economic and 
cultural life of East Javanese communities. Traditional 
knowledge is an important component in improving the 
management of natural resources and practices relating to 
the protection of ecosystems and species (Shackeroff and 
Campbell 2007). In situ/on-farm conservation is a suitable, 

self-sustainable strategy, capable of adapting to and 
mitigating climate change, by helping to maintain an 
integrated system of diversified food production and land 
use (Sthapit et al. 2009; Bellon and van Etten 2014). In the 
case of banana farming, using diverse species and varieties 
enhances their adaptability, resilience and capacity to 
withstand biotic and abiotic stresses such as changing 
environmental and climatic conditions, and pest and 
disease outbreaks.  

Bananas in combination with tree crops are potentially 
an important component of agroforestry, home garden and 
mixed farming systems, to rehabilitate and reforest 
landscape, to decrease carbon emissions to the atmosphere 
from biomass and C-stocks and to meet the economic 
needs of local communities. Previous study showed that 
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banana plants store more carbon (0.98 tonnes/ha) than 
cassava (0.5 tonnes/ha) and Imperata grassland (0.7 
tonnes/ha) (Danarto and Hapsari 2015). Empowerment of 
farming communities is essential for effective in situ/on-
farm conservation, as the process relies upon local level 
decision-making about management of genetic resources 
(Sthapit et al. 2009). 

To complement in situ/on-farm conservation, ex-situ 
conservation is also needed. Whereas on-farm conservation 
maintains the evolutionary processes linking crops and 
their management regimes, that generate new potentially 
useful genetic variation, ex situ conservation maintains the 
results of these processes (the specific genes and genotypes 
sampled at a particular point in time (Bellon and van Etten 
2014). From this study (2012-2015) we obtained 68 living 
banana cultivars for ex-situ conservation in Purwodadi 
Botanic Garden, Pasuruan, East Java, Indonesia. 
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Abstract. Praptosuwiryo TNg. 2017. Spore germination and early gametophyte development of Platycerium wandae (Polypodiaceae) 
from Papua, Indonesia. Biodiversitas 18: 175-182. Studies on gametophyte development in ferns are very important, as the data 
generated is often useful for supporting taxa delimitation in ferns and fern-allies. This data is also very important for understanding the 
ecology, reproductive biology, evolution and distribution of ferns. The study reported here aimed to develop a deeper understand of 
morphogenesis in the fern Platycerium wandae Racib. by investigating the process of spore germination and early gametophyte 
development of the species on natural media. Fresh spores of P. wandae were germinated in a mixed media consisting of minced roots 
of Cyathea contaminans and charcoaled rice hulls (1: 1) under green house condition. Spores of P. wandae are monolete, ellipsoid, non-
chlorophyllous, dark brown, and lacking perine. Spores germinated between 7 to 14 days after sowing (DAS). Spore germination of P. 
wandae is of the Vittaria-type and the prothallial development is of the Aspidium-type, characterized by early development of 
unicelullar trichomes (30-40 DAS). Only unisexual gametophytes were observed at 60-80 DAS. New data is provided concerning the 
morphogenesis of P. wandae from Papua, Indonesia, on natural media. The findings are relevant to reproductive biology, would 
contribute to establish an efficient ex situ propagation strategies for the conservation of epiphyitic ferns and to facilitate further in situ 
studies of gametophyte ecology. 

Keywords: Gametophyte development, Platycerium wandae, spore germination, staghorn fern 

INTRODUCTION 

Gametophyte morphogenesis, including type of spore 
germination, early gametophyte development, and mature 
gametophyte trichomes and gametangia, has proven useful 
in characterizing fern taxa (Nayar and Kaur 1971; Prada et 
al. 1996; Huang et al. 2001; Pangua et al. 2003; Chen et al. 
2008; Muñiz-Díaz de León et al 2008; Praptosuwiryo 2010; 
Puspitasari et al. 2015). These characters provide evidence 
of variations in the pattern of development, which are 
important criteria in fern taxonomy (Pryer et al. 1995). For 
example, Lophosoria quadripinnata (Gmel.) C. Chr. var. 
quadripinnata and L. quadripinnata var. contracta 
(Hieron.) R. & A Tryon. differ in prothallus shape and the 
number of antheridial cells (Mendoza et al. 1997). 
Gametophytes of Asplenium obovatum ssp. obovatum var. 
protobillotii and var. deltoideum, ssp. numidicum, and of A. 
macedonicum show significant differences in hair density 
(Herrero et al. 2002). Asplenium scolopendrium var. 
americanum L. and A. scolopendrium var. scolopendrium 
differed significantly in gametophyte ontogeny, 
morphology, and propensity for sexual and asexual 
reproduction. Asplenium scolopendrium var. americanum 
produced copious gametophytic outgrowths that were 
capable of developing into functional, independent thalii 
while A. scolopendrium var. scolopendrium does not (Testo 
and Watkins 2011). Comparative morphology of the fern 
gametophyte can also be an important tool in understanding 
different phyletic groups (Stokey 1951; Pryer et al. 1995). 

Therefore, further studies to understand the development of 
fern gametophytes are recommended to clarify taxonomic 
uncertainties. 

Studies on gametophyte morphogenesis are also useful 
for in situ studies on the ecology of fern gametophytes (see 
Watkins et al 2007). These formed the basis for field 
identification of gametophytes, especially to the level of 
genus, and laid the groundwork for future gametophyte-
based ecological studies (Farrar et al. 2008). Therefore 
integrative studies combining gametophyte development, 
morphology, and breeding system to understand the 
ecology and distribution of species would be promoted 
(Farrar 1967; Dassler and Farrar 1997, 2001; Chiou et al 
1998; Chiou and Farrar 2002). 

The staghorn fern genus, Platycerium Desv., is one of 
the most commonly grown ornamental ferns (Hoshizaki 
and Moran 2001; Darnaedi and Praptosuwiryo 2003). It is a 
very distinct genus of the family Polypodiaceae and differs 
from other ferns in the presence of stellate hairs (shared 
with Pyrrosia Mirbel) on the leaf lamina, the frond 
dimorphism, the differentiation of the leaves into litter 
collectors (mantle leaves or base fronds) and 
‘dichotomously forked trophosporophylls with coenosoroid 
to acrosoroid patches of sporangia’ (Hennipman and Roos 
1998; Hoshizaki and Moran 2001). Platycerium is one of 
the few pantropical epiphytic fern genera, with 18 species. 
Six species are found in Afro-Madagascar, 8-11 in 
subtropical to tropical Asia, Malesia, and Australia, and a 
single species in tropical South America (Kreier and 
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Schneider 2006). These plants grow predominantly as 
epiphytes or sometimes on rocks in subtropical to tropical 
lowland forests (Kreier and Schneider 2006; Hennipman 
and Roos 1998). They are among the most frequent 
vascular plant epiphytes in those forests and generally grow 
in relatively open conditions (Benzing 1990; Kreier and 
Schneider 2006; Hennipman and Roos 1998). These plants 
frequently have been used in cytological, morphological, 
developmental, physiological, and phylogenetic studies 
(see Hoshizaki 1970, 1972; Nagmani and Raghavan 1983; 
Kwa et al. 1995, Camloh et al. 1996, 1999; Teng and Teng 
1997; Ambrožič-Dolinšek et al. 2002; Kreier and Schneider 
2006; Espinosa-Matias et al. 2007; Janssen et al. 2007; Rut 
et al. 2008; Aspiras 2010) because they have great 
economic value and a special place among ferns (Camloh 
and Ambrožič-Dolinšek 2011). Staghorn ferns are 
becoming threatened in the wild because they are often 
collected by plant collectors for their majestic size and 
form, and are traded locally (Madulid 1985). Moreover, 
these ferns have spores that are difficult to germinate under 
natural conditions, further endangering their survival 
(Amoroso 1990, 1992; Amoroso and Amoroso 1998, 
2003). Therefore, studies are required to find out 
differences in the developmental patterns of the 
gametophytes and sporophytes of this genus, and especially 
to inform the practice of ex situ conservation in this fern. 

Indonesia has four species of Platycerium, namely P. 
bifurcatum (Cav.) C. Chr., P. coronarium (Konig ex 
Muller) Desv., P. ridleyi H. Christ, and P. wandae Racib. 
(Hennipman and Roos 1998). Platycerium wandae Racib. 
is differentiated from others species of Platycerium by the 
following characters: (1) Leave foliage is asymmetric with 
unequal lobes; (2) Soral patches are situated in sinuses near 
the base of the leave; the ultimate lobes are sterile; (3) 
Lateral soral patches have very short, simple, lateral sterile 
lobes (Hennipman and Roos 1998) (Figure 1.). Platycerium 
wandae are heliophilous through to semi-shade-tolerant 
epiphytes, growing solitary, high, in dry lower montane 
rain forest and lowland swamp forest, also in lowland areas 
in rubber and coconut plantations, and on waysides trees at 
altitudes from sea level to 1000 m (Joncheere de 1968; 
Hennipman and Roos 1998). This species is distributed in 
the eastern end of Malesia, viz., Moluccas, Aru Islands and 
New Guinea (Joncheere de 1968; Hennipman and Roos 
1998). 

Studies on the gametophytes of Platycerium were 
initiated by Bauke (1878) and Stokey and Atkinson (1954). 
Recently, studies on the spore germination and 
gametophyte development of Platycerium were reported on 
P. andinum (Espinosa-Matias et al. 2007; Rios et al. 2015), 
P. bifurcatum (Camloh 1993, 1999; García et al. 2013), P. 
coronarium (Awan and Rao 1981; Aspiras 2010), P. 
grande (Amoroso and Amoroso 2003; Aspiras 2010), P. 
holttumii (Manitayakul et al. 2006), P. wandae (Espinosa-
Matias et al. 2007), and P. wallichii (Wang et al. 2011). 
Research relating to gametophyte morphology of 
Platycerium in Indonesia has not yet been reported in the 
literature. In addition, all of the works mentioned above 
were carried out by growing spores under in vitro condition 
on agar medium with nutrient solution. Natural media may 

be useful for studying normal spore germination and 
gametophyte development of the staghorn ferns. Mixed 
natural media composed of the minced roots of Cyathea 
contaminans together with charcoaled rice hulls has proven 
to be useful in studying spore germination and 
gametophyte development of Asplenium nidus 
(Praptosuwiryo 2010) and Cibotium barometz 
(Praptosuwiryo et al. 2015).  

The aim of this study was to describe spore germination 
and early gametophyte morphological development of 
Platycerium wandae Racib. by germinating the spore on 
natural media  ̶ a mixed media of minced roots of Cyathea 
contaminans together with charcoaled rice hulls (1:1). This 
simple technique enabled the life cycle of Platycerium to 
be observed under more natural conditions than in in vitro 
methods. The purpose of the study was to provide 
information about gametophyte morphogenesis of P. 
wandae of Indonesia. Studying spore germination and 
gametophyte development among species of Platycerium 
should provide evidence on variation in their 
morphological patterns, and for alternative strategies for 
the ex situ conservation of epiphytic ornamental ferns. 
Studies on spore germination and gametophyte 
development of epiphtytic fern by using natural media 
would also be useful for in situ ecological gametophyte 
research which is critical to ultimately understanding 
sporophyte distributions. 

MATERIALS AND METHODS 

Spore collection, media preparation and spore 
germination  

Fresh spores were collected directly from the personal 
living fern collection of Prof. Dr. Eko Baroto Walujo 
(Herbarium Bogoriense, Botany Division, Biology 
Research Center, Indonesian Institute of Sciences). This 
living specimen, collection number EBW s.n., was 
originally collected from Mount Meja, Manokwari, Papua 
(Irian Jaya), Indonesia.  

Natural media was prepared consisting of minced roots 
of Cyathea contaminans together with charcoaled rice hulls 
(1: 1), mixed with water. A layer of mixed media 4-5 cm 
high was poured into a plastic box (35 x 25 x 11 cm3). Hot 
water (about 100˚C) was poured over the media to sterilize 
it. The plastic box containing the mixed media was covered 
with transparent plastic and let stand for 24 hours for 
cooling down. Fresh spores shed from an unsterilized 
foliage frond were directly taped over the surface of media, 
and the plastic box was then covered with transparent 
plastic. The culture box was kept in a glass house at a 
temperature 25-32.5ºC with 68-85% relative humidity.  

Observations of spore germination and gametophyte 
development  

Observations were carried out every 5-6 days and 
terminated 80 days after sowing (DAS). Spore germination 
was defined as the emergence of a rhizoid through its spore 
coat (Camloh 1993). Early gametophytes were classified 
according to the gametophyte development stages described   
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Figure 1. Habit and gross morphology of Platycerium wandae. A. Platycerium wandae of Papua cultivated in Bogor Botanic Gardens; B. 
Fertile patch showing its adaxial surface; C-D. Fertile patch showing its abaxial surface; C. Young fertile patch; D. Mature fertile patch. Scale 
bar = 30 cm for A. 
 
 

 
by Rechenmacher et al. (2010): viz. gametophyte with 
chlorocyte and rhizoid (chlorocyte and rhizoid stage); 
filamentous gametophyte (filamentous stage); and laminar 
gametophyte (laminar stage). The laminar stage was 
divided into three sub-stages: viz. spatulate stage, lopsided 
stage, and young heart shape stage. In the young laminar 
stage, reproductive organs (antheridium and/or 
archegonium) have not yet formed, or if they have formed 
the organs are still immature. 

The assemblage of prothalli were separated and 
observed under Nikon binocular microscope (Nikon SMZ-
10A). In order to document spore germination and 
gametophyte development, photographs were taken using 
the Olympus microscope connected to a computer monitor 
camera (Olympus CX 31) fitted with objective lenses 4X-
40x.  

RESULTS AND DISCUSSION 

Spore germination  
For sporulating plants, germination is defined as the set 

of mechanisms occurring in the dormant spore that 
culminates in the growth of the embryo or cell to form a 
sporeling able to establish in the substrate (Gabriel y Galán 
et al. 2015). Germination can easily be detected by 
observing signs of a body emergence, such as a 
filament/prothallial cell or rhizoid or both simultaneously 
(Nester and Coolbaugh 1986; Bradbeer 1988; Pérez-García 
et al. 2010). Spores of Platycerium species usually 
germinate between 11-19 DAS under in vitro conditions 

(Table 1.). According to Manitayakul et al. (2006), spores 
of Platycerium holttumii Jonch. & Hennipm. require 14 
days from sowing to emergence of the rhizoid. Spores of P. 
grande (Fee) C. Presl. germinated 19 DAS under in vitro 
condition in the study of Amoroso and Amoroso (2003). 
Platycerium coronarium (Koenig.) Desv. and P. grande 
required 11.50 and 16.75 days, respectively, to reach this 
gametophyte developmental stage (Aspiras 2010).  

In this study, spores of P. wandae germinated between 
7-14 days after sowing (DAS). The spores were bean-
shaped, monolete, bilaterally symmetrical, ellipsoid, non-
chloropyllous, dark brown, lacking perine, with smooth to 
scabrid, that fit with previous descriptions (Hoshizaki 
1972; Tryon and Lugardon 1991; Pérez-García et al. 2010). 
In general, the first indication of germination was the 
changing of coloration from dark brown spores to greenish 
brown spores. The first cell produced on germination of the 
spores was rhizoid (Figure 2.A.) A rupture at the lower end 
of the spore caused by spore swelling led to the emergence 
of the rhizoid. It is generally considered that the criterion 
for spore germination is the emergence of the chlorocyte or 
the rhizoid (Chuter et al. 2008; Aspiras 2010). The rhizoid 
cell usually does not contain chloroplasts. It is produced on 
an upper surface of the basal cell or sometimes at one 
corner of the basal cell. In this study, the basal cell 
underwent a second division on the opposite direction to 
the rhizoid resulting in the emergence of chlorocyte (Figure 
2.B.). Nayar and Kaur (1971) gave a detailed account of 
the patterns of spore germination and classified them on the 
basis of the plane cell division (in relation to the polarity of 
the spores) and the direction of growth of the primary 
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rhizoid and the prothallus. The elongation of the germ 
papilla (chlorocyte) and its continuous division gave rise to 
a protonema consisting of a uniseriate germ filament with 
3-8 protonemal cells (Figure 2.C-F.). The protonemal cells 
usually arise from one of the three corners directed to the 
former side-walls. The chloroplast content increased in line 
with the growth and development of the prothallus. 

The germination pattern of P. wandae was of the 
Vittaria-type. In accordance with the description of Nayar 
and Kaur (1971), the spore germination resulted in a 
uniseriate, elongated, germ filament composed of barrel-
shaped chlorophyllous cells and bearing one or more 

rhizoids at the basal end. The Vittaria-type of germination 
pattern was also reported by Espinosa-Matias et al. (2007), 
Perez-García (2010) on P. andinum and P. wandae, and by 
Wang et al. (2011) on P. wallichii. In this study, 
germinative uniseriate filaments of P. wandae of Papua 
consisted of 3-8 protonemal cells. They were longer than 
those reported by Espinosa-Matias et al. (2007) from New 
Guinea (collection number: LD Gomez 26250) which had 
only uniseriate germ filaments with 1-5 cells long before 
bearing spatulate stages. The possible factors that influence 
this differences are the photoperiods of light and medium 
nutrients (Racusen 2002).  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. A. Spore germination and early gametophyte development of Platycerium wandae (EBW s.n., Papua). A-B. Germination at 
about one week. A. Spore swelling led to the emergence of the rhizoid; B. Chlorocyte-rhizoid phase. C-F. Filamentous phase, 3-8-celled 
filament, 7-14 DAS. G-I. Young phase of gametophyte (spatulate plate) (27 DAS). J-L. Young gametophyte with unicellular trichome 
(lopsided prothallus), one month (34 DAS). Rhizoid (r), unicellular trichome (ut), spore coat (sc), prothallial cell (pc). Scale bar = 30 µm 
for A-G.  
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Prothallial development 

Spatulate prothallial plate formation. The young 
prothallus plate is initiated in the terminal cell of the 
filament by perpendicular divisions (Fig. 2). A small 
spatula consisted of 14-16 cells (Fig 2.G-H.). The spatulate 
phase occurred at about 14-30 DAS. A broad spatulate 
prothallial plate is formed by division of the anterior cells, 
including the terminal cell.  

Nayar and Kaur (1971) showed that the prothallus of 
homosporous ferns follows a definite pattern of 
development leading ultimately to the characteristic adult 
form. This pattern is constant for each species and 
commonly to taxa of higher order under normal conditions 
of growth. Prothallial development of P. wandae is of the 
Aspidium-type, a pluricellular meristem being established 
directly from the anterior cells of broad spatulate young 
prothalli. The Aspidium-type prothallial development in 
Platycerium was also reported by Espinosa-Matias (2007) 
and Pérez-García et al. (2010), viz. in P. andinum Baker of 
Peru and P. wandae of New Guinea.  

 

Lopsided prothallus formation. The continuous 
division of the anterior and terminal cells of the prothallial 
plate and the repeated longitudinal and transverse divisions 
of the daughter cells led to the formation of a lopsided 
prothallus (Fig. 2.J-L.). This gametophyte development 
stage occured at about 30-40 DAS. 

Cordate prothallus formation. Further growth of the 
lopsided prothallus resulted in the formation of 
asymmetrical cordate prothallus. The young heart shape 
(cordate) prothallus of P. wandae of Papua was formed in 
two months (Figure 3). The length of time needed for 
reaching the heart-shaped stage of P. wandae in natural 
media was similar to the length of time needed by       P. 
coronarium under in vitro conditions on Knop’s agar 
medium (Awan and Rao 1981). The number of days for 
cordate prothallus formation among species of Platycerium 
may be significantly different. The gametophytes of     P. 
coronarium required 27.50 days for reaching the cordate 
stage (Aspiras 2010), while P. grande required 21-33.75 
days (Amoroso and Amoroso 2003; Aspiras 2010) in in 
vitro condition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 3. Unisexual young gametophyte and trichome morphology of Platycerium wandae of Papua. A. young cordiform-reniform 
gametophyte of Platycerium wandae (male), 61 DAS. B. Marginal part of gametophytes with unicellular trichome (ut); C. Basal part of 
gametophyte showing young antheridium (an) among rhizoids (rh). D. Meristematic zone on apical part of gametophyte with unicellular 
trichomes. Scale bar = 64 µm for A; 6 µm for B and D.  
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Table 1. Gametophyte development and morphological characters compared among species of Platycerium 
 

Characters P. wandae 
 (Present study) 

P. wandae 
 (Pérez-García et al. 

2010) 

P. andinum 
 (Pérez-García et 

al. 2010) 

P. coronarium 
 (Aspiras 2010) 

P. grande 
 (Aspiras 2010) 

P. holttumii 
Manitayakul et al. 

(2006) 

P. wallichii 
 (Wang et al. 2011) 

[Abstract] 

The medium 
employed 

Natural substrate 
(minced roots of 
Cyathea contaminans 
with charcoaled rice 
hulls (1: 1) 

10% agar in 
Thomson’s media 

10% agar in 
Thomson’s media 

Knudson C culture 
medium + 2% glucose 

Knudson C culture 
medium + 2% glucose 

Miller and Miller (MM)
(1961) 

Knop’s agar media 

The germination 
(DAS) 

7-14 6-15 6-8 6 12 14 Not mentioned 

Type of spore 
germination  

Vittaria-type Vittaria-type Vittaria-type Gleichenia-type Vittaria-type - Vittaria-type 

Prothallial 
development  

Aspidium-type Aspidium-type Aspidium-type Drynaria-type Drynaria-type - Drynaria-type 

Filamentous phase  3-8 cells  1-5 cells 1-5 cells 2-8 cells or more 2-8 cells or more - Not mentioned 

Shape of laminar 
phase 

Asymmetrical cordate-
shape 

Asymmetrical cordate-
shape 
Asymmetrical cordate-
spatulate 
Asymmetrical cordate-
kidney shape 

Asymmetrical 
cordate-shape 
Asymmetrical 
cordate-spatulate 
Asymmetrical 
cordate-kidney 
shape 

Symmetrical cordate-
shape 

Symmetrical cordate-
shape 

Symmetrical cordate-
shape 

Symmetrical cordate-
shape 

Mature gametophyte Asymmetrical cordate-
shape Male 

Cordiform-spatulate 
Male and female 
(unisexual) 

Cordiforme-
reniforme Bisexual  

Symmetrical cordate-
shape 

Symmetrical cordate-
shape 

Symmetrical cordate-
shape 

Male and female 

 

Wing cell shape Isodiametric polygonal 
with almost straight 
side wall 

Isodiametric polygonal 
with almost straight 
side wall 

Isodiametric 
polygonal with 
almost straight side 
wall 

Isodiametric 
polygonal with almost 
straight 

side wall 

Not mentioned 

Isodiametric polygonal 
with almost straight 
side wall 

Isodiametric polygonal 
with almost straight 
side wall 

Not mentioned 

Type of secretory 
trichome (prothallial 
hairs) 

Unicellular Bicellular; 
Multicellular 

Bicellular; 
Multicellular 

Not mentioned Not mentioned Not mentioned 

Distribution of 
secretory trichome 

Margin, wing and 
meristematic zona 

Margin, wing, chusion, 
and meristematic zona 

Margin, wing, 
chusion, and 
meristematic zona 

Not mentioned Not mentioned Not mentioned Not mentioned 
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Reproductive organ formation. The male sex organ 
(antheridium) of P. wandae was noticed at 61 days after 
spore sowing, but it was still immature (Figure 3). The 
female sex organ (archegonium) of P. wandae had not been 
formed by 80 after sowing. Thus, there were only unisexual 
gametophytes, viz. male gametophytes. Pérez-García et al. 
(2010) reported that gametophytes of P. wandae of New 
Guinea were also unisexual, bearing both male and female 
gametophytes. Antheridia and archegonia of P. holttumii 
could be observed at 98 and 112 after sowing spores, 
respectively, under in vitro conditions (Mitayakul et al. 
2006). Each species of Platycerium may have a different 
rate of growth and gametophyte development to reach 
maturity. Under in vitro conditions, the development of 
gametophyte reproductive organs in Platycerium may be 
relatively slower. Under in vitro conditions on Knop's agar 
medium, mature gametophytes of P. coronarium develop in 
2 months, and 85 per cent of them were unisexual (both male 
and female) and 15 per cent bisexual (Awan and Rao 1981).  

Gametophyte morphology of P. wandae and its related 
species. Table 1. Provides a gametophyte morphological 
comparison among species of Platycerium. The 
gametophyte of P. wandae of Papua has an asymmetrical 
heart-shape or cordate-shape on both laminar phase and 
mature stage. In this phase of development, the 
gametophytes develop unicellular secretory structures 
(unicellular trichomes), an important characteristic of 
Aspidium-type sensu Nayar and Kaur (1971). In the pattern 
of development of gametophyte of Aspidium-type (Nayar 
and Khaur 1971), early hair formation take place in the 
young prothalli (Figure 2.G-I). The trichomes are 
distributed on the marginal, wing and near meristematic 
zone of the ventral surface (Figure 3.A., B, and D).  

Most species of Platycerium have a similar laminar 
shape; asymmetrical heart-shaped or cordate-shaped 
(Aspiras 2010; Espinosa-Matías and Pérez-García 2007; 
Pérez-García et al. 2010); except for P. wallichi, which has 
a symmetrical cordate-shape (Wang et al. 2011). However, 
the gametophyte of each species shows distinctive features 
(Table 1.). For example, young heart shape gametophytes 
with secretory trichomes were found in P. andinum (Pérez-
García et al. 2010) and P. wandae (present study), but the 
morphological characters of the secretory trichomes of the 
two species are different. Platycerium andinum has 
bicellular and multicellular trichomes, while P. wandae has 
unicelullar trichomes. 

In conclusions, spore germination of P. wandae is of 
the Vittaria-type and the prothallial development is of the 
Aspidium-type. Platycerium wandae of Papua has a 
unisexual asymmetrical heart-shape gametophyte with 
unicellular trichomes distributed on the marginal, wing and 
meristematic zones. New data on morphogenesis of P. 
wandae from Papua on natural media is provided. The 
findings also provide data relevant to reproductive biology 
and conservation of Platycerium. The straightforward 
method of germinating spores in a relatively simple natural 
substrate, such as minced roots of Cyathea contaminans 
with charcoaled rice hulls (1: 1), can be used for studying 
gametophyte development and propagating Platycerium, 
which may increase the availability of plants for 

ornamental purposes. This method also can be applied for 
ex situ conservation of endangered epiphytic ferns. 
Gametophyte plays an important role in the dispersal and 
reproductive biology of ferns, therefore the description of 
the gametophyte development also would be useful on 
further in situ studies on gametophyte ecology. 
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Abstract. Setianto J, Zain B, Sutriyono, Prakoso H. 2017. Domestication of red jungle fowl: A case study of the red jungle fowl chicks 
procurement by the communities in Central Bengkulu, Indonesia. Biodiversitas 18: 183-189. The existence of the red jungle fowl is 
increasingly pressured by habitat destruction, illegal hunting, and predators’ consumption which may result in an extinction. 
Conservation of the red jungle fowl had institutionally not been carried out both by the government and private institutions. However, 
the communities in Central Bengkulu District had done a domestication of the red jungle fowl. Until now, the conservation of the red 
jungle fowl in a community was not much studied. This study aimed to identify information about the origin of the red jungle fowl 
chicks, the origin of purchase of chicks, the equipment used for hunting and the chicks purity. Respondents selection was conducted by 
using a snowball sampling method. The data were obtained by using a combination of in-depth interviews, questionnaires, and a direct 
observation. The results showed that 38% respondents obtained the chicks from hunting, 40% from buying, 2% from hunting and 
buying, 6% from buying and conferral, and 14% from conferral. From respondents who did the chicks buying, 4.2% respondents bought 
the red jungle fowl from the traditional markets, 91.6% bought from hunters, and 4.2% bought from the chicks. Hunting activities were 
undertaken by 40% respondents, while 60% did not practice hunting activities. From respondents who did the hunting activities, 10% 
used a net, 30% used racit equipment and 60% used a combination of net and racit. Chicks obtained by respondents, 46% of the red 
jungle fowl and 54% of the offspring of the red jungle fowl. The red jungle fowl chicks were obtained from nature by hunting in the 
forests or plantations and from the surrounding communities, either by purchase or conferral.  

Keywords: Chicks, domestication, hunting, red jungle fowl  

INTRODUCTION 

The red jungle fowl is a germplasm asset that lives in 
the wild and chicks in forests or in plantations in the 
province of Bengkulu. As germplasm, the red jungle fowl 
has a very important function for people in the surrounding 
habitat. Red jungle fowl has the function of ecology, 
economy, and aesthetics. The ecological function of the red 
jungle fowl is as a prey for a predator, its economic 
function is as hunted animal and genetic resources for 
domestic animals to produce more meat and eggs, and the 
aesthetic function of it is as an ornamental chicken 
(Setianto et al. 2015b). 

The threats faced by the red jungle fowl include egg 
retrieval, hunting/capture, and habitat degradation (Akrim 
et al. 2015; Setianto et al. 2015a). The decreasing forest 
area due to land conversion, habitat destruction, 
uncontrolled hunting, and predation by predators are 
thought to be the cause of the decline of the red jungle 
fowl. The ongoing population decline could lead to 
extinction. The extinction of the red jungle fowl could lead 
to the extinction of burgo chicken. This is because the red 
jungle fowl is the ancestors of burgo chicken which are widely 
kept by the people of Bengkulu (Setianto et al. 2015b). 

Until now, the research or the study on the red jungle 
fowl focuses more on kinship of red jungle fowl as the 

progenitor (ancestor) of the current chickens and on its 
genetic characteristic (Azmi et al. 2000; Dorji et al. 2012; 
Moiseyeva et al. 2003; Mukesh et al. 2011; Mukesh et al. 
2013; Sulandari et al. 2008), and also on its population, 
behavior, and habitat (Arshad and Zakaria 2009; Javed and 
Rahmani 2000; Subhani et al. 2010). On the other hand, the 
basic information about the domestication of the red jungle 
fowl by society is a very little, especially the information 
about how people obtain their red jungle fowl (Setianto et 
al. 2015a). 

Institutionally, there is no special institution to manage 
and conserve the red jungle fowl, both government 
agencies, and private institutions. However, domestication 
as one form of conservation has been done by some people. 
Domestication of the red jungle fowl has long been done by 
the people in Central Bengkulu District. Red jungle fowl 
have melted with the lives of most people in Central 
Bengkulu District. Red jungle fowl are kept as a pleasure 
or as a producer of meat and eggs for their own 
consumption or for sale. In addition, the red jungle fowl are 
also taken care of to obtain new offspring by crossbreeding 
with local chicken. 

Seeing these conditions, it is time to perform the 
keeping of the red jungle fowl ex-situ (outside their 
habitat). This is done to ensure the conservation and 
sustainable utilization of genetic resources of red jungle 
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fowl, including the availability of qualified chicks of red 
jungle fowl optimally and continuously. However, up to 
now, there is only a little study about the domestication of 
the red jungle fowl by the community, so the information 
about it is also limited. It is necessary for studies of the red 
jungle fowl domestication undertaken by the community to 
obtain more detail information. This information can be 
used to maximize the red jungle fowl conservation efforts 
through the protection of ecological processes as a life 
support, as the preservation of genetic diversity, and as the 
use of the red jungle fowl sustainably. 

The purpose of this study is to identify the red jungle 
fowl domestication by the community in Central Bengkulu 
District, particularly with chicks of red jungle fowl. In this 
research, the identification of the origin of the red jungle 
fowl chicks, the place of the purchase of chicks, equipment 
used for hunting, and the purity of the chicks. 

MATERIALS AND METHODS 

The study was conducted in March-September 2016 in 
Central Bengkulu District, Bengkulu Province, Indonesia. 
Research location was determined intentionally 
(purposively) with the consideration that Central Bengkulu 
District is one of the red jungle fowl habitats and there are 
people who raise the red jungle fowl. Red jungle fowl is 
concentrated on forest and plantation areas, so these areas 
become red jungle fowl hunting place for the surrounding 
people. Central Bengkulu District administratively belongs 
to the province of Bengkulu province. Central Bengkulu 
District consists of 10 districts, 142 villages, and one urban 
community. The total area of Central Bengkulu district is 

around 1223.94 km2. Figure 1 shows the location of the 
research. 

The sampled respondents are breeders who do the 
domestication of red jungle fowl. Sample selection is done 
by the method of snowball sampling. This method is done 
because the existence of breeders who domesticate red 
jungle fowl is not known clearly. In the first phase, 
sampling is done by finding a breeder domesticating red 
jungle fowl. The next stage of the sampling carried out in 
sequence, starting from the first respondent, and this 
respondent was asked to provide information about the 
other respondent who also domesticates the red jungle fowl 
at home and is considered authoritative to provide 
information. This process was repeated until the required 
number of respondents was fulfilled. This research 
acquired 50 respondents of the keeper of the red jungle 
fowl or its descendants. 

Data taken and collected in this study are primary and 
secondary data. The primary data was obtained directly 
from the red jungle fowl keepers who were appointed as 
sample using a combination of in-depth interviews and 
asking a list of questions that have been prepared before 
(questionnaire). In addition, primary data were also 
obtained through direct observation and measurement in 
the field. Meanwhile, secondary data were obtained from 
some studies that have been done before. Such data can be 
obtained from the agencies or institutions that are closely 
related to the research on the red jungle fowl or obtained 
from the various literature. The data included the origin of 
chicks (buying, hunting, or conferral), the origin of chicks 
purchase, hunting equipment (nets, racit), and the purity of 
the chicks. Data were analyzed descriptively and presented 
in the form of tables and figures. 

 
 
 
 

 
Figure 1. Map of Central Bengkulu District of Bengkulu Province, Indonesia as a study site  
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RESULTS AND DISCUSSION 

The origin of chicks and the origin of the purchase of 
red jungle fowl chicks which are raised by the community 

The origins of red jungle fowl chicks raised by the 
community were from various places. Generally, chicks of 
red jungle fowl are obtained from the area around the 
residence of respondents. Chicks were obtained from the 
hunting, buying, or the granting from a hunter or a fellow 
keeper of the red jungle fowl. The results in Table 1 show 
the information on the origin of red jungle fowl chicks 
which were taken care by the respondents. 

Research results in Table 1 indicate that the origin of 
chicks of red jungle fowl are as follows: 38% of 
respondents obtain chicks of red jungle fowl from hunting; 
40% of respondents obtain chicks from purchasing; 2% of 
respondents obtain chicks from hunting and purchasing; 
6% of respondents obtain chicks from the purchase and 
conferral from others, and 14% of respondents obtain 
chicks from conferral. From these results, it can be seen 
that the origin of the red jungle fowl chicks mostly comes 
from hunting and purchases. Purchasing is a combination 
of three chicks’ origin, namely buying, hunting and buying, 
as well as the buying and conferral. In combination, the 
origin of chicks from hunting and purchasing shows the 
largest percentage (86%) of the total origin of red jungle 
fowl chicks which are nurtured by the respondents. In 
Table 1, it can be seen that the number of respondents who 
buy chicks of red jungle fowl is 24 respondents (48%). 
Respondents who buy chicks of red jungle fowl are only 
2% greater than the respondents who hunt. The great 
number of respondents who buy chicks to be nurtured 
shows a high number of interested people in nurturing the 
red jungle fowl. Meanwhile, respondents who obtained the 
chicks by conferral are only 14%, in addition, respondents 
who get the chicks from the buying and conferral are 6%. 
When the two are combined, it will get the total of 20%. 
The conferral of red jungle fowl chicks is usually done by a 
fellow red jungle fowl nurturer. Sometimes, the obtaining 
of red fowl chick is by giving it to each other between the 
hunter and the keeper of red jungle fowl, or vice versa, 
from the red jungle fowl keeper to the hunter. 

With the amount of 48% of respondents who purchase 
chicks of red jungle fowl, it makes it interesting to study 
the origin of the purchase of red jungle fowl chicks. Until 
now, there have been neither farmers nor companies having 
the red jungle fowl chick production company at the study 
site. In Table 2, it can be seen that the origin of the red 
jungle fowl chicks purchases made by the respondent. 

In Table 2, it can be seen that the respondents bought 
the red jungle fowl chicks from three different places, 
namely the market, hunters, and breeders. Of the three 
places, most respondents bought from hunters (91.6%). 
Meanwhile, the purchase of chicks from the market and 
breeders is lesser than the purchase from hunters, each is 
only 4.2%. From the results of this study, it can be seen 
that the main source of chicks of red jungle fowl in society 
is from the hunters. This is proved by a large number of red 
jungle fowl chicks purchase from the hunters. Based on 
these data, it can be said that the chicks of red jungle fowl 

are still obtained from nature (forest). The chicks of red 
jungle fowl are obtained through hunting activities. Thus, 
the role of the hunters of red jungle fowl chicks in its 
procurement is very important. It is necessary to get 
attention considering that the red jungle fowl populations in 
forests decrease at all time. Conservation to maintain the 
population needs serious attention so as not to be late. It is 
also important to do efforts to improve the management of 
red jungle fowl breeding in order to produce good red 
jungle fowl chicks. 

Hunting activities and hunting equipment for the wild 
red jungle fowls 

Although hunting has a huge role to the procurement of 
red jungle fowl chicks in the community, not all 
respondents do hunting activities. This is because to do the 
hunting, the certain skills and time are needed, so not 
everyone can do it. It also calls for special equipment and 
decoy chicken for hunting purposes. The decoy chicken is a 
descendant of the red jungle fowl (F1, F2). The use of the 
red jungle fowl descendant is important because it is 
relatively more benign than the red jungle fowl which is 
always wild. The use of decoy is to lure the red jungle fowl 
out of its place. Decoy chicken is maintained and specially 
treated and trained for the purpose of hunting as a decoy. 
Decoy chicken is mostly not kept in the bottom of a cage, 
but by using a perch. The chicken was left stay on perch. 
This is done in accordance with the habits of the red jungle 
fowl which sleeps in the branches of trees in their natural 
habitat. In addition, decoy chicken is often tied up in an 
open area (in the courtyard) in the morning/afternoon to get 
some sun. Figure 2 provides an illustration of the decoy 
chicken for hunting being tied up in the courtyard and a 
decoy chicken is on the perch.  

The number of respondents who do or do not do 
hunting activities on the red jungle fowl in nature can be 
seen in Table 3. Table 3 shows that out of the 50 
respondents, there were 20 respondents (40%) who did the 
red jungle fowl hunting in the forest, while 30 respondents 
(60%) did not do the red jungle fowl hunting activities. 
Some respondents who did not do the red jungle fowl 
hunting activities in nature to say that they do not hunt 
because they do not have the skills or expertise to carry out 
activities of the red jungle fowl hunting. The hunting 
activities were usually done from late afternoon by 
installing hunting equipment. Later at night, they waited 
until morning. After sunrise, usually, red jungle fowl came 
out of its nest. At that time, hunters paid attention to the-
already-installed equipment to trap the red jungle fowl. 
This hunting was still in the category of environmentally 
friendly since it did not damage the habitat and the red 
jungle fowl being hunted or captured were still in living 
conditions. Figure 3 provides an illustration of the hunting 
location, installation of racit equipment and racit that have 
been installed with decoy chicken. 

Figure 3 shows the way to one of the red jungle fowl 
hunting locations in the area of oil palm plantations in 
Central Bengkulu District, away from residential areas. The 
location of the red jungle fowl hunting goes into the forest 
or plantations. In these areas, there are red jungle  
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Table 1. Origin of chicks of red jungle fowl obtained respondent 
 

The origin of chicks Number of 
respondents 

Percentage 
 (%) 

Hunting  19 38 
Purchase  20 40 
Hunting and purchase 1 2 
Purchase and conferral 3 6 
Conferral  7 14 
Total 50 100 

 
 
 

Table 2. Origin of chicks’ purchase of red jungle fowl are kept 
respondents 
 

The origin of chicks’ 
purchase 

Number of 
respondents 

Percentage 
 (%) 

Market 1 42 
Hunters 22 916 
Breeders 1 42 
Total 24 100 

 
 
 

Table 3. Total respondents who do the red jungle fowl hunting 
activities in nature 
 

Hunting activities in 
nature 

Number of 
respondents 

Percentage 
 (%) 

Doing hunting activities 20 40 
Not doing hunting activities 30 60 
Total 50 100 

 
 
 
Table 4. The equipment used by the respondent in the red jungle 
fowl hunting in the wild 
 
Equipment for hunting 
the red jungle fowl in 

the wild 

Number of 
respondents 

Percentage 
(%) 

Net  2 10 
Racit 6 30 
Net and racit 12 60 
Total  20 100 

 
 
 

fowls that live in the wild and pilulate. Figure 3 shows one 
of the hunters was installing racit equipment in the 
locations to trap the red jungle fowl. After racit was 
installed, decoy chicken was tied up and perched in the 
middle of a racit circle. Once completed, the hunter waited 
until the morning of the red jungle fowl to come out of the 
nest. At that moment, the red jungle fowl, which was 
usually male, would fight the decoy chicken and entered 
the bondage straps on racit. Other than racit equipment, 
respondents who did hunting activities also used a net to 
catch the red jungle fowl. Nets were stretched on site and a 
decoy chicken was used to provoke the red jungle fowl. 
The interesting thing was that the respondents in the studies 

did not use any other equipment except that two tools only. 
The equipment used by respondents to hunt the red jungle 
fowl can be seen in Table 4. 

From Table 4, it can be seen that at the time of the red 
jungle fowl hunting in the forest, the respondents did it in 
three ways, using nets, a racit, or a combination of both. Of 
the three ways, as many as 10% of respondents used the 
hunting nets, 30% of respondents used racit equipment, and 
60% of respondents used a combination of nets and racit. 
These data indicate that more respondents used a 
combination of racit equipment and nets rather than just 
used a single racit or nets alone. Figure 4 illustrates the 
equipment used and how to use this equipment to hunt. 

Figure 4 (a) shows the racit equipment and the already 
installed racit, while Figure 4 (b) shows the instrument nets 
and nets that have been laid to trap the red jungle fowl. 
Both of these equipment have a difference in getting 
results. With racit equipment, almost all of the red jungle 
fowl caught is male red jungle fowl. This is due to a fight 
between decoy chicken, which is a rooster, with red jungle 
fowl inside racit. And the nets equipment uses decoy too, 
but the nets can catch any red jungle fowl, namely male, 
female, or chick of red jungle fowl. Nets are stretched 
across the road which is estimated to be the route of the red 
jungle fowl. 

Discussion 
The red jungle fowl is a local genetic resource that has 

merged to the lives of most people in rural areas in Central 
Bengkulu District. Uddin et al (2013) said that the public 
has long been nurturing this local chicken on a small scale 
for a variety of purposes. Fernandes et al (2007) suggested 
that, besides as an ancestor of domesticated chickens, the 
red jungle fowl is also one of the most important species 
for mankind because it has economic and socio-cultural 
values. 

The results of this study showed that chicks of red 
jungle fowl were obtained from several sources. Sources of 
red jungle fowl chicks are dominated by the ones obtained 
from nature by hunting. Provision of new chicks is limited 
for the use of farmers themselves. The effort has not been 
supported by the availability of chicks in sufficient quantity 
and quality. The quality of the chicks does not meet the 
criteria of quality, but it still depends on the outcome of the 
hunting activities. The chicks breeding of red jungle fowl 
carried out by the society in Central Bengkulu District has 
not met the criteria of good indigenous/local chicks 
breeding practices. In addition, the procurement of chicks 
carried out by the society in Central Bengkulu District is 
also different from the results of research by Okeno et al. 
(2011). The research results of Okeno et al. (2011) revealed 
that breeders make the selection of chicken at the 
household level based on the growth rate, the body size, the 
egg production, the hatchability and the good parenting 
ability, feather normality, crown feathers on head, neck 
bareness (legund), and the availability of giant genotype 
which is the most popular genotype among breeders. 
Another study conducted by Hanh et al (2015) shows that 
the survival rate of red jungle fowl chicks is high (around 
84%). 
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A B 

Figure 2. decoy chicken for red jungle fowl hunting. A. Decoy chicken is sunbathed under the sunshine, and B. Decoy chicken is 
perched 
  

  

 
A B C 

Figure 3. A. The road to one of the red jungle fowl hunting locations in Central Bengkulu District, B. A hunter installing a racit, and C. 
The installed racit with decoy chicken in it 
 
 

 
A B 

 
Figure 4. Hunting equipment for catching red jungle fowl: A. Racit, B. Nets 
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On the one hand, the demand for red jungle fowl is 
quite high; on the other hand, the unavailability of chicks 
breeding is one of the factors for the fulfillment of red 
jungle fowl chicks is done by hunting in the wild. In fact, 
the activity of hunting can be one of the threats to the 
declining population and extinction of the red jungle fowl 
(Liang et al. 2013; Akrim et al. 2015; Setianto et al. 
2015a). The results showed that 40% of 50 respondents do 
the hunting. In other research location, Setianto et al. 
(2015a) found that 65.22% of 46 respondents do the red 
jungle fowl hunting activities. This result does not vary 
much with the results reported by Akrim et al. (2015) that 
hunting activity contribute 16.4% and the capture activity 
contributes 9.6% to the threats to the population of the red 
jungle fowl. Meanwhile, Liang et al. (2013) in his research 
on the hunting of various species of birds, including the red 
jungle fowl, reported that 43% of respondents do the 
hunting. In this study, the hunting locations were the 
plantation area and the transition area from forest land into 
cultivation land (blending zone). These results did not 
differ from that proposed by Javed and Rahmani (2000) 
that the red jungle fowls are more found in mixed forests. 
Meanwhile, Subhani et al. (2010) suggested that the habitat 
of the red jungle fowl is the woods and the scrub. In the 
study, it is also found that decoy chicken is not grounded, 
but it is perched on tree branches. This is in accordance 
with the opinion of Arshad and Zakaria (2009) who argued 
that the habit of red jungle fowl is perching on tree 
branches. The study also revealed that the red jungle fowl 
hunting community in Central Bengkulu District is carried 
out by using equipment such as nets, racit, or a 
combination of both. It's not much different from what was 
raised by Setianto, et al (2015a) who found that the same 
equipment was used to hunt the red jungle fowl in North 
Bengkulu. This result contrasted with the results found by 
Aiyadurai (2012) that the hunt is done by using traps 
(bamboo slats, canopies, stone, triangular traps), catapults, 
and rifles. Meanwhile, Liang et al. (2013) said that the 
hunting is done using a rifle, air guns, and traps. 
Differences in the way of hunting and the equipment are 
due to differences in study sites. The hunt for the red jungle 
fowls by the people in the study site resulted in the living 
red jungle fowls, so there's an opportunity for development 
and conservation efforts. However, the newly captured red 
jungle fowls are very wild. Therefore, many breeders are 
reluctant in nurturing these fowls. The wild nature of red 
jungle fowl is also found in its descendants, although it has 
been properly taken care of since hatching (Brisbin and 
Peterson 2007). 

From the research, it can be concluded that the chicks 
of red jungle fowl are made available by people in Central 
Bengkulu District by deriving it from nature through the 
hunting in the forests or in plantations area, as well as from 
surrounding communities either by way of buying or 
conferral. The equipment used for hunting in the form of 
nets, racit, or a combination of both. 
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Abstract. Firawati I, Murwantoko, Setyobudi E. 2017. Morphological and molecular characterization of hairtail (Trichiurus spp.) from 
Indian Ocean, southern coast of East Java, Indonesia. Biodiversitas 18: 190-196. The objective of this study was to identify species of 
hairtails (Trichiurus spp.) which caught from the southern coast of East Java, based on morphology and molecular characters. Three 
hundred and forty-nine fish samples were collected from two fishing port i.e. Muncar and Prigi. Twenty-two morphometric and four 
meristic characters were measured from each sample. The result showed that the hairtail samples consisted of two species, T. lepturus 
and T. brevis based on morphology characters. Based on Principal Component Analysis (PCA) and Discriminant Function Analysis 
(DFA), these species can be distinguished by the head and caudal character, which the length of an upper jaw and caudal peduncle 
characters were the main distinguish. Analysis of fragment (~600 bp) of the mitochondrial DNA encoding 16S rRNA gene showed that 
T. lepturus samples were 100% genetically identical with T. lepturus while T. brevis samples were 100% identical with T. brevis. 
Phylogenetic analysis showed that T. lepturus and T. brevis were distinct species while T. lepturus both which caught from Prigi and 
Muncar were closely related species. The molecular identification can be used to verify the result of morphological identification. 

Key words: 16S rRNA gene, identification, molecular, morphometric, Trichiurus spp. 

INTRODUCTION 

The family Trichiuridae is widely distributed from 
tropical to warm temperate waters (Nakamura and Parin 
1993). Trichiurus haumela, T. glossodon, T. muticus, T. 
auriga, T. savala and T. lepturus are six species of 
Trichiurus genus which have been found in Indonesian 
waters (Carpenter and Niem 2001). However, hairtail 
taxonomy is remaining undetermined clearly, particularly 
those of genus Trichiurus due to their similarity in body 
shape and coloration. Based on difference morphology in 
pectoral fin and teeth pattern, Nakamura and Parin (1993) 
estimated that there are only 3 members of genus 
Trichiurus considered as valid species, T. lepturus 
Linnaeus, 1758, T. auriga Klunzinger, 1884, and T. 
gangeticus Gupta 1966. T. lepturus was recognized as valid 
species at all times by all ichthyologists, but the other two 
species were less discussed. T. lepturus has a very broad 
geographical distribution, cover tropical and temperate 
waters throughout the world. Both T. auriga and T. 
gangeticus have restricted geographical distributions, T. 
auriga is distributed in Red Sea, Indian Ocean, and Timor, 
while T. gangeticus is confined to the eastern coastal of 
India (Nakamura and Parin 1993). 

According to Tucker (1956), the Atlantic specimens of 
the genus Trichiurus can be recognized as T. lepturus L , 
whereas the Indo-Pacific specimens are known as T. 
haumela Forsskal. From 17 species of the genus Trichiurus 
have been reported in the various literatures, only nine 
species were considered as valid species (Nakamura and 

Parin 1993; Burhanuddin et al. 2002; Hsu et al. 2009). In 
the taxonomic history of Trichiurus, most species were 
considered synonyms of T. lepturus. Two species groups of 
Trichiurus were generally recognized; “T. lepturus 
complex” (long-tailed hairtail) and “T. brevis complex” 
(short-tailed hairtail).  

Identification of fish species can be done using both 
morphometric and meristic characters. These characters 
can be used to distinguish several fish species (Yokogawa 
and Seki 1995), the same species from different 
geographical (Yokogawa et al. 1997; Burhanuddin 2003), 
and to determine new species (Burhanuddin and Iwatsuki 
2003; Chakraborty et al. 2005). Nevertheless, fish 
morphology was vary affected by environmental factors, 
growth stages, as well as the fish development which 
caused difficulties in fish identification. Therefore, fish 
morphology study needs to be supported by molecular 
analysis such as on mitochondrial 16S rRNA gene targets. 
This gene has been used as a marker in the study of 
taxonomy and genetics of vertebrates in terrestrial and 
marine areas, especially at the level of genus and family 
(Allard et al. 1992; Milinkovitch et al. 1993; Chakraborty 
et al. 2006). The 16S rRNA gene has a low rate of 
evolution which is very useful to specifically discriminate 
between two species to show evolutionary relationships 
among fish at different taxonomic levels (Mata et al. 2009). 
This study was aimed to identify hairtail (Trichiurus spp.) 
species through morphological and molecular 
characterization. 
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MATERIALS AND METHODS 

Sample collection and identification  
Hairtail fish samples were collected from Muncar 

(Banyuwangi) and Prigi (Trenggalek) fishing ports, East 
Java, Indonesia (Figure 1). A total 349 of individual fish 
were randomly collected from both fishing ports and 
transported to the laboratory immediately frozen until the 
identification. Identification of species Trichiurids 
conducted based on morphological characters using 
Nakamura and Parin (1993) and Burhanuddin et al. (2002) 
with confirmation of supraoccipital crest position, dorsal 
fin base length, caudal peduncle length, and first anal spine 
opposite dorsal fin soft ray. Tissues samples for molecular 
analysis were taken from 3 individuals each species in 
Muncar and Prigi fishing port, then stored in 96% ethanol. 

Morphological characters (morphometric and meristic) 
Morphometric measurements and meristic counts were 

conducted using Burhanuddin and Iwatsuki (2003) method 

with modification. Of 22 morphometric and four meristic 
characteristics that have been analyzed, the measurements 
taken are as follows: Total length (TL), Dorsal fin based 
length (DFBL), Precaudal peduncle length (PPL), Preanal 
length (PAL), Caudal peduncle length (CPL), Head length 
(HL), Snout length (SL), Postorbital length (POL), 
Preopercle length (PEL), Upper jaw length (UJL), Body 
depth at pectoral fin base (BDP), Body depth at anus 
(BDA), Body width at pectoral fin base (BWP), Body 
width at anus (BWA), Predorsal length (PDL), Longest 
pectoral fin ray length (LOPL), Last pectoral fin ray length 
(LPL), Membranous interorbital width (MIW), Bony 
interorbital width (BIW), Dermal eye opening (DEO), 
Suborbital width (SW), Postsupraoccipital length (PSL), 
Dorsal fin rays (DFR), Dorsal fin soft rays opposite first 
anal spine (DFS), Pectoral fin rays (PFR), and Anal fin rays 
(AFR). In addition, we also measured seven ratios of 
morphometric character to make sure identification 
species. 

 
 
 

 

 
 
Figure 1. Fish sampling site of southern coast of East Java, Indonesia 

District 
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Extraction DNA, PCR Amplification, and sequencing 

Genomic DNA was extracted using TNES method 
(Sambrook et al. 1989). According to Miya and Nishida, 
the partial 16S rRNA gene was amplified using primers 
L2510 (5’-GCCTGTTTAACAAAAACAT-3’) and H3059 
(5’-CGGTCTGAACTCAGATCACGT-3’) (Chakraborty et 
al. 2005). The thermal cycling profile was as follows: 94°C 
for 5 min, followed by 35 cycles of denaturation at 94°C 
for 30 seconds, annealing at 55°C for 30 seconds, and 
extension at 72°C for 1 minute with a final extension for 5 
minutes at 72°C. The polymerase chain reaction (PCR) 
products were separated by electrophoresis on a 1.0% 
agarose gel, stained with Florosave, and visualized under a 
UV transilluminator. PCR product was purified and 
followed by sequencing with 1st Base company service.  

Data analysis 
Morphometric characters data were analyzed using 

multivariate analysis. Principal Component Analysis (PCA) 
was used to identify variation of morphometric character 
between populations by classification of correlated data 
into several independent groups (Cadrin 2000). 
Discriminant Function Analysis (DFA) was used to group, 
to compare, and to show the differences between 
populations (Landau and Everit 2004) based on 
morphometric characters, while cross-validation was also 
used to validate discriminant used in individual 
classification, both conducted to determine morphometric 
character played as main difference character among the 
population. PCA and DFA analysis was performed using 
SPSS software version 18. Meristic characters data were 
analyzed descriptively through literature review. In order to 
make our genetic data comparable with species in the 
world, this study also integrated genetic data from the 
previous study (accession number: AB198977, AB197147, 
AB212875, AB212875, AB212881, AB212888, 
AB197142, and JN165222). The partial 16S rRNA 
sequences were analyzed by Pairwise evolutionary distance 
among sequence was calculated using Kimura’s two 
parameters (K2P) model to obtain a Maximum Likelihood 
phylogenetic tree with MEGA 6.0.  

RESULTS AND DISCUSSION 

Species identification  
A total of 349 specimens have been analyzed 

morphologically, representing Muncar fishing port (170) 
and Prigi fishing port (179). Based on morphological 
characters analysis, hairtail fish samples were identified as 
Trichiurus lepturus and Trichiurus brevis. Counts and 
proportional measurements of specimens T. lepturus and T. 
brevis are given in Table 1. The character of genus 
Trichiurus are body extremely elongated and strongly 
compressed, ribbon-like, tapering to a point, caudal 
peduncle tip often broken, mouth large, with a dermal 
process at tip of each jaw, lower hind margin of gill cover 
concave, anal-fin soft rays mostly buried in skin, pectoral 
fins fairly long, extending above lateral line, pelvic fins 

absent, caudal fin absent. Both T. lepturus and T. brevis 
have similar morphology in general appearance, but clearly 
differ from the latter in having the top of the supra occipital 
crest situated directly above the posterior margin of the eye 
(vs. well behind posterior margin). Additionally, T. brevis 
has longer dorsal in base and shorter caudal peduncle than 
T. lepturus. Based on the meristic characters measurement, 
T. lepturus following combination of character: dorsal fin 
ray III, 136-137 while the Trichiurus brevis III, 132-133. 
The first anal fin spine base T. lepturus situated in below 
37th, while in T. brevis situated in below 32nd. Trichiurus 
brevis has short caudal peduncle (56% of HL), short snout 
(21% of HL), short preopercle (19% of HL), short 
predorsal (60% of HL), and small dermal eye opening 
(16% of HL) (Table 2). 

Morphometric data analysis 
Principal Component Analysis result indicated that first 

main component (PC 1) was able to explain 59.49% total 
variance and all positive-marked character which indicated 
that all analyzed morphometric characters were affected by 
sample size. Second and third main component (PC 2 and 
PC 3) values were 12.34 % and 4.92 %, respectively, 
among which some morphometric characters were positive 
and others were negative (Table 3). Most of the positive-
marked morphometric character of PC 2 was located in 
head and tail, indicated that those were main difference 
characters among hairtail population. Distribution of PC 1 
and PC 2 values and PC 1 and PC 3 values indicated that T. 
lepturus and T. brevis population form a separate group, 
whereas T. lepturus population in Prigi and Muncar was 
overlapped (Figure 2A and 2B).  

Discriminant Function Analysis can clearly 
discriminate T. lepturus and T. brevis population as 
separated groups. Two discriminant function (DF), each 
was able to explain 91.8 % and 8.2 % of total variance of 
morphometric character, with the largest value obtained by 
upper jaw length and caudal peduncle length for DF 1 and 
DF 2, respectively. Those discriminants function was able 
to classify 96 % of the original group (Table 4). Cross-
validation was able to classify 94.6% of tested sample 
(Table 5). The high classification value and cross-validated 
percentage showed that upper jaw length and caudal 
peduncle length were able to be used as main distinguish 
characters among the population. 

Molecular analysis 
BLAST results of 16s rRNA sequences of T. lepturus 

from Prigi and Muncar waters showed 100% identical with 
T. lepturus (accession number JN012087), while T. brevis 
from Prigi waters 100% identical with T. brevis (accession 
number JN165225). The phylogenetic tree shows that T. 
brevis form a separate clade of two major clade, which 
means T. brevis is a separate species from others. The first 
clade shows the kinship between T. lepturus from the 
southern coast of East Java with T. lepturus waters from 
the waters of West Africa and the Western Atlantic with 
bootstrap value reaches 91%. The second clade shows T. 
japonicus from Japanese waters in close contact with T. 
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lepturus from Pacific waters with the value of the bootstrap 
is only 50%, but between T. lepturus in Pacific waters such 

as Oman, Pakistan, China, and Thailand has a value 
bootstrap as high as 98% (Figure 3). 

 
 

 
A B 

 
Figure 2. A. Scattergram between PC 1 and PC 2 of T. lepturus and T. brevis in southern coast of East Java, Indonesia. B. Scattergram 
between PC 1 and PC 3 of T. lepturus and T. brevis in the southern coast of East Java, Indonesia 
 
 
 
Table 1. Comparative counts and proportional measurements of specimens of Trichiurus lepturus and Trichiurus brevis from both 
Muncar and Prigi fishing port, East Java, Indonesia 
 

Morphometric and meristic 
characters 

Muncar Prigi 
Trichiurus lepturus  
(N = 170) 

Trichiurus lepturus  
(N = 177) 

Trichiurus brevis 
(N = 2) 

Range (cm) Mean ± SD Range (cm) Mean ± SD Range (cm) Mean ± SD 
Total length 63.0 - 93.70 76.58 ± 5.54 59.50 - 86.10 67.20 ± 4.80 49.80 - 52.40 51.10 ± 1.83 
Counts       
Dorsal fin rays III. 136-137 - III. 136-137 - III.132-133 - 
Dorsal fin soft rays opposite first 
anal spine 

36-37 - 36-37 - 32 - 

Pectoral fin rays I. 10 - I. 10 - I.10 - 
Anal fin rays I. 101 - I. 100 - I. 102 - 
Measurements       
Dorsal fin base length 49.70 - 71.20 59.02 ± 4.25 40.85 - 68.50 50.91 ± 4.00 42.60 - 45.18 43.89 ± 1.82 
Precaudal peduncle length 52.60 - 93.00 68.18 ± 7.54 50.10 - 78.50 56.74 ± 4.51 45.40 - 48.80 47.10 ± 2.40 
Preanal length 22.40 - 35.30 27.68 ± 2.26 20.70 - 29.60 23.59 ± 1.82 17.30 - 18.10 17.70 ± 0.56 
Caudal peduncle length 5.90 - 19.80 10.49 ± 1.79 6.70 - 14.10 10.10 ± 1.12 3.20 - 4.00 3.60 ± 0.56 
Head length 9.10 - 13.40 10.59 ± 0.81 7.81 - 11.70 9.12 ± 0.73 6.36 - 6.48 6.42 ± 0.08 
Snout length 3.20 - 6.30 4.73 ± 0.57 2.50 - 4.80 3.41 ± 0.44 3.10 - 3.13 3.11 ± 0.02 
Postorbital length 3.90 - 6.50 5.14 ± 0.43 3.68 - 5.50 4.42 ± 0.35 3.13 - 3.30 3.21 ± 0.12 
Preopercle length 1.90 - 4.90 3.08 ± 0.52 1.30 - 3.91 2.43 ± 0.51 1.87 - 2.83 2.35 ± 0.67 
Upper jaw length 3.80 - 5.80 4.60 ± 0.41 2.80 - 4.61 3.71 ± 0.31 2.69 - 2.82 2.75 ± 0.09 
Body depth at pectoral finbase 5.50 ± 0.03 5.15 ± 0.50 3.30 - 6.10 4.31 ± 0.51 3.20 - 4.36 3.78 ± 0.82 
Body depth at anus 2.00 ± 0.01 4.97 ± 0.51 3.09 - 5.50 3.93 ± 0.47 3.80 - 3.86 3.83 ± 0.04 
Body width at pectoral 0.70 - 2.80 1.27 ± 1.41 0.83 - 2.00 1.21 ± 0.21 0.90 - 1.0 1.00 ± 0.14 
Body width at anus 0.60 - 2.80 1.27 ± 0.24 0.50 - 1.98 1.10 ± 1.83 0.90 - 1.00 0.95 ± 0.07 
Predorsal length 5.00 - 9.70 7.11 ± 0.71 5.12 - 8.00 6.21 ± 0.54 3.74 - 4.02 3.88 ± 0.19 
Longest pectoral fin ray length 2.00 - 4.10 3.06 ± 0.34 1.69 - 3.90 2.53 ± 0.33 1.55 - 1.75 1.65 ± 0.14 
Last pectoral fin ray length 1.10 - 2.10 1.54 ± 0.22 0.93 - 2.50 1.33 ± 0.20 0.90 - 0.96 0.93 ± 0.04 
Membranous interorbital width 1.40 - 3.00 1.96 ± 0.26 0.93 - 2.30 1.81 ± 0.21 1.30 - 1.44 1.37 ± 0.09 
Bony interorbital width 1.10 - 2.20 1.43 ± 0.19 0.60 - 1.61 1.25 ± 0.13 0.80 - 0.87 0.83 ± 0.04
Dermal eye opening 0.90 - 2.90 1.69 ± 0.24 1.09 - 2.20 1.59 ± 0.15 1.00 - 1.09 1.04 ± 0.06 
Subobital width 0.80 - 1.90 1.09 ± 0.21 0.09 - 2.20 0.88 ± 0.20 0.81 - 0.83 0.82 ± 0.01 
Postsupraoccipital length 0.40 - 1.90 1.06 ± 0.31 0.09 - 1.90 0.87 ± 0.26 0.40 - 0.50 0.45 ± 0.07 
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Table 2. The ratio of morphometric data of Trichiurus lepturus  
and Trichiurus brevis in the southern coast of East Java. 
 

Morphometric 
character ratio 

Muncar Prigi 
T. lepturus 
(N = 170) 

T. lepturus 
(N = 177) 

T. brevis 
(N = 2) 

Mean (%) Mean (%) Mean (%) 
DFBL/TL 80 75 86 
CPL/TL 9 16 7 
CPL/HL 57 119 56 
SL/HL 43 33 21 
POP/HL 27 24 19 
PDL/HL 69 65 60 
DEO/HL 17 17 16 
Note: DFBL/TL= dorsal finbase length/total length, CPL/TL= 
caudal peduncle length/total length, CPL/HL= caudal peduncle 
length/head length, SL/HL= snout length/head length, POP/HL= 
preopercle length/head length, PDL/HL= predorsal length/head 
length, DEO/HL= dermal eye opening/head length 
 
 
Table 3. Values of the first 3 components obtained through a 
PCA performed on morphometric data of T. lepturus and T. brevis 
 

Morphometric characters Principal component 
PC 1 PC 2 PC 3 

Total length 0.936 0.165 0.243 
Dorsal fin base length 0.942 0.088 0.122 
Precaudal peduncle length 0.873 0.173 0.227 
Preanal length 0.974 0.048 0.036 
Caudal peduncle length 0.286 0.398 0.737 
Head length 0.975 0.021 0.004 
Snout length 0.687 0.597 -0.167 
Postorbital length 0.905 -0.028 -0.016 
Preopercle length 0.477 0.714 -0.202 
Upper jaw length 0.875 0.087 -0.223 
Body depth at pectoral finbase 0.889 -0.207 0.091 
Body depth at anus 0.863 -0.338 0.027 
Body width at pectoral 0.630 -0.444 -0.019 
Body width at anus 0.599 -0.421 -0.023 
Predorsal length 0.895 0.138 0.002 
Longest pectoral fin ray length 0.880 -0.107 -0.010 
Last pectoral fin ray length 0.658 -0.118 0.044 
Membranous interorbital width 0.600 0.290 -0.299 
Bony interorbital width 0.734 -0.061 -0.388 
Dermal eye opening 0.652 0.424 -0.053 
Subobital width 0.578 -0.635 -0.113 
Postsupraoccipital length 0.583 -0.608 0.158 
Eigenvalue 13.088 2.716 1.081 
Variance proportion (%) 59.491 12.344 4.916 
Cumulative variance (%) 59.491 71.835 76.751 
 
 
Table 5. Classification result for discrimination function analysis 
 

Species Muncar 
T. lepturus 

Prigi 
T. lepturus 

Prigi 
T. brevis Total

Original A 163 (95.9%) 7 (4.1%) 0 (0%) 170 
B 7 (4%) 170 (96%) 0 (0%) 177 
C 0 (0%) 0 (0%) 2 (100%) 2 

Cross-
Validated 

A 160 (94.1 %) 10 (5.9 %) 0 (0 %) 170 
B 8 (4.5 %) 168 (94.9 %) 0 (0 %) 177 
C 0 (0 %) 0 (0 %) 2 (100%) 2 

Note: Species A= T. lepturus (Muncar); B= T. lepturus (Prigi); 
C= T. brevis (Prigi). 96 % of original groups cases correctly 
classified, and 94.6 % of cross-validated cases correctly classified 

Table 4. Correlation between morphometric data and discriminant 
function (DF) of Trichiurus lepturus and Trichiurus brevis 
 

Morphometric characters Discriminant Function 
DF 1 DF 2 

Upper jaw length 0.661* 0.357 
Body depth at anus 0.553* 0.031 
Preanal length 0.527* 0.379 
Dorsal fin base length 0.516* 0.226 
Head length 0.511* 0.461 
Total length 0.490* 0.415 
Postorbital length 0.489* 0.403 
Precaudal peduncle length 0.485* 0.207 
Body depth of pectoral 0.450* 0.132 
Longest pectoral fin ray length 0.418* 0.347 
Snout length 0.391* 0.225 
Preopercle length 0.331* 0.023 
Suborbital width 0.275* 0.034 
Last pectoral fin ray length 0.260* 0.243 
Body width at pectoral 0.227* 0.110 
Body width at anus 0.212* 0.096 
Caudal peduncle length 0.081 0.573* 
Predorsal length 0.383 0.485* 
Diameter eye opening 0.149 0.350* 
Bony interorbital width 0.299 0.339* 
Membranous interorbital width 0.184 0.237* 
Postsupraoccipital length 0.184 0.194* 
 
 
 

 
 
Figure 3. Phylogenetic tree produced by the Maximum Likelihood 
analysis using MEGA 6 based on 16S rRNA gene (genus 
Trichiurus) 

 

Discussion 
Multivariate analysis such as Principal Component 

Analysis (PCA) and Discriminant Function Analysis 
(DFA) was used to evaluate morphometric differences and 
classify hairtails population based on morphometric 
character similarity of T. lepturus and T. brevis population. 
Results of PCA and DFA were clearly determined T. brevis 
as different species from T. lepturus and the close relation 
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between T. lepturus population in Muncar and Prigi aquatic 
region. Based on Principal Component Analysis (PCA), the 
main difference character between T. lepturus and T. brevis 
was situated around head and tail. Discriminant analysis 
was carried out to clarify which character with upper jaw 
length and caudal peduncle length as the results. 

T. lepturus group from Muncar and Prigi waters were 
closely related population, indicated by insignificant 
morphometric character difference. The close kinship was 
reflected by overlap and insignificant morphometric 
character difference among T. lepturus from two locations. 
However, the size of T. lepturus from Muncar was bigger 
than Prigi, with average length were 76.58 cm and 59.50 
cm respectively. Muncar’s T. lepturus body was dominated 
by silvery color, whereas that from Prigi had darker color, 
particularly in head and dorsal. Average size difference 
caused by different cohort among two populations, while 
body color difference is affected by habitat and adaptation 
toward each living environmental situation. 

Morphometric character difference can occur even 
among one fish species living in the different location. 
Chakraborty and Iwatsuki (2006) noted that T. lepturus 
which collected from the west coast of Africa was differed 
from those off the Western Atlantic coast of America and 
Indo-Pacific regions in various meristic and morphometric 
character. Turan et al. (2006) also mentioned that fish 
morphology variation among one population or between 
different populations tends to be higher than other 
vertebrates. Environmental factors such as temperature, 
salinity, and food availability induce phenotype changes in 
fish. Accordingly, significant morphological differences do 
not necessarily prove restricted gene flow between 
populations but do suggest that fish in each group do not 
mix extensively. As morphology is especially dependent on 
environmental conditions during early life stages, 
phenotypic differentiation may indicate that mostly of fish 
spend their entire life in separate regions. 

The result obtained from BLAST NCBI showed that all 
six samples from Muncar and Prigi identified as T. lepturus 
with similarity range of 99-100%, also for T. brevis with 
99-100% genetically similar. The difference between 
morphological and molecular identification usually 
occurred due to similar morphology character lead to mis-
identification. The similarity in morphometric character 
among fish species can also occur as the effect of 
environmental factor, but different to morphometric 
character, meristic character (such as the number of 
vertebrae) relatively more stable without changing during 
fish life span since the character was already formed during 
embryo period. 

Carpenter and Niem (2001) mentioned that Indonesia 
has six hairtail species, T. haumela, T. glossodon, T. 
muticus, T. auriga, T. savala and T. lepturus, of which T. 
lepturus is the most commonly found in southern Java 
aquatic region. Besides, there are approximately eight 
hairtail species (family Trichiuridae) found in Indonesia 
aquatic region, Benthodesmus tenuis, B. tuckeri, 
Eupleurogrammus glossodon, E. muticus, Lepturacanthus 
savala, Tentoriceps cristatus, T. auriga, and T. lepturus 
(Nakamura and Parin 1993). Nakamura and Parin (1993) 

also noted that T. glossodon and T. muticus are belonged to 
genus Eupleuogrammus based on margin of subopercle 
convex and the long pectoral fin extending beyond the 
lateral line. Valid names for those species become 
Eupleuogrammus glossodon and E. muticus. Based on teeth 
character in the upper jaw, T. savala is known as 
Lepturacanthus savala. Genus Lepturacanthus typically 
identified by two small canine teeth on upper jaw projects 
forward and a small slit present on ventral side of lower 
jaw for receiving anterior most fang of upper jaw which not 
present in genus Trichiurus. To date, there are only three 
species belong to genus Trichiurus found in the Indian 
Ocean, particularly in the southern part of Java, T. auriga, 
T. lepturus and T. brevis. 

Phylogenetic is one method widely used to determine 
kinship among taxa. Molecular phylogenetic, in particular, 
utilize nucleotide sequence data to arrange kinship relation 
together with evolution structure in taxa (Thacker 2003; 
Willet et al. 1995). There is a relation between T. lepturus 
and T. brevis in southern East Java’s waters region with 
several species belong to genus Trichiurus, as presented in 
phylogram (Figure 3). It was shown that T. brevis in Prigi 
present in the separate clade from T. lepturus, indicated 
that the former is genetically different species from T. 
lepturus. Genetic identification on T. brevis also supported 
morphometric analysis previously conducted.  

The phylogram also showed that T. lepturus in the 
southern coast of East Java and T. lepturus from the 
Atlantic Ocean is genetically close-related, but they have 
separated species because present in different subclade. T. 
japonicus from Japan waters which are also separated from 
Indo-Pacific’s T. lepturus since they are presented in 
different subclade. Previous research also found that T. 
japonicus morphologically has smaller head size and 
longer caudal peduncle than T. lepturus (Chakraborty and 
Iwatsuki 2006). Genetically, T. lepturus in the southern 
coast of East Java water and Atlantic Ocean’s has lower 
sequence difference compared to the same species living in 
Indo-Pacific. There was also overlapping in East Java 
waters T. lepturus subclade with the population living in 
Prigi and Muncar, indicated gene flow from Prigi to 
Muncar or vice versa, which affected by geographically 
close location.  

In conclusion, based on morphological and molecular 
analysis, there were two species of Genus Trichiurus 
identified from Muncar and Prigi fishing port, East Java. 
Morphologically, Trichiurus lepturus and Trichiurus brevis 
can discriminate by upper jaw length and caudal peduncle 
length character. Further studies about genetic variation 
among these species from the same coalition are required 
in order to achieve complete biodiversity information.  
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Abstract. Mau YS, Markus JER, Shirly, Oematan S, Ndiwa ASS, Handoko DD, Nasution A, Makbul K. 2017. Genetic diversity of red 
and black upland rice accessions from East Nusa Tenggara, Indonesia as revealed by agro-morphological characters. Biodiversitas 18: 
197-211. A number of upland red and black rice accessions were collected from various locations of East Nusa Tenggara Province, 
Indonesia. This germplasm collection is invaluable genetic resource that can be utilized to generate new improved varieties. The 
objective of the present study was to elucidate genetic diversity of the rice germplasm based on agro-morphological characters. The 
study was carried out in the Glasshouse involving 40 upland red and black rice accessions. Observed variables included qualitative and 
quantitative agro-morphological characters. A total of 26 qualitative and 16 quantitative characters were observed. Qualitative characters 
were descriptively analyzed while quantitative characters were subjected to analysis of variance. Both data were also subjected to cluster 
analysis. Research results revealed a significant difference among rice accessions in both qualitative and quantitative characters. The 
tested rice accessions exhibited substantial differences in most of the observed qualitative and quantitative variables. Cluster analysis 
employing qualitative variables classified the rice accessions into 4 clusters and 15 sub-clusters. The same analysis using quantitative 
characters placed the 40 rice accessions into 5 clusters and 8 sub-clusters. Evaluation of agro-morphological characters demonstrated 
that the rice germplasm under the present study possessed a high genetic diversity. 

Keywords: upland rice, agro-morphology, characters, diversity  

INTRODUCTION 

Rice (Oryza sativa L.) is the most important food crop 
in Indonesia since rice is the main staple food for most 
Indonesian people. The current improvement in the 
community welfare and prosperity has caused a shift in the 
community lifestyle, which nowadays is beginning to put 
more concern on health by adjusting their diet. This is done 
by consuming foods according to their nutritional values. 
Red and black rices are staple food that many consumers 
are looking for today due to its great health-promoting 
benefits (Kushwaha 2016). Various studies indicated that 
red and black rices possess better efficacy compared to the 
common white rice. In addition to carbohydrate, protein, 
vitamins, and minerals, red and black rices are also sources 
of anthocyanins that are beneficial to health of antioxidants 
(Satue-Gracia et al. 1997; Nam et al. 2006; Chutipaijit et al. 
2011; Huang and Lai 2016), anti inflammation (Tsuda et al 
. 2002) and anti-cancer (Shao et al. 2004; Hyun et al. 2004) 
properties. High anthocyanin content is found in both red 
rice and black rices. The anthocyanin content of dark-red 
rice and black rices had been proved to be higher because 
the reddish dark to the blackish brown color is partly 
caused by differences in the anthocyanin content (Abdel-

Aal 2006; Shao et al. 2011; Suliartini 2011). Red and black 
rices have also long been known to be very useful for 
preventing and curing diseases caused by deficiencies in 
vitamin A and vitamin B (Kristamtini and Purwaningsih 
2009). Thus, the red and black rices are not only staple 
foods of carbohydrate sources but also health-promoting 
functional foods. 

The red and black rices are now becoming more 
popular and the demand for this rice is expected to rise in 
the future along with the increased level of community 
welfare and awareness on the importance of healthy food. 
However, the current availability of red and black rices on 
the market is limited due to lack of improved varieties at 
the farmer level. Most farmers are producing red and black 
rices using local varieties that are generally low yielding, 
long duration, susceptible to logding and lower eating 
quality such as ‘pera’ taste, etc. (Santika and Rozakurniati 
2010). Number of existing superior red rice varieties is 
very limited while the black rice superior variety is not 
available yet. Until 2012, there were only five Indonesian 
released red rice varieties, i.e. Mandel and Segreng 
Handayani (Ministry of Agriculture 2009a,b), Bahbutong 
and Aek Sibundong (Santika and Rozakurniati 2010) and 
Inpari 24 (IAARD 2012). These red rice varieties are all 
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lowland rice varieties, while improved upland red rice 
varieties were only three varieties, i.e. Inpago 7, Inpago 
Unram 1, and Inpago Unsoed 1 (IAARD 2012). 

The limited number of high-yielding varieties of red 
and black upland rices needs to be addressed to anticipate 
the future increasing demand. One way to address this gap 
is to select local germplasm, which can be proposed as a 
candidate variety or used as parental sources for 
assembling new superior varieties. A number of local red 
and black upland rice accessions have been collected from 
various locations in East Nusa Tenggara (ENT) Province, 
Indonesia (Mau et al. 2013). This collection is an 
invaluable genetic resource that can be used for varietal 
improvement. An important step to handle this germplasm 
is to determine its level of genetic diversity. The existence 
of high level genetic diversity is a valuable asset for 
varietal improvement. Genetic diversity of red and black 
upland rice accessions can be determined based on the 
agro-morphological traits. Information about these traits is 
important for selection and further employment for 
production of new superior varieties.  

The aims of this study were: (i) to identify agro-
morphological characters, (ii) to determine genetic 
diversity of red and black upland rice accessions from East 
Nusa Tenggara Province, Indonesia. 

MATERIALS AND METHODS 

Research location and design 
The present experiment was carried in the Glasshouse 

of Faculty of Agriculture, Universitas Nusa Cendana, 
Kupang, East Nusa Tenggara (ENT), Indonesia from April 
to October 2015. The experiment was laid out in a 
Completely Randomized Design employing 40 rice 
accessions as treatments, each was four 4 replicates. The 
treatment consisted of 35 local red and black upland rice 
accessions from ENT Province and four nationally released 
varieties as the checks (Table 1). In total, 40 experimental 
units were included in the study.  

Research pprocedures 
Seeds of the rice accessions were directly sown in 

plastic pots containing 10 kg of soil and manure in a 4:1 
ratio (8 kg Vertisols and two kg manure). All seeds were 
grown in perforated pots to prevent water lodging to suit 
the water-unsaturated nature of upland rice growing 
condition. Three to four seeds were seeded per pot but only 
two plants were retained in each growing pot until harvest. 
The rice plants were cultivated based on the standard rice 
cultivation technique. The plants were harvested when 
about 95% of the grain had matured and turned to straw or 
reddish/purple straw color, the panicles dropped down due 
to the heavy grain, and the grain fell off easily when 
squeezed.  

Agro-morphological trait observation 
Observed variables included both qualitative and 

quantitative agro-morphological characters of leaf, culm 
and grain. Observed qualitative characters included 26 

traits (leaf blade pubescence, leaf blade surface texture, leaf 
blade attitude, flag leaf attitude, leaf blade color, leaf 
sheath color, ligule color, ligule shape, collar color, auricle 
color, culm strength at vegetative stage, culm strength at 
generative stage, culm node color, culm internote color, 
culm angle, panicle type, panicle base, apiculus color, 
stigma color, awning, awn color, lemma and pallea 
pubescence, sterile lemma color, grain shape, grain tip 
color) while the observed quantitative characters included 
17 traits (leaf length, leaf width, ligule length, sterile 
lemma length, basal culm internode diameter, plant height 
at flowering, plant height at harvesting, flowering date, 
harvesting date, number of tiller at vegetative stage, 
number of productive tiller, panicle length, number of grain 
per panicle, grain length, grain width, 100-seed weight, 
grain weight per-plant. The observed qualitative traits were 
scored based on Standard Evaluation System for rice issued 
by IRRI (2014) (Table 2) prior to data analysis.  

Data analysis 
The observed qualitative data were subjected to 

descriptive analysis while the quantitative data were 
subjected to analysis of variance (ANOVA) to determine 
the treatment effect. Observed variables with significant 
treatment effect were further subjected to DMRT (5%) post 
hoc test to determine the difference among treatment 
means. Both the qualitative data that varied among the 
treatments and the quantitative data that were significantly 
affected by treatment were subjected to cluster analysis to 
further classify the tested accessions based on their genetic 
diversity. Analysis of variance was carried out using 
Genstat Version 12 (VSNi 2009) while cluster analysis was 
carried out using PAST (Hammer et al. 2001).  

RESULTS AND DISCUSSIONS 

Observed data presented in Table 3 demonstrate a 
substantial qualitative trait variation among the tested 
upland rice accessions. Most of the evaluated rice 
accessions (60%) exhibited pubescent leaf blade while the 
rest of the accessions exhibited glabrous (17.5%) and 
intermediate (22.5%) leaf blade pubescence. We also 
observed in the present study that approximately 27.5% of 
the evaluated rice accessions exhibited a smooth leaf 
surface while the remaining accessions (72.5%) exhibited a 
rough leaf surface. Data in Table 3 also demonstrate 
variation in flag leaf attitude where the percentage of rice 
accessions with erect, intermediate and descending flag leaf 
are, respectively, 32.5%, 7.5% and 60%.  

Results of the present study in Table 3 also revealed 
that most of the tested rice accessions possessed light green 
leaf blade color (85%), green leaf sheath color (90%), 
white ligule color (92.5%), acute to acuminate ligule shape 
(97.5%), light green auricle color (90%), green culm node 
color (90%), green internode color (87.5%), erect culm 
attitude (95%), straw awn color (80%), moderate culm 
strength at vegetative stage (77.5%), white stigma color 
(67.5%), yellow sterile lemma color (62.5%) slender grain 
shape (62.5%), and straw green tip color (75.5%). The 
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present study results also demonstrate that all tested rice 
accessions (100%) shared an erect leaf blade attitude and a 
light green collar color. Meanwhile, the evaluated rice 
accessions distributed almost evenly on the remaining 
observed traits, which ranged between 2.5-45% and 12.5 -
35%, respectively, for lemma and pallea color and for culm 
strength at generative stage. This implies that the red and 
black upland rice accessions evaluated in the present study 
exhibited a high variability in most of the observed 
qualitative traits. Samples of vegetative performance of the 
tested rice accessions are presented in Figure 1.  

Quantitative trait characterization 
Observed quantitative agro-morphological traits of the 

evaluated upland rice accessions are presented in Tables 4 
and 5. As with qualitative traits, we also found significant 
quantitative trait variation among the 40 rice accessions 
evaluated under the present study. The variability we 
observed in the quantitative characters was much higher 
than that of the qualitative characters. This was shown by 
significant (P<0.05) or highly significant (P<0.01) 
genotypic effect on the observed variables (Anova results 
are not shown).  

Data on Table 4 demonstrate that leaf blade width of 
the rice accessions ranged between 1.2 cm (min.) and 2.3 
cm (max.) while leaf blade length ranged from 41.8 cm to 
81.0 cm. Furthermore, ligule length of the rice accessions 
ranged from 15 mm to 39 mm. Only two classes of sterile 
lemma length were observed in this study, i.e. short (no 
longer than 1.5 mm) and medium (1.6 -2.5 mm). Twelve 
accessions exhibited short sterile lemma while the rest 28 
accessions had medium sterile lemma length. We also 
found significant variation on basal culm internode 
diameter, which ranged from 0.4 cm to 1.7 cm. Remarkable 
variation in this trait had also been reported by other 
workers in red and black upland rice germplasm (do 
Nascimento et al. 2011; Shinta, et al. 2014; Nurhasanah et 

al. 2016). 
The minimum plant height at flowering stage was 85 

cm while the maximum was 153.3 cm (Table 4). Results of 
the present study also revealed that most of the evaluated 
rice accessions (90%) were above 100 cm high at 
flowering, and only four accessions (10%), i.e. IR-20, 
SBD-03, SBD-05, and Aek Sibundong were below 100 cm 
at the flowering stage. We also observed substantial plant 
height differences among rice accessions at harvest (Figure 
2.A), which ranged from 85 cm (min.) to 153.5 cm (max.). 
It is interesting to observe in the present study that rice 
accession with the highest plant height at flowering stage 
was different from that at harvesting stage (Table 4). This 
might have occurred due to the difference in the way of 
measuring plant height at flowering and harvesting stages. 
Plant height at flowering stage was measured from the 
culm base to the tip of the longest leaf while that at 
harvesting stage was measured from the culm base to the 
tip of the highest/longest panicle. Additionally, we also 
found that only 6 (15%) rice accessions, i.e. IR-20, CBL-
01, SBD-03, MGP-01, SLT-01, and Aek Sibundong were 
below 100 cm high at harvest. This number is higher than 
that reported in the previous study by Shinta, et al. (2014) 
who found none of the six local pigmented rice collection 
from various locations in Indonesia, except the check 
variety Aek Sibundong that exhibited <100 cm plant 
height. Nurhasanah et al. (2016) had also characterized 71 
local rice cultivars (40 cultivars were upland rice) from 
East Kalimantan but the authors found no cultivars to be 
lower than 100 cm high. Interestingly, seven local 
accessions (17.5%) evaluated in the current study exhibited 
optimum plant height between 85 -100 cm, which suit the 
breeder’s preference as donors for production of new rice 
variety in the breeding program (Rabara et al., 2014). 
Almost the same percentage of upland colored rices with 
this optimum plant height had also been reported by 
Ahmad et al. (2015).  

 
 
 
 
 

A B 
 
Figure 1. Performance of several tested rice accessions at vegetative stage: A. Observed ligules of SBD-02, B. Vegetative growth 
performances of SBD-05, TL-04 and IR-20. 
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Table 1. Name, origin, usage, and seed coat color of rice accessions evaluated in the present study 
 
Accession 
name Vernacular name Origin Seed coat color Usage 

ADN-03 Waha Miten East Adonara Sub-District, East Flores District Black Staple food, special food for pregnant and newly-giving birth mothers 
ADN-04 Waha Me’a East Adonara Sub-District, East Flores District Red Staple food, special food for pregnant and newly-giving birth mothers 
ADN-05 Waha Mare East Adonara Sub-District, East Flores District Purple Staple food, special food for pregnant and newly-giving birth mothers 
ALR-01 Eba Northeast Alor Sub-District, Alor District  Red Food for special occasion and traditional ceremony 
BLA-01 Auhu Tajan Tabundung Sub-District, East Sumba District Reddish Purple Food for special occasion and traditional ceremony 
CBL-01 Laka Cibal Sub-District, Manggarai District Black Food for special occasion and traditional ceremony 
ISN-02 Aen Nuti Insana Sub-District, TTU District Red Food for special occasion, to cure diarrhea disease 
ISN-03 Aen Metan Insana Sub-District, TTU District Reddish Purple Food for special occasion, to cure diarrhea disease 
KMD-01 Laka Komodo Sub-District, West Manggarai District Dark Purple Staple food, mixed with white rice, special ceremony 
MANU-04 Aen Nuti Biboki Anleu Sub-District, TTU District Red Staple food, mixed with white rice, special ceremony 
MGP-01 Pare Mite Magepanda Sub-District, Sikka District  Black Staple food, mixed with white rice, special ceremony 
MGR-012 Ari Molas Elar Sub-District, East Manggarai District Red Staple food, mixed with white rice, special ceremony 
MGR-04 Ari Molas Elar Sub-District, East Maggarai District Red Staple food, mixed with white rice, special ceremony 
MK-01 Pari Mite North Kodi Sub-District, Southwest Sumba District Black Staple food, mixed with white rice, special ceremony 
NGR-011 Pari Mete Nangaroro Sub-District, Nagekeo District Red Food for special occasion and traditional ceremony 
NGR-012 Pare Mite Nangaroro Sub-District, Nagekeo District Reddish Purple Food for special occasion and traditional ceremony 
NGR-021 Pare Mite Nangaroro Sub-District, Nagekeo District Reddish Purple Food for special occasion and traditional ceremony 
NGR-022 Pare Mite Nangaroro Sub-District, Nagekeo District Black Food for special occasion and traditional ceremony 
PAU-01 Pare Mete Paubekok Sub-District, Sikka District Red Food for special occasion and traditional ceremony 
PJ-01 Pari Joki Kodi Sub-District, Southwest Sumba District Red Food for special occasion and traditional ceremony 
PK-01 Pari Kadico North Kodi Sub-District, Southwest Sumba District Light Red Food for special occasion and traditional ceremony 
PKP-01 Pari Kadico North Kodi Sub-District, Southwest Sumba District Red Food for special occasion and traditional ceremony 
PM-01 Pari Mete North Kodi Sub-District, Southwest Sumba District Reddish Black Food for special occasion and traditional ceremony 
PMK-01 Pari Mete Kadico North Kodi Sub-District, Southwest Sumba District Red Food for special occasion and traditional ceremony 
PRA-01 Auhu Hengu Tabundung Sub-District, East Sumba District Red Food for special occasion and traditional ceremony 
SBD-01 Pari Mite Wanakaka Sub-District, West Sumba District Black Food for special occasion and traditional ceremony 
SBD-02 Pari Mite West Wewewa Sub-District, Southwest Sumba District Reddish Black Food for special occasion and traditional ceremony 
SBD-03 Pari Mite Wewewa Sub-District, Southwest Sumba District Black Food for special occasion and traditional ceremony 
SBD-04 Pari Mete West Wewewa Sub-District, Southwest Sumba District Red Food for special occasion and traditional ceremony 
SBD-05 Pari Mete West Wewewa Sub-District, Southwest Sumba District Red Food for special occasion and traditional ceremony 
SBR-01 Laka Sambirampas Sub-District, East Manggarai District Dark Purple Food for special occasion and traditional ceremony 
SLR-07 Tahan Topo West Solor Sub-District, East Flores District Black Food for special occasion and traditional ceremony 
SLT-01 Tahan Topo East Solor Sub-District, East Flores District Dark Purple Food for special occasion and traditional ceremony 
TLB-04 Pare Mete Talibura Sub-District, East Flores District Red Food for special occasion and traditional ceremony 
TLB-05 Pare Mite Talibura Sub-District, East Flores District Black Food for special occasion and traditional ceremony 
Aek Sibundong Beras merah Check Variety, Rice Research Institute, Sukamandi, West Java Red Staple food 
Asahan Beras putih Check Variety, Rice Research Institute, Sukamandi, West Java White Staple food 
Gajah Mungkur  Beras putih Check Variety, Rice Research Institute, Sukamandi, West Java White Staple food 
IR-20 Beras putih Check Variety, Rice Research Institute, Sukamandi, West Java White Staple food 
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Kencana Bali Beras putih Check Variety, Rice Research Institute, Sukamandi, West Java White Staple food 
 
 

 
Table 2. Characterization of qualitative traits on red and black rices according to descriptors issued by IRRI (2014) 
 
No. Variable Character and score 
1. Leaf blade pubescence Glabrous (1), intermediate (2), pubescent (3)  
2. Leaf blade surface Smooth (1), rough (2) 
3. Leaf blade attitude Erect (1), horizontal (5), descending (9) 
4. Flag leaf attitude Erect (1), intermediate (3), horizontal (5), descending (7) 
5. Leaf blade color Light green (1), green (2), dark green (3), purple tips (4), purple margins (5), purple blotch (purple mixed with green) (6), purple (7) 
6. Leaf sheath color Green (1), purple lines (2), light purple (3), purple (4) 
7. Ligule color Absent (0), white (1), purple lines (2), purple (3)  
8. Ligule shape Absent (0), acute to acuminate (1), cleft (2), truncate (3) 
9. Collar color Absent (0), light green (1), green (2), purple (3) 
10. Auricle color Absent (0), light green (1), purple (2) 
11. Culm strength at vegetative stage Strong, no kneeling (1), moderate, most culm are kneeling (3), intermediate, most culms are intermediately kneeling (5), susceptible, almost all 

culms/tillers are drooping/kneeling (7), highly susceptible, all culms/tillers are kneeling (9) 
12. Culm strength at generative stage Strong, no kneeling (1), moderate, most culm are kneeling (3), intermediate, most culms are intermediately kneeling (5), susceptible, almost all 

culms/tillers are drooping/kneeling (7), highly susceptible, all culms/tillers are kneeling (9) 
13. Culm node color Green (1), light gold (2), purple lines (3), purple (4) 
14. Culm internode color Green (1), light gold (2), purple lines (3), purple (4) 
15. Culm angle Erect, <30° (1), intermediate, ~45° (3), open, ~60° (5), spreading, >60° (7), procumbent (9) 
16. Panicle type Compact (1), intermediate (2), open (3) 
17. Panicle bases Closed (1), open (2) 
18. Awning Absent (0), short and partly awned (1), short and fully awned (5), long and partly awned (7), long and partly awned (9) 
19. Awn color Awnless (0), straw (1), gold (2), brown/tawny (3), red (4), purple (5), black (6) 
20. Apiculus color White (1), straw (2), brown/tawny (3), red (4), red apex (5), purple (6), purple apex (7) 
21. Stigma color White (1), light green (2), yellow (3), light purple (4), purple (5) 
22. Lemma and palea color Straw (0), gold (1), brown spots on straw (2), brown furrows on straw (3), brown/tawny (4), reddish to light purple (5), purple spots on straw (6), 

purple furrows on straw (7), purple (8), black (9), white (10) 
23. Lemma and palea pubesence Glabrous (1), hairs on lemma keel (2), hairs on upper portion (3), short hairs (4), long hairs/velvety (5) 
24. Sterile lemma color Straw/yellow (1), gold (2), red (3), purple (4) 
25. Grain shape Bold (1), slender (2) 
26. Grain tip color Straw (1), gold (2), red (3), purple (4) 
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Table 3. Observed qualitative characters of red and black upland rice accessions from ENT Province and the check varieties   

Qualitative character  Accession number % 
Leaf blade pubescence Glabrous  1, 4, 8, 10, 22, 34, 38 17.5 
 Intermediate  2, 11, 15, 17, 21, 25, 27, 32, 40 22.5 
 Pubescent  3, 5, 6, 7, 9, 12, 13, 14, 16, 18, 19, 20, 23, 24, 26, 28, 29, 30, 31, 33, 35, 36, 37, 39 60.0 
Leaf blade surface Smooth 1, 4, 7, 10, 12, 21, 22, 33, 34, 36, 38 27.5 
 Rough 2, 3, 5, 6, 8, 9, 11, 13, 14, 15, 16, 17, 18, 19, 20, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 35, 37, 39, 40 72.5 
Leaf blade attitude Erect 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,28,39,40 100 
Flag leaf attitude Erect 7, 16, 19, 21, 25, 28, 31, 32, 33, 36, 37, 39, 40 32.5 
 Intermediate  20, 23, 34 7.5 
 Descending  1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 17, 18, 22, 24, 26, 27, 29, 30, 35, 38 60.0 
Leaf blade color Light green 1, 11, 13, 27, 32, 35 15.0 
 Green 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29, 30, 31, 33, 34, 36, 37, 38, 39, 40 85.0 
Leaf sheath color Green 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 90.0 
 Purple lines 2, 20, 21, 22 10.0 
Ligule color White 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 30, 32, 33, 34, 35, 36, 37, 28, 39, 40 92.5 
 Purple 9, 24, 31 7.5 
Ligule shape Acute to acuminate 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,28,39,40 97.5 
 Cleft 19 2.5 
Collar color Light green 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,28,39,40 100 
Auricle color Light green 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 30, 32, 33, 34, 35, 36, 37, 28, 40 90.0 
 Purple 9, 24, 32, 39 10.0 
Culm strength at 
vegetative stage 

Moderate, most culms are 
kneeling 

1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 17, 19, 20, 21, 22, 23, 25, 26, 27, 30, 31, 32, 33, 37, 28, 39, 40 77.5 

 Intermediate, most culms 
are intermediately kneeling

9, 16, 18, 24, 28, 29, 34, 35, 36 22.5 

Culm strength at 
generative stage 

Moderate, most culms are 
kneeling 

14, 17, 20, 21, 23, 25, 30, 38, 39 22.5 

 Intermediate, most culms 
are intermediately kneeling

2, 4, 5, 6, 7, 8, 11, 15, 22, 24, 26, 31, 36, 40 35.0 

 Susceptible, almost all culms/
tillers are drooping/ kneeling

3, 10, 12, 13, 16, 18, 27, 28, 29, 32, 35, 37 30.0 

 Highly susceptible, all 
culms/tillers are kneeling 

1, 9, 19, 33, 34 12.5 

Culm node color Green 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 28, 39, 40 90.0 
 Purple 1, 20, 21, 22 10.0 
Culm internode color Green  1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 3839, 40 87.5 
 Light gold 29 2.5 
 Purple lines 2, 24 5.0 
 Purple 10, 22 5.0 
Culm angle Erect, <30° 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35,36,37,28,39,40 95.0 
 intermediate, ~45° 2, 24 5.0 
Panicle type Compact  5, 6, 12, 19, 21, 22, 24, 29, 32, 33, 34 27.5 
 Intermediate  3, 14, 16, 18, 20, 23, 25, 30, 31 22.5 
 Spreading 1, 2, 4, 7, 8, 9, 10, 11, 13, 15, 17, 26, 27, 28, 35, 36, 37, 38, 39, 40 50.0 
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Panicle basis Closed 5, 6, 7, 11, 15, 17, 19, 26, 28, 29, 30, 31, 33, 36, 39, 40  40.0 
 Open 1, 2, 3, 4, 8, 9, 10, 13, 14, 16, 18, 20, 21, 22, 23, 24, 25, 27, 32, 34, 35, 38 60.0 
 Slender 1, 4, 6, 7, 8, 9, 10, 16, 17, 18, 21, 22, 23, 25, 26, 27, 28, 29, 31, 33, 35, 36, 37, 38, 40 62.5 
Awning Absent  1, 7, 10, 21, 35, 38 15.0 
 Short and partly awned 2, 5, 12, 13, 16, 18, 19, 20, 23, 26, 27, 28, 33, 39 35.0 
 Short and fully awned 29 2.5 
 Long and partly awned 3, 4, 6, 7, 9, 10, 11, 14, 15, 17, 21, 22, 24, 25, 30, 31, 32, 34, 35, 36, 37, 38 42.5 
 Long and fully awned 8, 40 5.0 
Awn color Awnless 10, 35 5.0 
 Straw 1, 2, 3, 4, 5, 8, 9, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 20, 30, 32, 33, 34, 35, 36, 37, 39, 40 80.0 
 Gold 6, 31, 38 7.5 
 Purple 7, 15, 22 7.5 
Apiculus color White 1, 2, 8, 10, 13, 15, 18, 19, 20, 23, 27, 28, 29, 30, 33, 34, 36, 37, 40 42.5 
 Straw 5, 11, 12, 14, 25, 32, 38 17.5 
 Brownish 3, 9, 31, 35 10.0 
 Red 4, 7, 16, 39 10.0 
 Dark red 6, 10, 21, 22, 24 12.5 
 Purple 17, 26 5.0 
 Dark purple 20 2.5 
Stigma color White 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 15, 16, 17, 18, 23, 24, 25, 28, 30, 31, 33, 35, 36, 37, 39, 40 67.5 
 Light green 14, 23, 38 7.5 
 Yellow 10, 19, 20, 21, 22, 27, 29, 32, 34 22.5 
 Purple 26 2.5 
lemma and palea 
pubescence 

Glabrous 1, 3, 7, 8, 9, 11, 13, 15, 17, 21, 24, 26, 27, 31, 32, 35 40.0 
Hairs on lemma keel 19, 22, 23, 29, 30, 36, 40 17.5 

 Hairs on upper portion 2, 4, 18, 34, 37, 38, 39 17.5 
 Short hairs 5, 6, 12, 14, 16, 19, 25, 28, 33 22.5 
 Long hairs 10 2.5 
Lemma and pallea 
color 

Gold 2, 4, 8, 16, 19, 22, 25, 29, 37, 38, 39, 40 30.0 
Brown spots on straw 3, 32 5.0 

 Brown furrows on straw 1, 5, 7, 10, 11, 12, 13, 14, 15, 17, 18, 23, 26, 27, 30, 31, 34, 35, 36 45.0 
 Brown/tawny 6, 9, 20, 24, 28, 33 15.0 
 Reddish to light purple 21 2.5 
 Purple spots on straw 10 2.5 
Sterile lemma color Yellow 1, 2, 4, 5, 6, 7, 8, 10, 12, 14, 16, 18, 19, 21, 22, 23, 25, 27, 28, 29, 30, 33, 34, 35, 39, 40 62.5 
 Gold 26, 36, 37, 38 10.0 
 Purple 3, 9, 11, 13, 15, 17, 20, 24, 27, 31, 32 27.5 
Grain shape Bold 2, 3, 5, 11, 12, 13, 14, 15, 19, 20, 24, 30, 32, 34, 39 37.5 
 Slender 1, 4, 6, 7, 8, 9, 10, 16, 17, 18, 21, 22, 23, 25, 26, 27, 28, 29, 31, 33, 35, 36, 37, 38, 40 62.5 
Grain tip color Straw 1, 3, 5, 6, 7, 8, 9, 11, 13, 14, 15, 16, 18, 23, 24, 25, 29, 30, 31, 32, 34, 35, 36, 37, 40 57.5 
 Gold 38 2.5 
 Red 2, 4, 10, 16, 19, 21, 22, 27, 32, 39 25.0 
 Purple 12, 17, 20, 26, 28, 33 15.0 
Note: 1 (ADN-03), 2 (ADN-04), 3 (ADN-05), 4 (ALR-01, 5 (BLA-01), 6 (CBL-01), 7 (ISN-02), 8 (ISN-03), 9 (KMD-01), 10 (MANU-04), 11 (MGP-01), 12 (MGR-021), 13 (MGR-04), 14 
(MK-01), 15 (NGR-011), 16 (NGR-012), 17 (NGR-021), 18 (NGR-022), 19 (PAU-01), 20 (PJ-01), 21 (PK-01), 22 (PKP-1), 23 (PM-01), 24 (PMK-01), 25 (PRA-01), 26 (SBD-01), 27 (SBD-
02), 28 (SBD-03), 29 (SBD-04), 30 (SBD-05), 31 (SBR-01), 32 (SLR-07), 33 (SLT-01), 34 (TLB-04), 35 (TLB-05), 36 (Aek Sibundong), 37 (Asahan), 38 (Gajah Mungkur), 39 (IR-20), 40 
(Kencana Bali) 
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The flowering date of the rice accessions varied from 
62 days after planting (DAP) (Gajah Mungkur) to 111 DAP 
(PJ-01) (Table 4). More than one half the number of rice 
accessions flowered at no longer than 90 DAP. As with 
flowering date, we also observed substantial variation in 
harvesting date of the tested rice accessions, which ranged 
between 95 DAP (Gajah Mungkur) and 155 DAP (PJ-01) 
(Table 4). We found that flowering date and harvesting 
date were highly correlated (r = 0.82). This is in line with 
observation by Ahmad et al. (2015) that flowering date was 
strongly correlated with harvesting date, where rice 
accessions that flower earlier tended to mature earlier, and 
vice versa. Harvesting dates of most of the currently 
improved varieties in Indonesia are no longer than 120 
days (IAARD 2012). About 60% local rice accessions 
evaluated in the present study matured at about 95 -120 
days, which indicates that this rice germplasm is a potential 
source to select for short duration traits in red and black 
upland rice varietal development.  

Number of tiller per plant at vegetative stage varied 
from six (PK-01) to 17 (TLB-04) while the productive 
tillers varied from four to 15 culms per plant with the 
highest number was observed in local accession TLB-04 
(Table 5), which implies that about 67-89% of the total 
tillers produced at vegetative stage were able to produce 
panicle. These ranges of tiller number per plant are much 
higher than those reported from red and black rices from 
various countries of origin by Ahmad et al. (2015) who, in 
the same study, also found that tiller number was 
significantly correlated with grain yield per plant. In 
contrast to observation by Ahmad et al. (2015), we did find 
very weak correlation (R2 = 0.12) between number of 
productive tiller per plant and grain weight per plant. This 
implies that red and black upland rice accessions elucidated 
in the current study are unique, more specifically in the 
agronomical characters. Beside number of productive tiller, 
grain weight is also determined by other yield components 
such as number of grain per panicle and 100-seed weight. 
Accessions with low number of productive tiller per plant 
may have higher number of grain per panicle and/or 100-
seed weight, and vice versa, which may likely cause weak 
or no correlation between each of these traits with the grain 
yield (grain weight per plant). 

In the current study, we also observed substantial 
differences in the panicle length and the grain length. The 
maximum panicle length was 45.8 cm while the minimum 
panicle length was 17.5 cm (Table 5). This range of panicle 
length was much higher than that of 41 colored rice 
genotypes evaluated by Ahmad et al. (2015). The grain 
length varied from 4.5 mm (MGP-01) to 10.0 mm (Gajah 
Mungkur, TLB-05). This finding showed varying size of 
rice grain that covers short, medium, and long grain sizes 
of the tested rice accessions. This grain length variation 
correlates closely with the size of rice/caryopsis, which 
may correspond to the consumer’s preference on the 
rice/caryopsis size. This local rice germplasm is, therefore, 
of a significantly useful genetic resource that can be used to 
select for rice accessions with the most preferred grain 
characters to the local consumers in ENT province in 
particular, and in Indonesia in general. 

Our finding in the present study (Table 5) also revealed 
substantially variable grain width among the evaluated rice 
accessions. The grain width we observed ranged from 2.5 
mm (BLA-01) to 4.3 mm (SBD-03, PJ-01), which indicates 
slender to bold size grain (Figure 2.B). This grain width 
range is a potential genetic resource that can be used to 
select for grain size that suit the consumer’s preference.  

The present study results also revealed that quantitative 
traits such as number of grain per panicle, weight of 100 
seeds, and grain weight per-plant varied considerably 
among the rice accessions (Table 5). Data in Table 5 show 
a large variation in number of grain per-panicle, which 
ranged from 26 to 220 grain. The highest number of grain 
per-panicle was found in the local accession ISN-02 (220 
grain). Twelve local accessions outnumbered the check 
varieties in terms of number of grain per-panicle, which 
indicates the superiority of local accessions in this trait.  

As with number of grain per-panicle, we also observed 
significant variation in 100-seed weight among the tested 
rice accessions. The highest 100-seed weight was found in 
the local accession PRA-01 (4.5 g) while the lowest was 
observed in two local accessions, i.e. KMD-01and SBD-03, 
each produced only about 1.9 g per 100 grain (Table 5). 
Eleven local accessions were found to produce higher 100-
grain weight than the check red rice variety, Aek 
Sibundong. Four of the eleven local accessions (PRA-01, 
PKP-01, PK-01, ISN-03) also produced higher 100-grain 
weight than the two white rice check varieties, i.e. Gajah 
Mungkur and Bali Kencana. Data analysis showed that 
there was no correlation between 100-seed weight and 
grain length (R2 = 0.04) and grain width (R2 = 0.04), 
which indicates that the rice accessions evaluated in this 
study are unique in these traits. These findings 
demonstrated wide grain size variability among the tested 
rice accessions indicating a wide genetic variability for 
selection of grain size suiting the consumer’s preference. 
As a comparison, Ahmad et al. (2015) reported 100-seed 
weight range of red and black rice germplasm between 1.57 
-3.21 g, which was lower than the present study results.  

The present study results also revealed significant 
variation of grain weight per-plant ranging from 10.8 g 
(min.) to 28 g (max.) (Table 5). Local accession MGP-01 
(Figure 2.A) from Sikka District produced the highest grain 
per-plant (28 g), followed by TLB-04 (26.4 g) (Figure 
2.A), which is also collected from the same district, in the 
second place. We also found that each of 30 local 
accessions from ENT Province produced a higher grain 
weight per-plant than the check red rice variety, Aek 
Sibundong (13.6 g). Grain yield per-plant is influenced by 
other yield component traits such as number of productive 
tillers; panicle length, and 100-seed weight.  

We also found in the current study that grain weight per 
plant showed no correlation with 100-seed weight (R2 = 
0.04), panicle length (R2 = 0.003), and number of grain per 
panicle (R2 = 0.004). The panicle length was also found to 
be not correlated with number of grain per plant (R2 = 
0.06). In a normal circumstance, we would expect strong 
correlations among these traits. Strong correlation between 
number of grain per-plant with number of productive tiller 
and panicle length had been reported by Ahmad et al. 
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(2015). Thus, the absence of correlation between grain 
yield and yield component characters observed in the 
present study suggests that the red and black upland rice 
accessions evaluated in the current study are unique in 
agronomical characters, more specifically the yield and 
yield component characters. Despite the absence of 
correlation among these characters, our finding 
demonstrates high grain yield potential and unique yield 
component characters of red and black upland rice 
accessions from ENT Province. These accessions are, 
therefore, invaluable genetic resources that can be 

exploited to assemble future high yielding red and black 
upland rice varieties.  

Genetic diversity analysis  
Results of this study revealed that the tested rice 

accessions exhibited significant variation in most of the 
observed qualitative and quantitative traits. These 
significantly differed traits were then used to assess the 
genetic diversity of the rice germplasm. Qualitative and 
quantitative characters were separately used in cluster 
analysis to generate genetic relationship dendograms.  

 
 
 
Table 4. Mean leaf and culm characters and plant height of upland red and black rice accession from ENT Province and the check 
varieties 
 

Rice accession 
Leaf blade 

width 
 (cm)* 

Leaf blade 
length 
(cm) 

Ligule 
length 
(mm) 

Sterile 
lemma 
length 

(code**)

Basal culm 
internode 
diameter 

(cm) 

Plant height at 
flowering (cm) 

Plant 
height at 

harvesting 
(cm) 

Flowering date 
(DAP) 

Harvesting 
date (DAP) 

ADN-03 1.9 bcdefgh 62.3 abcde 20 abcd 3.0 a 0.6 abcde 153.3 j 147.3 ij 86.5 cdefghij 111.0 bc

ADN-04 2.3 h 80.0 e 24 bcde 1.0 a 1.3 k 142.8 ghij 147.3 ij 83.3 cdefghi 118.3 bcd

ADN-05 2.3 h 70.8 bcde 21 abcd 3.0 a 0.5 abcd 143.8 hij 152.0 j 81.8 bcdefgh 111.0 bc

ALR-01 1.9 cdefgh 65.8 abcde 23 abcde 1.0 a 0.8 cdef 136.3 fghij 152.0 j 84.0 cdefghi 115.0 bcd

BLA-01 1.9 defgh 60.5 abcde 21 abcd 3.0 a 0.5 abcde 122.5 cdefghi 106.8 d 97.3 efghijkl 124.3 cd

CBL-01 1.5 abcde 50.0 abc 30 ef 3.0 a 0.4 ab 103.5 abcd 98.5 bc 98.5 fghijkl 124.8 cd

ISN-02 2.0 efgh 79.6 e 24 bcdef 1.0 a 1.3 h 137.0 fghij 153.5 j 74.0 abcd 112.8 bcd

ISN-03 2.2 fgh 75.5 cde 23 bcde 1.0 a 0.8 bcdef 135.3 fghij 143.8 hij 89.3 cdefghijk 126.5 cd

KMD-01 1.8 abcdefgh 44.8 ab 27 def 3.0 a 0.5 ab 105.3 abcde 103.8 cd 77.0 abcde 110.8 bc

MANU-04 2.1 fgh 80.3 e 26 bcdef 3.0 a 0.6 abcde 146.8 ij 139.8 ghij 81.8 cdefgh 108.0 b

MGP-01 1.8 abcdefgh 81.0 e 21 abcd 3.0 a 0.6 abcde 135.0 fghij 148.5 ij 86.0 cdefghij 111.8 bcd

MGR-012 1.6 abcdefg 60.5 abcde 23 abcde 3.0 a 0.5 abcde 107.8 abcdef 100.0 bc 99.5 ghjkl 120.3 bcd

MGR-04 2.2 gh 75.5 cde 25 bcdef 3.0 a 0.5 abc 129.5 defghij 138.0 fghij 84.8 cdefghi 113.0 bcd

MK-01 2.1 fgh 69.0 bcde 20 abcd 1.0 a 1.1 ghijk 132.0 efghij 139.8 ghij 108.5 kl 144.3 efg

NGR-011 2.0 defgh 73.4 cde 22 abcde 3.0 a 0.4 ab 129.8 defghij 136.0 fghi 91.0 cdefghijk 119.3 bcd

NGR-012 2.0 defgh 60.8 abcde 19 abcd 1.0 a 0.9 fghij 133.8 fghij 135.3 fghi 95.5 efghijkl 116.5 bcd

NGR-021 1.4 abcde 57.3 abcde 27 def 3.0 a 0.5 abcd 104.8 abcde 131.5 fgh 88.3 cdefghijk 118.8 bcd

NGR-022 1.6 abcdef 61.8 abcde 22 abcd 1.0 a 1.1 hijk 133.5 fghij 138.0 fghij 75.8 abcde 115.8 bcd

PAU-01 2.1 efgh 68.0 bcde 23 abcde 3.0 a 1.1 ijk 130.8 defghij 136.0 fghi 103.0 hijkl 135.3 de

PJ-01 2.2 gh 73.8 cde 19 abcd 1.0 a 1.1 ijk 128.0 defghij 135.8 fghi 111.3 l 155.3 g

PK-01 1.8 abcdefgh 58.3 abcde 21 abcd 1.0 a 1.1 ijk 134.0 fghij 131.5 fgh 103.5 ijkl 148.3 fg

PKP-01 1.7 abcdefgh 55.3 abcde 23 abcde 1.0 a 0.9 fghij 115.0 bcdefgh 116.8 ce 103.5 ijkl 141.3 ef

PM-01 1.9 defgh 69.5 bcde 18 abc 3.0 a 0.8 defg 128.8 defghij 130.5 fgh 101.5 ghijkl 134.0 cd

PMK-01 2.3 h 67.5 abcde 21 abcd 3.0 a 0.5 ab 142.3 ghij 130.5 fgh 99.8 ghijkl 120.5 bcd

PRA-01 2.0 defgh 60.1 abcde 20 abcd 3.0 a 1.0 fghij 114.0 bcdefg 134.3 fghi 105.8 ijkl 142.5 ef

SBD-01 1.7 abcdefgh 59.0 abcde 31 f 3.0 a 0.5 abc 121.5 cdefghi 104.5 cd 79.5 abcdefg 111.8 bcd

SBD-02 2.0 efgh 60.3 abcde 18 ab 3.0 a 0.5 abcd 128.3 defghij 124.5 ef 94.3 defghijkl 115.3 bcd

SBD-03 1.5 abcde 62.0 abcde 30 ef 3.0 a 0.4 a 96.5 abc 85.0 a 93.0 defghijkl 125.3 cd

SBD-04 1.8 abcdefgh 62.8 abcde 27 def 1.0 a 1.1 fghijk 110.0 abcdef 124.5 ef 63.8 ab 116.3 bcd

SBD-05 2.0 defgh 60.7 abcde 27 cdef 3.0 a 1.7 l 97.5 abc 104.8 cd 71.5 abc 114.8 bcd

SBR-01 1.8 abcdefgh 73.0 cde 24 bcdef 3.0 a 0.5 ab 135.0 fghij 104.8 cd 78.5 abcdef 112.5 bcd

SLR-07 1.9 bcdefgh 56.5 abcde 30 ef 3.0 a 0.4 ab 102.8 abcd 106.5 cd 99.0 ghijkl 122.3 cd

SLT-01 1.2 a 70.0 bcde 31 f 3.0 a 0.5 abcd 125.5 cdefghi 88.5 ab 87.0 cdefghij 123.5 cd

TLB-04 1.3 ab 77.3 de 25 bcdef 1.0 a 1.1 hijk 115.0 bcdefgh 118.8 e 79.3 abcdef 114.5 bcd

TLB-05 2.3 h 45.4 ab 25 bcdef 3.0 a 0.6 abcde 147.8 ij 152.8 j 83.0 cdefgh 110.5 bc

Aek Sibundong 1.6 abcdefg 52.5 abcd 23 abcde 3.0 a 0.8 bcdef 89.6 ab 94.4 abc 80.5 bcdefgh 111.3 bc

Asahan 1.6 abcdefg 41.8 a 23 bcde 3.0 a 1.2 jk 103.5 abcd 101.5 c 69.0 ab 113.8 bcd

Gajah Mungkur  1.4 abcd 45.9 ab 15 a 3.0 a 0.9 efghi 102.5 abcd 102.5 c 62.3 a 95.0 a

IR-20 1.3 abc 72.0 cde 23 abcd 3.0 a 0.5 abc 85.0 a 85.0 a 81.8 cdefgh 116.3 bcd

Kencana Bali 1.4 abcd 69.5 cde 39 g 3.0 a 0.8 efgh 119.3 cdefghi 126.8 fg 91.0 cdefghijk 127.3 cd

CV (%) 10.2  9.8  7.5  0.0  10.8  8.7  5.1  8.6  4.5  
Note: DAP = Days After Planting. *Numbers within the same column with the same lower case are not significantly different at 0.05 
DMRT. **1 = short (no longer than 1.5 mm), 3 = medium (1.6 -2.5 mm) 
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Qualitative trait-based genetic diversity  
Prior to cluster analysis, all substantially-different 

qualitative data were first coded into quantitative scales 
according to the method of SES of rice (IRRI 2014). 
Clustering of the rice germplasm was based on Unweighted 
Pair Group Method with Arithmetic Mean (UPGMA) using 
Euclidean distance. Truncating the dendrogram at 
Euclidean distance of 6.0 resulted in four main clusters; 
each was further sub-grouped into two to four sub-clusters 
(Figure 3). The first cluster consisted of four accessions, 
the second consisted of 12 accessions, the third consisted of 
15 accessions and the fourth cluster consisted of nine 
accessions. Cluster I is the smallest with only four 
accession members, i.e. Manu-04, PJ-01, PK-01 and SBD-
01. Manu-04 was collected from TTU District while the 

last three accessions were collected from Southwest Sumba 
District. The cluster II was sub-divided into four sub-
clusters containing 1 -5 accession members. PKP-01 
accession from Southwest Sumba district stood alone as a 
sub-cluster of the cluster II. Cluster III comprised the 
largest accession members, and was sub-divided into five 
sub-clusters with two single-accession sub-clusters, i.e. 
TLB-4 from Sikka District in one sub-cluster and ADN-04 
from East Flores District in the other sub-cluster. As with 
cluster III, cluster IV also consisted of two single-accession 
sub-clusters out of total four sub-clusters. The two single-
accession sub-clusters contained NGR-021 from Nagekeo 
District in one sub-cluster and PMK-01 from Southwest 
Sumba in the other sub-cluster.  

 
 
 
Table 5. Mean number of tiller, panicle length, grain length, grain width, # of grain per-panicle, 100-seed weight, and grain weight per-
plant of red and black upland rice accessions from ENT Province and the check varieties 
 

Rice accession 
# of Tiller at 

vegetative 
stage (culm) 

# of 
Productive 
tiller (culm) 

Panicle length (cm) Grain length
 (mm) 

Grain 
width 
 (mm) 

# of Grain 
per-panicle 

100-seed 
weight 

 (g) 

Grain weight 
per-plant (g) 

ADN-03 10.0 abcdefg 7.0 abcd 34.8 jklmn 10 g 4 de 147.3 hij 2.6 abcdef 20.0 cdefg

ADN-04 7.3 abcde 9.5 def 30.9 fghijklm 7 cd 3 abc 131.0 ghij 3.6 efg 19.3 cdef

ADN-05 7.5 abcdef 6.5 abcd 37.8 mn 9 ef 4 de 98.3 defg 3.4 bcdef 17.6 abcdef

ALR-01 9.3 abcdef 6.3 abcd 28.4 bcdfghijk 8 e 3 abc 156.8 ij 2.9 abcdef 11.1 ab

BLA-01 7.0 abcd 4.3 a 31.3 ghijklm 8 ef 3 a 101 efg 2.8 abcdef 19.1 cdef

CBL-01 10.8 abcdefg 6.8 abcd 20.3 ab 9 g 4 de 70.3 d 2.1 abc 17.6 abcdef

ISN-02 9.3 abcdef 6.8 abcd 29.1 dfghijk 7 c 3 ab 220.3 l 3.5 def 19.2 cdef

ISN-03 8.0 abcdef 5.3 ab 33.6 ijklmn 9 fg 3 abc 122.3 fghi 4.4 gh 23.4 fg

KMD-01 14.0 g 11.8 fg 23.5 abcdfg 8 ef 4 cd 118.5 efgh 1.9 a 22.1 defg

MANU-04 8.8 abcdef 6.8 abcd 36.8 lmn 10 g 3 bcd 137.8 ghij 3.0 abcdef 13.4 abc

MGP-01 10.8 abcdefg 9.0 cdef 32.3 ijklmn 5 a 4 de 145.3 hij 2.1 ab 28.1 h

MGR-012 7.3 abcde 5.0 ab 45.8 o 9 g 4 de 84.5 def 3.1 abcdef 19.8 cdef

MGR-04 8.0 abcdef 6.0 abcd 36.8 lmn 9 fg 4 de 110.0 efg 3.1 abcdef 13.3 abc

MK-01 11.0 bcdefg 7.5 abcde 29.6 fghijkl 8 de 4 de 115.3 efgh 2.7 abcdef 10.9 ab

NGR-011 6.5 ab 5.0 ab 31.0 fghijklm 9 g 4 de 78.5 de 2.9 abcdef 17.8 abcdef

NGR-012 11.8 cdefg 7.5 abcde 24.3 abcdfgh 9 ef 3 abc 115.0 efgh 2.4 abcde 10.8 a

NGR-021 8.8 abcdef 5.0 ab 20.8 ab 10 g 4 de 60.8 abcd 3.1 abcdef 21.0 defg

NGR-022 10.8 abcdefg 8.0 bcde 25.0 bcdfghi 6 b 3 abc 137.0 ghij 2.2 abc 15.0 abcde

PAU-01 10.8 abcdefg 9.0 cdef 27.3 bcdfghijk 7 cd 4 de 113.0 efgh 3.4 cdef 12.6 abc

PJ-01 12.5 fg 9.5 def 27.5 bcdfghijk 8 e 4 e 79.3 def 3.3 bcdef 14.1 abc

PK-01 6.0 a 6.3 abcd 34.6 jklmn 10 g 3 abc 158.0 ij 3.8 fg 12.1 abc

PKP-01 8.8 abcdef 7.8 abcde 31.7 hijklmn 9 ef 3 bcd 194.3 kl 3.8 fg 13.2 abc

PM-01 12.3 efg 9.3 def 30.6 fghijklm 9 fg 3 abc 113.0 efgh 2.9 abcdef 14.2 abcd

PMK-01 6.5 ab 5.3 ab 28.5 cdfghijk 9 fg 4 de 66.0 bcd 2.6 abcdef 22.1 defg

PRA-01 7.5 abcdef 7.3 abcd 32.8 ijklmn 9 fg 3 abc 95.5 defg 4.5 h 12.6 abc

SBD-01 14.0 g 14.3 gh 25.0 bcdfghi 9 ef 4 de 113.3 efgh 2.3 abcd 21.8 defg

SBD-02 8.0 abcdef 6.8 abcd 29.0 dfghijk 10 g 4 de 84.0 def 2.9 abcdef 14.5 abcd

SBD-03 8.8 abcdef 5.5 abc 23.3 abcdef 10 g 4 e 81.5 def 1.9 a 18.2 bcdef

SBD-04 12.5 fg 12.3 fgh 27.1 bcdfghijk 8 e 3 abc 161.5 jk 3.0 abcdef 24.2 efg

SBD-05 10.0 abcdefg 7.5 abcde 26.3 bcdfghij 7 c 3 abc 113.8 efgh 2.5 abcde 14.1 abc

SBR-01 14.0 g 6.3 abcd 34.3 jklmn 8 e 4 cd 99.8 defg 2.0 a 17.2 abcdef

SLR-07 9.3 abcdef 5.3 ab 17.5 a 9 fg 4 de 67.5 cd 2.3 abcd 17.0 abcdef

SLT-01 7.3 abcde 12.0 fg 21.1 abc 9 g 3 bcd 39.5 abcd 2.0 a 19.7 cdef

TLB-04 17.0 h 15.0 h 21.5 abcd 7 cd 4 de 146.3 hij 2.5 abcde 26.4 g

TLB-05 7.8 abcdef 5.8 abc 38.8 n 10 g 3 abc 112.3 efgh 3.0 abcdef 16.9 abcdef

Aek Sibundong 10.0 abcdefg 9.3 def 24.2 abcdfgh 9 fg 3 abc 118.5 efgh 3.1 abcdef 13.6 abc

Asahan 11.8 cdefg 10.5 ef 25.0 abcdfghi 9 fg 3 abc 111.0 efgh 2.7 abcdef 16.3 abcdef

Gajah Mungkur  6.8 abc 4.3 a 22.5 abcde 10 g 3 abc 99.8 defg 3.6 ef 14.3 abc

IR-20 11.5 bcdefg 8.8 cde 21.0 abc 7 cd 3 abc 25.5 a 2.5 abcde 14.1 abc

Kencana Bali 12.3 efg 10.8 ef 23.6 abcdfg 9 ef 3 abc 128.8 ghij 3.6 efg 23.2 fg

CV (%) 10.0  10.7  6.8  4.6  8.0 8.5  0.4  8.7  
Note: DAP = Days After Planting. **Numbers within the same coloumn with the same lower case are not significantly different at 0.05 DMRT 
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MGP‐01  NGR‐002  AEK S  BLA‐01  PRA‐01  PAU‐01  ADN‐05  SBR‐01 
 

Figure 2. Samples of tested rice accession with a varying plant height at harvest (above) and grain size/grain shape (below). Bar = 2 cm 
 
 
 

Overall, the present study results revealed that the rice 
accessions from ENT Province were distributed in four 
main clusters and fifteen sub-clusters (Figure 3). Six of the 
fifteen sub-clusters were single-accession sub-clusters, four 
of which contained accessions from Southwest Sumba 
District. These findings demonstrate that this rice 
germplasm is highly divergent in qualitative agro-
morphological characters. As a comparison, previous study 
by Kristamtini et al. (2012) reported five taxonomic 
clusters of black rice accessions from several locations in 
Indonesia including one black rice accession from 
Manggarai District, ENT Province that was grouped in the 
same cluster with Pari Ireng, Cempo Ireng, and Jlitheng 
from Yogyakarta. This implies that red and black upland 
rice accessions from ENT, despite their origins in the same 
provincial location, was proved to be highly divergent that 
may had been partially caused by the divergent 
environmental factors of the province. The ENT Province 
is an archipelagic province with a varying degree of agro-
climatic conditions. The climate type of the province is 

dominantly semi-arid but the west part of the province, 
especially the Flores Island, is sub-humid to humid climatic 
types. Average annual rainfall of the province is about 
1500 mm but the range is large, i.e. from about 800 mm (in 
Sabu Raijua and East Sumba Districts) to about 4000 mm 
in the great Manggarai Districts. All these conditions have 
affected the development and the choice of rice varieties in 
the region.  

Principal Component Analysis (PCA) was also used to 
further reveal the components mostly responsible for the 
observed variances. The PCA analysis involving qualitative 
traits resulted in 24 independent components that explained 
the total observed variance (100%). Five principal 
components explained about 75% variation in the 
characterized rice germplasm. The first component 
explained about 25% of the total variances while the 
second, the third, the fourth and the fifth accounted for, 
respectively, 18.9%, 13.8%, 10.3% and 7.4% of the 
variances. Scatter plots of PCA analysis involving 24 
qualitative traits of the rice germplasm are presented in 
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Figure 4. This figure reveals both the distribution of rice 
accessions across the scatter plots and factor loadings of 
the qualitative traits mostly contributed to the variances in 
the principal component. Research results show that flag 
leaf attitude trait (loading factor 0.89) is mostly responsible 
for maximum variability in PC1, which explained 25% of 
the total observed variation in the data set. In PC2, three 
qualitative traits contributed the highest factor loadings, i.e. 
apiculus color (0.46), pallea-lemma color (0.43) and grain 
tip color (0.33). As with PC2, apiculus color also exhibited 
the highest loading factor (0.45) in PC3, besides flag leaf 
attitude (0.41) and awning (0.39). Pallea and lemma color, 
pallea and lemma pubescence and culm strength at 

vegetative stage are three agro-morphological traits that 
contributed the most for variation in PC4 and PC5, which, 
respectively, explained 10.3% and 7.4% of total variances 
in the data set.  

The observed genetic variability of the tested rice 
accessions highlights their potential use as genetic 
resources to assemble new red and black upland rice 
variety that suits the consumer’s preference. The high 
genetic divergence among the tested rice accessions allows 
members of one cluster to be crossed with member of other 
clusters to generate heterotic traits in preferred qualitative 
characters.  

 
 
 

 
Figure 3. Dendogram of red and black upland rice accessions from ENT Province based on 24 qualitative agro-morphological traits  
 
 

 

A B 
Figure 4. Scatter plots showing distribution and traits contributed the most to the observed variances of red and black upland rice 
accessions from ENT Province. FLA = flag leaf attitude, Aw = awning, ApC = apiculus color), PLC = pallea-lemma color, GrTC = 
grain tip color, CSG = cum strength at generative stage. Note: A. PC-1 vs PC-2, B. PC-1 vs PC-3 
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Quantitative trait-based genetic diversity  

Almost all quantitative agro-morphological characters 
observed in the present study, except sterile lemma length, 
were significantly affected by the treatment, i.e. rice 
accession. We then used these observed traits in a cluster 
analysis to group the rice accessions based on their 
taxonomic groups. As with qualitative characters, cluster 
analysis based on quantitative characters showed a great 
variability among the tested rice accessions with a 
Euclidean distance of up to 112 (Figure 5).  

The 40 rice accessions were clustered into five main 
clusters when the taxonomic tree was truncated at 
Euclidean distance of 64 (Figure 5). Similar with grouping 
of the accessions using qualitative traits, the five clusters 
revealed by quantitative traits also comprised of various 
number of constituting members. The majority of tested 
rice accessions were grouped into clusters I and II, each 
consisted of 19 and 17 accessions, respectively. 
Interestingly, the cluster analysis revealed two single-
accessions clusters and another cluster consisted only of 
two local accessions. The local accession ISN-02 from 
TTU District constituted the single-accession cluster III 
while two local accessions from Southwest Sumba District, 
i.e. PK-01 and PKP-01 constituted cluster IV. At last, the 
check white rice variety, IR-20, formed the last cluster 
(cluster V). The grouping of either ISN-02 or IR-20 into 
separate cluster may likely to be due to its unique 
quantitative characters. The local accession ISN-02 is very 
unique in its large number of grain per panicle (220 grain) 
(Table 4) while the check variety IR-20 possesses unique 
characters in both plant height (Table 4) and number of 
grain per panicle (Table 5). Further truncation of the 
dendogram tree at Euclidean distance of 45 further divided 
cluster I into five sub-clusters and cluster II into three sub-
clusters. The grouping of local accessions PK-01 and PKP-
01 into the same cluster (cluster III) indicates their high 
similarities in the observed quantitative characters. The 
similar place of origin/collection of PK-01 and PKP-01 
(Southwest Sumba District) may be the likely indication 
that the two accessions are duplicate or may have derived 
from the same parental source.  

Upland rice accessions used in this study were 
collected from 11 Districts in four main islands (Flores, 
Timor, Sumba and Alor) of East Nusa Tenggara Province. 
The present study results, as described in Figure 4, revealed 
that the rice accessions were clustered in various sub-
clusters with mixed accession members from various 
district of origin except the clusters III and V that consisted 
only of a single accession. Accessions from the same 
district were not always grouped into the same cluster or 
sub-clusters, implying high quantitative trait diversity of 
red and black upland rice germplasm from ENT province. 
Similar results have been previously reported by other 
workers (do Nascimento et al. 2011; Rabara et al. 2014; 
Shinta et al. 2014). 

Principal component analysis employing quantitative 
data yielded 16 independent components that explained the 
total observed variance of 100%. About 88% of the total 

variances in the data set were explained by three principal 
components. The first component explained about 58.5% 
of the total variances while the second and third 
components accounted for, respectively, 20.6% and 9.3% 
of the total variances. Scatter plots of PCA analysis 
involving 16 qualitative traits of the rice germplasm are 
presented in Figure 6. 

PCA analysis results showed that number of grain per 
panicle (loading factor 0.91) is mostly responsible for 
maximum variability in PC1, which explained 58.5% of the 
total observed variation in the data set. In addition to 
number of grain per panicle, other factor that contributed to 
the variability in PC-1 was plant height at harvesting with a 
positive loading factor (0.31) and plant height at flowering 
(0.15). Four quantitative traits contributed the most for 
variability in PC-2, i.e. plant height at harvesting (0.67), 
plant height at flowering (0.50), flowering date (0.28) and 
harvesting date (0.18). In PC3, harvesting date, flowering 
date, number of grain per panicle and 100-seed weight 
exhibited the highest loading factors (0.71, 0.60, 0.16, 0.12, 
respectively), which explained about 9.3% of the total 
variances in the data set. 

Overall, the present study results revealed that red and 
black upland rice germplasm from ENT Province is 
genetically divergent in both qualitative and quantitative 
agro-morphological characters. The wide genetic diversity 
of red and black rices have been previously reported by 
other workers (do Nascimento, 2011; Kristamtini et al. 
2012; Mau et al. 2013; Rabara et al. 2014; Shinta et al. 
2014; Ahmad et al. 2015). This germplasm from ENT 
Province is an invaluable genetic resource that can be 
optimally used to assemble new improved red and black 
upland rice varieties to meet the breeding objectives. Based 
on the study results, a number of superior agro-
morphological traits can be selected from this germplasm, 
i.e. flag leaf attitude, plant height and maturity, number of 
productive tillers, panicle length, number of grain per 
panicle, grain size and shape, 100-seed weight and grain 
yield per-plant. Flag leaf attitude is an important trait as it 
determines the efficiency of photosynthesis, and hence the 
grain filling and grain yield (Rabara et al. 2014). Plant 
height and maturity are two important traits in crop 
improvement where shorter plant and shorter duration are 
mostly preferred by plant breeders. Number of productive 
tiller, number of grain per panicle and panicle length had 
been reported to be positively correlated with grain yield 
(Ahmad et al. 2015); therefore, these characters can be 
selected for production of high yielding red and black 
upland rice varieties. Wide variability of grain shapes and 
grain sizes observed in this germplasm are of important 
characters to meet the varying demand of rice consumers in 
rice shapes and sizes.  

In conclusion, based on the results of the present study, 
we draw several conclusions as follows: (i) red and black 
upland rice accessions from East Nusa Tenggara Province 
showed a high diversity in both qualitative and quantitative 
agro-morphological traits. (ii) Cluster analysis using 
qualitative data put the 40 rice accessions into four main
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Figure 5. Dendogram of red and black upland rice accessions from ENT Province based on 16 quantitative agro-morphological traits 
 
 
 

A B 
Figure 6. Biplots showing distribution of red and black upland rice accessions from ENT Province based on 16 quantitative traits. GrNP 
= grain number per panicle, PHH = plant height at harvesting, PHF = plant height at flowering stage, FD = flowering date, HD = 
harvesting date. Note: A. PC-1 VS PC-2, B. PC-1 VS PC-3 
 
 
 
 
 
 

clusters and 15 sub-clusters while the analysis using 
quantitative data grouped the accessions into five main 
clusters and 8 sub-clusters. (iii) Observed variances in 
qualitative data were mostly explained by flag leaf attitude, 
apiculus color, pallea-lemma color, grain tip color, and 
awning while that in quantitative data were mostly 
explained by number of grain per panicle, plant height at 
both flowering and harvesting, flowering date and 
harvesting date.  
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Abstract. Rezaei S, Nejadsattari T, Assadi M, Khavarinejad RA, Mehregan I. 2017. Study of glycyrrhizic acid contents from 
Glycyrrhiza glabra populations in Iran and their relation with environmental factors. Biodiversitas 18: 212-220. Glycyrrhizin 
(glycyrrhizic acid) is an important chemical composition of licorice (Glycyrrhiza glabra L.) from which is 50 times sweeter than 
sucrose. In this study, the amount of glycyrrhizic acid was determined in populations collected from 11 different locations in Iran (NW 
to NE) by HPLC method from two varieties of this species; Glycyrrhiza glabra varieties glabra and glandulifera. Our results showed 
the highest content of glycyrrhizic acid was from Naghadeh (NAQ, NW Iran) population for G. glabra var. glandulifera and Azadshahr 
population (AZD, NW Iran ) for G. glabra var. glabra. Lowest amounts of glycyrrhizic acid were detected in Jajrood (JAD, N Iran) 
population for G. glabra var. glandulifera and Hashtrud (HSD, N Iran) population for G. glabra var. glabra. Significant correlations 
were observed between the amount of glycyrrhizic acid and some morphometric parameters, soil and environmental factors. The amount 
of glycyrrhizic acid showed positive correlation with phosphorous (P ≤ 0.05 and R2 = 0.155) and negative correlation with pH (P ≤ 0.01 
and R2 = 0.348) and calcium carbonate (P ≤ 0.01 and R2 = 0.507). Higher temperature resulted in increasing the amount of glycyrrhizic 
acid. Based on morphometrical data, the plants with thinner rhizomes would have more glycyrrhizic acid. Our results also showed that 
glycyrrhizic acid content was not related to taxonomic classification of this species. 

Keywords: Ecological factors, glycyrrhizic acid, HPLC, licorice 

INTRODUCTION 

The genus Glycyrrhiza L. (Fabaceae; English: 
“liquorice” or “licorice”) consists of about 30 perennial 
species worldwide (Minglei et al. 2008). Liquorice has long 
been used as a medicinal herb against a wide range of 
diseases from the common cold to liver problems in both 
Eastern and Western medicine (Olukoga and Donaldson 
2000; Kokate et al. 2003). In 18th century Nepali 
philosopher Joseph Danzly introduced Licorice. Carl 
Linnaeus first introduced Glycyrrhiza with three species G. 
glabra L., G. echinata L. and G. hirsuta L. (Fiore et al. 
2005). It traditionally belongs to the tribe Astragalae of the 
subfamily Faboideae (Rechinger 1984). Glycyrrhizic acid, 
a triterpenoid saponin, is the most important phytochemical 
compound obtained from rhizomes and roots of 
Glycyrrhiza glabra L. (IHIDMA 2002). It has also been 
obtained from other species such as G. uralensis Fisch., G. 
inflata Batalin., G. aspera Pall., G. korshinskyi Grig. and 
G. eurycarpa P. C. Li., which are generally referred as 
licorice (Nomura and Fukai 1998; Ammosov and 
Litvinenko 2007). Glycyrrhiza glabra and G. uralensis are 
allowed to use as licorice and licorice powder (Komiyama 
2001). Rechinger introduced 6 species of Glycyrrhiza in his 
“Flora Iranica” (Rechinger, 1984). Glycyrrhiza glabra is 
usually represented by its two main varieties in Iran: 1) G. 
glabra var. glabra, known as “Persian or Turkish licorice” 
and 2) G. glabra var. glandulifera (Waldst. & Kit.) Boiss., 

known as “Russian licorice” (Fenwick et al. 1990; 
Nassiriasl and Hosseinzadeh 2008). 

The genus Glycyrrhiza includes rhizomatous perennial 
herbs with yellow or blue to mauve flowers. Leaves are 
imparipinnate, lanceolate and alternate with 4-7 paired plus 
a single terminal leaflets. The calyx is companulate, 
bilabiate and bearing glandular hairs. The bracts are small 
and caduceus. The fruit is a smooth, glandular or echinate 
legume. As the most-known species of the genus, G. glabra 
is a perennial herb, 30-60 cm height. The leaves are 
lanceolate in outline, with 5-9 pair elliptic leaflets. 
Inflorescence is 5-9 cm long raceme. Each flower has 5 
calyx teeth ca. 3 mm long and blue to violet corolla, 9-11 
mm long. The fruit is red-brown legume, 15-25 mm long 
and 4-5 mm in diameter, glandular (sometimes bristly) or 
eglandular (Davis 1965; Rechinger 1984).  

Different pharmacological activity had been recorded 
for Glycyrrhiza. It has been used against chronic hepatitis 
(Iino et al. 2001), as anti-inflammatory (Ohnishi et al. 
2011; Kim et al. 2012; Ni et al. 2013), anti-bacterial (Ates 
and Turgay 2003), antioxidant (Sheela et al. 2006; 
Amirghofran 2010; Fu et al. 2013), antitussive (Anderson 
and Smith 1961), antiulcer (Tsai and Chen 1991; Krausse 
et al. 2004), antifungal (Alonso 2004), antitumor (Sheela et 
al. 2006; Amirghofran 2010) and hepatoprotective 
(Dhiman and Chawla 2005; Kim et al. 2009). Glycyrrhizic 
acid is the major constituent of licorice root capsule (LRC) 
as a premium herbal dietary supplement, and is widely used 
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against digestion problem, as relieving stomach cramps and 
immune booster in China (Yang et al. 2012). Different 
analytical methods have been reported for measurement of 
glycyrrhizic acid in plant extracts including high 
performance liquid chromatography (HPLC) (Yang et al. 
2011; Seo et al. 2012), high performance thin layer 
chromatography (HPTLC) (Gantait et al. 2010), gas 
chromatography mass spectrometry (GC-MS) (Guillaume 
1999; Lisec et al. 2006), thin-layer chromatographic (TLC) 
(Yang et al. 1991; Faisal et al. 2009), and capillary 
electrophoresis (Chen and Sheu 1993). Amount of 
glycyrrhizic acid in the plant is highly variable (Xie et al. 
2010; Alam et al. 2014; Zhou et al. 2015). 

The aim of this study was to evaluate the amount of 
glycyrrhizic acid in different populations from two 
varieties of G. glabra (var. glabra and var. glandulifera)  

from northwestern and northeastern Iran and to determine 
any possible relationship between these amounts and 
different environmental or edaphic factors. 

MATERIALS AND METHODS 

Plant preparation 
Rhizomes (and roots) of Glycyrrhiza glabra were dug 

up from 11 different localities in northwestern, north and 
northeastern Iran where they grow wild in different 
ecological conditions (Figure 1 and Table 1). They were 
collected between June and November 2014. All of the 
samples were cleaned, cut into smaller pieces, then dried at 
the 25 degree centigrade (room temperature) and powdered 
using electric mill. 

 
 
 

 
 

Figure 1. Localities of collected plant materials examined in this study (abbreviations and more details in Table1) 
 
 
Table 1. List and localities of collected plant material examined in this study. For each population the scientific name of G. glabra 
variety (glabra or glandulifera) is given 
 

Pop. 
no. 

Pop. 
code 

Collection 
site Locality var. Lo. (°E) La.(°N) Alt. (m)

P1 AZD Azadshahr Iran: Golestan, 7 km to Azadshahr glabra 55.14 37.8 87 
P2 KAL Kalaleh Iran: Golestan, crossroad Mashhad-Kalale glabra 55.28 37.18 170 
P3 KSH Kashan Iran: Isfahan, Tehran to Isfahan road, 5 km to Kashan glandulifera 51.20 34.1 986 
P4 HSD Hashtrud Iran: East Azerbayjan, Hashtrud  glabra 47.2 37.24 1527 
P5 JAD Jajrood Iran: Tehran, Jajrood glandulifera 51.57 35.47 1672 
P6 DED Dizaj-e Dowl Iran: West Azerbayjan, 50 km to Naqadeh, Dizaj-e Dowl glandulifera 45.19 37.14 1320 
P7 ZNJ Zanjan Iran: Zanjan, 15km to Zarin abad glandulifera 48.155 36.330 1577 
P8 SOK Sorkheh Iran: Semnan, 15km to Semnan, Sorkheh glandulifera 53.05 35.25 1243 
P9 NAQ Naqadeh Iran: West Azerbayjan, Naqadeh glandulifera 45.33 36.58 1287 
P10 MAV Mavana Iran: West Azarbayjan, Mavana glandulifera 44.470 37.340 1591 
P11 ASD Asadabad Iran: Hamadan, 15km to Hamadan, Asadabad glandulifera 48.300 34.90 1870 
Note: Pop.: population, var.: variety, Lo.: longitude, La.: latitude, Alt.: altitude 
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Sample preparation 

In this step, 1g licorice powder being extracted with 50 
ml ethanol/water (30:70, v/v) dissolved and then resulted 
powder was put in the water bath at 50 ̊ C for 60 min. 40 ml 
from this extract was transferred into 50 ml falcons and 
then filtered by a 0.2 µm syringe filters (Minglei et al. 
2008). 

HPLC analysis 
High Performance Liquid Chromatography was 

performed on a Smartline® HPLC series (KNAUER, 
Germany) consisted of a Smartline® S-1000 pump, S-5000 
manager with degasser and a S-2500 programmable UV 
detector with column C18 (150 × 4.6 mm). The mobile 
phase was methanol/water (70:30, v/v, containing 1% 
acetic acid). Flow rate was adjusted at 1.0 ml/min. After 
sample filtration with 0.45 µm diameter filter, 20 µl of each 
sample was injected (three times for each sample). 

Standard curve preparation 
Glycyrrhyzic acid ammonium salt (Sigma-Aldrich) was 

used as the standard. After filtrations with 0.45 µm 
diameter filters, four different concentrations of 
Glycyrrhyzic acid ammonium salt (50, 100, 200 and 300 
ppm) were prepared and injected to HPLC apparatus. 

Soil analysis 
Soil samples from each population were collected at 20-

30 cm depth near the roots. Soil characters were 
determined using following different methods. The soil 
texture was determined using Bouyoucos Hydrometer 
Method (Gee and Bauder 1979). The acidity rate (pH) and 
the electrical conductivity (EC) were measured using a 
portable CPD-65N multi-meter (ISTEK, South Korea). 
Atomic absorption spectroscopy (AAS) was used for 
measuring the Ca2+, K+ and Na+ (Pybus et al. 1970). A 
modified Walkley and Black method was used to determine 
the amount of organic carbon (OC) content (Allison et al. 
1965). Chlorine in the soil was measured with Ion 
chromatography (IC) method (Khym 1974). Amount of 
CaCo3 as the total carbonates included in 100g of dry soil 
was determined using Calcimeter Bernard method. Olsen 
method was used for determination of Phosphor content 
(Nelson and Sommers 1982). Amount of Nitrogen was 
determined using Kjehdal method by converting the 
various nitrogen forms into NH4

+ (Bremner and Mulvaney 
1982). 

Ecological data 
The samples were taken from different localities (Table 

4) and their climate data including precipitation, average, 
maximum and minimum temperatures were taken from the 
website www.en.climate-data.org.  

Morphometrical analysis 
Seven morphological characters including length and 

width of the leaves and legumes, the number of seeds in 
each legume, seed and rhizome diameter (Table 5) were 
measured for at least five individuals from each population. 

The measurements were made using a digital Vernier 
caliper. 

Statistical analysis 
Resulted data were analyzed by SPSS v. 22 (IBM Inc, 

Chicago, IL). Kolmogorov-Smirnov test was performed to 
test the normality of frequency distributions. One-way 
ANOVA was used to compare the means of normal 
distributions. Duncan test was used to determine the 
differences in morphometrical data. Pearson’s correlation 
analysis was performed to determine the degree of 
correlation between different factors. Populations were 
classified using Hierarchical cluster analysis (HCA) with 
Average-linkage method and standard Euclidean 
coefficient. Principal component analysis (PCA) was 
carried out based on the relative contents of ecological and 
morphometry data from different populations as dependent 
variables (Farag et al. 2012).  

RESULTS AND DISCUSSION 

HPLC analysis 
Figure 2 shows the calibration curve made by plotting 

the different concentration of the standard glycyrrhizic acid 
mono ammonium salt. The HPLC chromatogram of the 
standard glycyrrhizic acid mono ammonium salt shows the 
maximum absorption at about 6th minutes after injection 
(Figure 3).  

As shown in Table 2 and Figure 4, the amount of 
glycyrrhizic acid were variable in different localities; the 
highest amount of glycyrrhizic acid in G. glabra var. 
glabra was observed in AZD population (231.63 mg/l) and 
the lowest amount was observed in HSD population 
(130.95 mg/l). For G. glabra var. gladulifera, the highest 
amount was recorded in NAQ population (1328.4 mg/l) 
and the lowest one was achieved in JAD (53.75 mg/l). 
Amount of Glycyrrrhizic acid contents in ZNJ (var. 
gladulifera) and AZD (var. glabra) were nearly equal. 
Terefore, we could not separate two varieties based on their 
amount of glycyrrhizic acid. 

Environmental data and soil analysis 
Results of soil analyses showed that the highest EC 

amount belonged to SOK populations (5.8 ms/cm, Table 3) 
and the lowest one belonged to ASD population (1.159 
ms/cm). HSD population demonstrated the highest pH 
amount (pH = 8.22) and MAV population showed the 
lowest amount (pH = 7.4). Most of localities had soil with 
clay-sand texture. SOK was interesting to show the highest 
amounts of Ca2+ (10.3 meq/lit), Na+ (25.9 meq/lit), Cl- 
(22.6 meq/lit) and the lowest amounts of OC (0.21%), N 
(0.029%) and P (3.12 ppm). HSD showed the highest 
amount of CaCo3 (17.8%) and the lowest amount of silt 
(15.3 %) (Table 3). 

The highest amount of average temperature was 
observed in KAL and AZD in N of Iran (> 28 °C) and the 
lowest one observed in KSH (13.1°C). MAV had the 
maximum annual precipitation (39.6 mm) and the lowest 
one observed in KSH (10.6 mm) (Table 4).  
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Figure 2. The calibration curve made by plotting the different 
concentration of the standard glycyrrhizic acid mono ammonium 
salt. 
 

 
 
Figure 4. The amount of glycyrrhizic acid in different 
papulations. 
 

 

 
Figure 3. Standard chromatogram of glycyrrhizic acid.  
 
 
 
Table 2. The amount of glycyrrhizic acid in different localities 
 
 AZD HSD KAL KSH ZNJ DED NAQ SOK MAV ASD JAD 
Variety Glb. Glb. Glb. Glf. Glf. Glf. Glf. Glf. Glf. Glf. Glf. 
Glycyrrhizic 
 acid 

231.63 
±21.4d 

130.95 
±7.5e 

211.37 
±77.7d 

437.9 
±42.3b 

221.41 
±9.95d 

328.5 
±13.2c 

1328.4 
±77.7a 

56.03 
±0.81f 

412.2 
±1.86b 

71.68 
±2.06e,f 

53.75 
±3.64f 

Note: Glb.: Glycyrrhiza glabra var. glabra. Glf.: var. glandolifera. AZD: Azadshahr, KAL: Kalaleh, KSH: Kashan, HSD: Hashtrud, 
JAD: Jajrood, DED: Dizaj-e Dowl, ZNJ: Zanjan, SOK: Sorkheh, NAQ: Naqadeh, MAV: Mavana, ASD: Asadabad. a,b,c,d,e,f: Means in the 
same column with different superscripts differ (P ≤ 0.05) 
 
 
 
Table 3. Results of analyses of soils collected from different localities 
 

Pop. code Ec 
 (ms/cm) pH Ca2+

 (meq/lit) 
Na+ 

 (meq/lit) 
Cl-

 (meq/lit)
CaCo3  

% 
Sand 

% 
Silt 
% 

Clay 
% Texture OC 

% 
N 
% 

P 
 (ppm)

K 
 (ppm)

AZD 1.64 8.05 3.4 8.6 7.4 15.9 37.8 35.3 26.9 Clay silt 0.48 0.053 5.17 251.8 
KAL 3.27 8.02 6.9 12.7 6.4 15.5 33.8 51.3 14.9 Clay silt 0.52 0.063 7.82 235.3 
KSH 1.951 7.9 3.5 8.3 7.8 14.8 53.8 27.3 18.9 Claysand 0.34 0.038 3.78 141.2 
HSD 2.93 8.22 4.1 15.7 13.4 17.8 77.8 15.3 6.9 Sandclay 0.26 0.034 3.55 178.2 
JAD 1.188 7.91 1.5 5.1 6 16.9 61.8 19.3 18.9 Claysand 0.45 0.051 4.82 241.9 
DED 1.765 7.81 3.1 7.9 6.2 13.4 65.8 27.3 6.9 Claysand 0.42 0.051 7.07 184.3 
ZAJ 1.873 7.9 4 8.5 7 16.3 73.8 19.3 6.9 Claysand 0.31 0.039 5.11 223.2 
SOK 5.8 8.06 10.3 25.9 22.6 16.1 65.8 27.3 6.9 Claysand 0.21 0.029 3.12 189.2 
NAQ 3.09 7.6 7.8 13.5 10.8 12.8 73.8 21.3 4.9 Sandclay 0.38 0.045 6.51 211.9 
MAV 1.52 7.4 3.2 7.8 5.8 13.5 77.8 15.3 6.9 Sandclay 0.51 0.059 7.02 255 
ASD 1.159 7.91 2.2 6.1 7.6 15.2 53.8 31.3 14.9 Claysand 0.39 0.041 4.19 202.5 
Note:Pop.: Papulation, AZD: Azadshahr, KAL: Kalaleh, KSH: Kashan, HSD: Hashtrud, JAD: Jajrood, DED: Dizaj-e Dowl, ZNJ: 
Zanjan, SOK: Sorkheh, NAQ: Naqadeh, MAV: Mavana, ASD: Asadabad 
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Morphometric features 

Morphometric data including the means and standard 
deviations for length and width of the leaves, length and 
width of the legumes, number of seeds per legume and seed 
diameter are shown in Table 5. Duncan test showed that the 
highest and the lowest amounts of rhizome diameter were 
observed in SOK (5.03±0.03) and DED (3.16±0.01), 
respectively. ZAJ population had the longer leaves 
(37.14±2.15) and the shorter ones were recorded in JAD 
(28.36±1.98). The higher amounts of leaf width were 
observed in MAV population (15.56±1.12) and the lower 
amounts were observed in JAD (4.53±1.20). The longer 
legumes were observed in SOK (31.29±1.13) and the 
broader legumes were recorded in DED (6.81±0.62). MAV 
population had the shorter legumes (14.70±1.14) and the 
thinner legumes were recorded in JAD population 
(4.75±0.45). ZAJ population showed the higher amounts of 
seed diameter (3.46±0.35) and ASD population showed the 
lower amounts (2.45±0.13). The wider rhizomes were 
observed in SOK population (5.03±0.03) and the thinner 
rhizomes observed in DED population (3.16±0.01).  

Statistical analysis 
Different values for the correlation between 

glycyrrhizic acid content and soil components were 
observed (Table 6). Based on the results, there are 
significant correlations between some soil compounds with 
the content of Glycyrrhizic acid. Glycyrrhizic acid content 
showed positive correlation with P (P ≤ 0.05, R2 = 0.155) 
and negative correlation with pH (P ≤ 0.01 and R2 = 0.348) 
and CaCo3 (P ≤ 0.01 and R2 = 0.507). Glycyrrhizic acid 
content showed negative correlation with rhizome diameter 
(P ≤ 0.01 and R2 = 0.222), average (P ≤ 0.05, R2 = 0.123) 
and maximum temperature (P ≤ 0.05, R2 = 0.135) and 
positive correlation with annual precipitation (P ≤ 0.01 and 
R2 = 0.128) and collecting time (P ≤ 0.01 and R2 = 0.213). 
There was no significant correlation between glycyrrhizic 
acid content and its taxonomy. Taxonomy of G. glabra 
showed positive correlation with altitude (P ≤ 0.01 and R2 = 
0.457) and negative correlation with average (P ≤ 0.01 and 

R2 = 0.131) and minimum temperature (P ≤ 0.01 and R2 = 
0.202) (Table 7).  

As seen in Table 8, leaf width, legume length, seed and 
rhizome diameters showed correlation with soil texture (P 
≤ 0.01 and P ≤ 0.05); leaf width negatively correlated with 
soil texture (P ≤ 0.05 and R2 = 0.143), legume length 
showed correlations with all soil factors (P ≤ 0.01 and P ≤ 
0.05) and leaf length and seed diameter didn’t show any 
correlation with soil factors. Table 9 represents the 
correlation between morphometrical data and ecological 
factors. Based on achieved results, rhizome diameter 
showed negative correlation with collection date (P ≤ 0.01 
and R2 = 0.389) and annual precipitation (P ≤ 0.01 and R2 = 
0.394). Average (P ≤ 0.05, R2 = 0.123) and maximum 
temperature (P ≤ 0.05, R2 = 0.150) observed positive 
correlation with rhizome diameter. Width of the leaf and 
legume showed positive correlation with collection date 
and annual precipitation (P ≤ 0.01 and P ≤ 0.05). 

 
Table 4. Environment data for the localities of collected samples of 
G. glabra. 
 
Loc. Collecting 

time 
Ann. 
pptn. 
(mm) 

Av. 
temp. 
(°C) 

Max 
temp. ( 
°C) 

Min 
temp. 
(°C) 

AZD Aug. 31.5 28.4 34.7 22.1 
KAL Aug. 26.25 28.5 35.2 21.9 
KSH Nov. 10.6 13.1 19.1 7.2 
HSD Sep. 29.3 18.1 26.6 9.7 
JAD Jun. 13.6 23.5 31.8 15.2 
DED Sep. 33.25 19.9 27.8 12 
ZNJ Sep. 34.91 19.8 29.0 10.6 
SOK Jun. 10.75 27.8 35.9 19.7 
NAQ Sep. 37.16 20.1 28.3 11.9 
MAV Sep. 39.6 19.9 27.5 12.4 
ASD Jul. 34.6 25.4 35.1 15.7 
Note: Loc.: locality, Ann. pptn.: annual precipitation, Av. temp.: 
average temperature AZD: Azadshahr, KAL: Kalaleh, KSH: 
Kashan, HSD: Hashtrud, JAD: Jajrood, DED: Dizaj-e Dowl, ZNJ: 
Zanjan, SOK: Sorkheh, NAQ: Naqadeh, MAV: Mavana, ASD: 
Asadabad

 
 
 
Table 5. Morphometrical features of different populations of G. glabra 
 

Pop. Leaf length Leaf width Legume 
length 

Legume 
width

Seed 
diameter

The number of seeds 
in each legume 

Rhizome 
diameter

AZD 34.12±2.30a,b,c 11.65±0.81c,d 22.92±2.68b,c 5.76±0.18b,c 2.68±0.36c 4.20±1.09b 3.59±0.01e 
KAL 33.97±0.25b,c 13.95±0.59b 16.09±4.38e 5.59±0.25b,c,d 2.80±0.27c 2.00±1.44c 3.49±0.01f 
KSH 37.14±2.15a,b 9.61±0.55e 16.05±2.65e 5.04±0.18e,d 2.72±0.23c 3.00±1.00b,c 3.58±0.01e 
HSD 31.39±3.64c,d 13.42±1.22b 25.47±2.01b 6.24±0.38a,b,c 2.87±0.26c 6.60±1.14a 3.64±0.01d 
JAD 28.36±1.98d 4.53±1.20f 15.54±4.31e 4.75±0.45e 2.94±0.40b,c 3.60±0.89b,c 4.11±0.20b 
DED 30.83±1.23c,d 12.54±1.10b,c 17.32±4.21e,d 6.81±0.62a 2.72±0.27c 3.00±1.87b,c 3.16±0.01h 
ZAJ 37.33±1.10a 13.47±1.85b 21.77±3.88b,c,d 5.67±0.75b,c,d 3.46±0.35a 3.40±1.81a,b 4.00±0.19c 
SOK 31.71±1.66c,d 9.96±1.72e 31.29±1.13a 6.14±0.18a,b,c 2.65±0.25c 6.80±0.837a 5.03±0.03a 
NAQ 36.62±1.98a,b 13.10±1.01b,c 19.74±3.55c,d,e 5.80±0.88c,b 3.36±0.76a,b 2.40±1.14b,c 3.29±0.02g 
MAV 33.69±1.64b,c 15.56±1.12a 14.70±1.14e 5.55±0.51c,d 2.64±0.22c 3.20±0.837b,c 3.48±0.20f 
ASD 37.12±5.19a,b 10.68±1.05d,e 17.74±6.90e,d 6.29±0.57a,b 2.45±0.13c 3.60±2.30b,c 3.58±0.01e 
Note: Pop.: population, AZD: Azadshahr, KAL: Kalaleh, KSH: Kashan, HSD: Hashtrud, JAD: Jajrood, DED: Dizaj-e Dowl, ZNJ: 
Zanjan, SOK: Sorkheh, NAQ: Naqadeh, MAV: Mavana, ASD: Asadabad.The descriptive statistics are presented in terms of the mean ± 
SD. Mean values with the same letters indicate homogeneous subsets for P ≤ 0.05 according to Duncan test. .a,b,c,d,e,f,g,h Means in the 
same column with different superscripts differ (P ≤ 0.05) 
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Table 6. Correlation between soil compounds and and the amount of glycyrrhizic acid  
 

Parameter Soil 
texture pH EC Na Ca Cl K P OC N CaCO3

Glycyrrhizic 
acid

Soil texture 1 0.241 0.732** 0.714** 0.608** 0.786** -0.488** -0.565** -0.619** -0.600** 0.112 -0.171 
PH 0.241 1 0.316 0.354* 0.110 0.381* -0.308 -0.560** -0.440* -0.422* 0.817** -0.590** 
EC 0.732** 0.316 1 0.982** 0.943** 0.890** -0.260 -0.236 -0.568** -0.436* 0.129 0.043 
Na 0.714** 0.354* 0.982** 1 0.894** 0.940** -0.274 -0.330 -0.636** -0.514** 0.194 0.005 
Ca 0.608** 0.110 0.943** 0.894** 1 0.757** -0.134 -0.020 -0.409* -0.282 -0.105 0.298 
Cl 0.786** 0.381* 0.890** 0.940** 0.757** 1 -0.369* -0.584** -0.779** -0.715** 0.269 -0.071 
K -0.488** -0.308 -0.260 -0.274 -0.134 -0.369* 1 0.511** 0.667** 0.684** -0.006 -0.040 
P -0.565** -0.560** -0.236 -0.330 -0.020 -0.584** 0.511** 1 0.771** 0.864** -0.614** 0.393* 
OC -0.619** -0.440* -0.568** -0.636** -0.409* -0.779** 0.667** 0.771** 1 0.972** -0.379* 0.101 
N -0.600** -0.422* -0.436* -0.514** -0.282 -0.715** 0.684** 0.864** 0.972** 1 -0.369* 0.108 
CaCo3 0.112 0.817** 0.129 0.194 -0.105 0.269 -0.006 -0.614** -0.379*  1 -0.712** 
Glycyrrhizic 
acid 

-0.171 -0.590** 0.043 0.005 0.293 -0.071 -0.040 0.393* 0.101 0.108 -0.712** 1 
 

Note: *Significant difference in α = 5%, ** Significant difference in α = 1%, minus sign shows the negative correlation between data’s 
and plus sign shows positive correlation. 
 
 
Table 7. Correlation coefficient between climatic conditions, morphometric factors and glycyrrhizic acid 
 

Parameter Loc. Alt. Rhizome 
diam. 

Collecting 
time

Ann. 
Pptn. Av. temp Max 

temp
Min 
temp Taxonomy  Glycyrrhizic 

acid
Loc. 1 --0.384* -0.536** 0.283 0.119 0.013 -0.070 0.096 0.000 0.494** 
Alt. -0.384* 1 0.154 -0.123 0.120 -0.418* -0.222 -0.598** 0.676** -0.043 
Rhizome diam. -0.536** 0.154 1 -0.624** -0.628** 0.351* 0.387* 0.294 0.189 -0.471** 
Month 0.283 -0.123 -0.624** 1 0.253 -0.786** -0.849** -0.678** -0.026 0.462** 
Ann. Pptn. 0.119 0.120 -0.628** 0.253 1 -0.009 0.066 -0.086 -0.096 0.358** 
Av. temp. 0.013 -0.418* 0.351* -0.786** -0.009 1 0.974** 0.972** -0.362** -0.351* 
Max temp. -0.070 -0.222 0.387* -0.849** 0.066 0.974** 1 0.894** -0.262 -0.368* 
Min temp. 0.096 -0.598** 0.294 -0.678** -0.086 0.972** 0.894** 1 -0.449** -0.316 
Taxonomy  0.000 0.676** 0.189 -0.026 -0.096 -0.362** -0.262 -0.449** 1 0.222 
Glycyrrhizic acid 0.494** -0.043 -0.471** 0.462** 0.358** -0.351* -0.368* -0.316 0.222 1 
Note: Loc.: locality, Alt.: Altitude, Ann. Pptn.: annual precipitation, Av. temp: average temperature  
*Significant difference in α = 5%, ** Significant difference in α = 1%, minus sign shows the negative correlation between data and plus 
sign shows positive correlation.  
 
 
Table 8. Correlation coefficient between some morphometry elements and soil factors 
 

Factors Texture pH Ec Na Ca Cl K P Oc N CaCo3 Taxonomy 
Leaf length -0.120 -0.121 -0.168 -0.177 -0.017 -0.170 -0.082 -0.015 -0.005 -0.085 -0.198 0.044 
Leaf width -0.378* -0.299 -0.012 0.020 0.119 -0.177 0.144 0.509** 0.175 0.266 -0.358* -0.275 
Legume length 0.553** 0.470** 0.693** 0.724** 0.613** 0.727** -0.128 -0.412* -0.585** -0.505** 0.358* -0.187 
Legume width 0.099 0.010 0.332 0.385* 0.380* 0.288 -0.302 0.103 -0.281 -0.215 -0.313 -0.166 
Seed 0.373* 0.538** 0.470** 0.561** 0.272 0.619** -0.223 -0.546** -0.577** -0.519** 0.566** -0.285 
Seed diameter -0.184 -0.120 -0.150 -0.186 -0.150 -0.114 0.181 -0.019 0.048 0.044 0.159 0.255 
Rhizome diam. 0.748** 0.383* 0.611** 0.617** 0.447** 0.725** -0.043 -0.621** -0.586** -0.553** 0.538** 0.189 
Note: Pearson’s correlation coefficient is indicated with level of significance (P ≤ 0.05 and P ≤ 0.01). Negative and positive correlation 
between factors are shown by minus and plus sign. **Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at 
the 0.05 level (2-tailed) 

 
 
Table 9. Correlation coefficient between some morphometry elements and soil factors 
 

Factors Alt. Collecting time Ann. pptn. Av. Temp. Min temp. Max temp. 
Rhizome diameter 0.154 -0.624** -0.628** 0.351* 0294 0.387* 
Leaf length -0.064 0.337 0.272 -0.134 -0.138 -0.124 
Leaf width -0.136 0.511** -0.744** -0.141 -0.132 -0.139 
Legum length -0.233 -0.241 -0.313 0.270 0.271 0.252 
Legum width -0.131 0.388* -0.477** -0.057 -0.064 -0.045 
Seed 0.025 -0.190 -0.329 0.038 0.025 0.050 
Seed diameter 0.343 -0.243 -0.227 -0.154 -0.209 -0.095 
Note: Alt: Altitude, Ann. pptn: annual precipitation, Av. temp: average temperature. Pearson’s correlation coefficient is indicated with 
level of significance (P ≤ 0.05 and P ≤ 0.01). Negative and positive correlation between factors are shown by minus and plus sign. 
**Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed) 
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Figure 4. Dendrogram obtained by the hierarchical cluster 
analysis of the amounts of glycyrrhizic acid and morphometrical 
data. 

 
 

 
Figure 5. Principal component analysis (PCA) of the 
morphometrical data and amounts of glycyrrhizic acid. 
Abbreviation of the names are described in Table 1. 
 
 
Table 10. Component matrix of principal components analysis 
(PCA) of the morphometry and amount of glycyrrhizic acid from 
different populations of G. glabra 
 

Factors Component 
1 2 3 

Leaf width 0.790 0.319 -0.320 
Leaf length 0.730 0.049 0.457 
Legum width 0.690 0.651 -0.181 
Glycyrrhizic acid 0.610 -0.221 0.539 
Legum length -0.288 0.883 0.232 
The number of seeds in 
each legume 

-0.487 0.832 -0.055 

Rhizome diameter -0. 713 0.508 0.327 
Seed diameter -0.726 -0.577 0.015 

The dendrogram achieved from Hierarchical cluster 
analysis (HCA) of the relative contents of the glycyrrhizic 
acid and morphometrical data (Figure 4) showed that 11 
populations of G. glabra were divided into two main 
clusters in average distance value (ADV) of 25: cluster A2 
including NAQ and cluster A1, which is then divided into 
two sub-clusters at ADV 2. These are: sub-cluster B2 
including KAS, MAV, DED and sub-cluster B1 including 
other populations. 

The graph obtained from principal components analysis 
(PCA) of the morphometry and amount of glycyrrhizic acid 
(Figure 5) indicated that 11 populations of G. glabra were 
placed into three groups; group 1 including NAQ, group 2 
containing JAD and group 3 including other populations. 
Based on Table 10, leaf dimension are effective factors in 
separating different populations of G. glabra. 

Discussion 
The amount of secondary metabolites from the roots of 

licorice depended on the growing conditions (Zhang et al. 
2011). Analyses of populations belonging to two varieties 
of Glycyrrhiza glabra, collected from 11 locations in Iran 
showed different amounts of Glycyrrhizic acid. In G. 
glabra var. glabra the highest content of glycyrrhizic acid 
was from AZD population and HSD population showed the 
lowest amount. In G. glabra var. glandulifera the lowest 
and highest content of glycyrrhizic acid were recorded in 
KSH and NAQ populations, respectively. The amount of 
glycyrrhizic acid for SOK, JAD, KAL and AZD showed 
similar amounts, may be related to the similar environment 
they have. Fenwick et al. (1990) showed the amount of 
glycyrrhizic acid was related to the varieties, location and 
collecting time. In contrast, we observed no correlation 
between the amount of glycyrrhizic acid and taxonomy. 
The amounts of glycyrrhizic acid was correlated with 
location and collecting time in our study. The amount of 
glycyrrhizic acid contents showed positive correlation with 
P and negative correlation with pH and CaCO3 (Table 6). 
In fact, the amount of glycyrrhizic acid is decreasing with 
higher pH,. Zhang et al. (2011) showed that the amount of 
glycyrrhizic acid in Glycyrrhiza uralensis in north China 
was closely related to the amount of soil P and K, but soil 
pH showed no significant correlation. According to 
Hosseini et al. (2014) and Oloumi and Hassibi (2011), 
there were no significant correlation between the amount of 
Glycyrrhic acid and edaphic factors. We had a broader 
geographical sampling in this study. 

Based on our results, the amount of glycyrrhizic acid 
content is negatively related with maximum and average 
temperature and represented positive relation with annual 
precipitation. Similarly, high precipitation and low 
temperature (maximum and average) resulted in higher 
amount of glycyrrhizic acid content. Hosseini et al. (2014) 
and Kriker et al. (2013) represented that temperature and 
precipitation were effective factors on glycyrrhizic acid 
content. Similar to our results, positive correlation between 
annual precipitation and glycyrrhizic acid content in G. 
uralensis was reported from China (Zhang et al. 2011). 
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According to the morphometrical analysis, thinner 
rhizomes from Glycyrrhiza glabra, showed higher amount 
of glycyrrhizic acid contents (Table 7). Similar results 
achieved by Usai et al. (1995) and Bolouri Moghaddam et 
al. (2009). On the other hand, annual precipitation showed 
negative correlation with rhizome diameter. In rhizomes 
with higher diameter, cortex and epiderm were replaced 
with cork tissue. Whereas the glycyrrhizic acid is produced 
in parenchyma tissues. Increasing in rhizome diameter 
therefore results in decreasing parenchyma tissue (Bolouri 
Moghaddam et al. 2009).  

Our results indicated that G. glabra var. glabra is found 
in locations with lower altitude and higher temperature. 
And conversely G. glabra var. glandulifera is founds in 
regions with higher altitude and lower temperature. 
According to the Figure 4 and 5, NAQ population 
separated from other populations because of the highest 
amount of glycyrrhizic acid contents. Not only glycyrrhizic 
acid contents, but also PCA and HCA could not separate 
two varieties of G. glabra. In Figure 4 (PCA) papulations 
divided to 2 main clusters (A1, A2) that this division has 
been based on the amount of Glycyrrhizic acid. The second 
cluster (A2) was divided into two clusters that could not 
separate two varieties, although MAV and DED showed 
similar ecological factors and other populations of different 
varieties were grouped together. These results showed that 
morphometrical factors and the amount of glycyrrhizic acid 
could not separate two varieties. Analyses of the chemical 
components and morphometrical factors released same 
results and could not separate two varieties. 

It seems that the contents of glycyrrhizic acid depend 
on the soil composition and the environmental factors. The 
amount of glycyrrhizic acid content was increased in the 
soils with lower pH, more P and CaCo3. Collecting time 
and temperature also affected the content of Glycyrrhizic 
acid. Higher temperature positively affected the amount of 
glycyrrhizic acid content. The plants with thinner rhizomes 
had higher amount of glycyrrhizic acid content. In addition, 
there is no correlation between the taxonomy and the 
amount of glycyrrhizic acid content.  
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Abstract. Inyod I, Sassanarakit S, Payapanon A, Keawsompong S. 2017. Morphological characteristics and molecular identification of
a wild Thai isolate of the tropical mushroom Hed Taen Rad (Macrocybe crassa). Biodiversitas 18: 221-228. Hed Taen Rad or
Macrocybe crassa is a wild edible mushroom found in Thailand. It has a large fruiting body with a meaty texture and a delicious taste.
Five strains of Hed Taen Rad; DOA, DOA-1, DOA-4, DOA-7 and DOA-10 were tested in different media, pH values and temperatures
to measure mycelium growth kinetics and identify mycelia and basidiomata. Results indicated that mushroom mycelial growth rates
were highest on MEA medium at pH values between 8 and 10, and temperatures between 20°C and 30°C. Identification of the isolates
was based on the morphology characteristics of the basidiomata were closely similar to M. crassa (Berk.), and different from M.
gigantea (Massee). For molecular analysis by sequencing of their internal transcribed spacer (ITS) regions was identified as a T.
giganteum since limited ITS rDNA sequences from M. crassa exist in public databases. Therefore, the identification of five strains of
Hed Taen Rad using molecular methods could be erroneous. Therefore, morphology characteristics study is suitable for further analysis
method on genetic study of Hed Taen Rad.

Keywords: Hed Taen Rad, Macrocybe crassa, molecular analysis, morphological characteristics

INTRODUCTION

Wild mushrooms are becoming more important in our
diet for their nutritional, organoleptic and pharmacological
characteristics (Solak et al. 2006; Diez and Alvarez 2001).
Hed Taen Rad (Macrocybe crassa or Tricholoma crassum)
can be found throughout Thailand and in neighboring
countries. It has different names depending on location
such as Hed Tub Tao Khaow (Central region), Hed Jun
(Northern), and Hed Taen Had or Hed Yai (Northeastern)
(Petcharat 1996). Hed Taen Rad is usually found on ground
with leaf accumulation, and in forests or mountainous
areas. More fruiting bodies are found during the rainy
season, with average relative humidity of 70% and
temperature range 28-30C. Natural M. crassa is generally
rather expensive and rare, because it is usually found only
once a year, particularly in the rainy season (Teaumroong
et al. 2002).

Payapanon and Srijumpa (2008) reported that 10
isolates of Hed Taen Rad were collected between 2005 and
2006, and five isolates were obtained in 2007 from their
natural habitats in the Northern, Northeastern, Central,
Eastern and Southern areas of Thailand. They were
classified into three morphological groups based on the
diameter of the pileus and their stipe length ratio.
Chingdaung et al. (1986) reported that most strains from
various sources including Chiang Mai and Kanchanaburi
Provinces had a medium-sized cap and caespitose
basidiomata. Compared to strains collected from Chonburi

and Tak Provinces, the fruiting bodies occurred singly, and
strains from Tak Province had the smallest pileus. Petch
(1912) noted that a revised account of T. crassum (Berk.)
Sacc., was based on material collected in the Kandy
District of Central Province, Sri Lanka. He placed another
species that was also described from Sri Lanka, T.
pachymeres (Berk. & Broome) Sacc., in synonymy. This
caused confusion between the two species that has
persisted to this day. Therefore, an advanced method needs
to be developed for the identification of many mushroom
species.

Several recent studies have shown that molecular
identification can be successfully used for fungi (Arnold et
al. 2007; Ligrone et al. 2007; Morakotkarn et al. 2007). In
the biotechnological field, molecular genetic markers have
been applied for rapid identification of different kinds of
mushrooms (Froslev et al. 2007). The combination of
morphological studies and molecular phylogenetic analysis
is, therefore, a good tool to identify mushroom species.
Accurate taxonomic identification and phylogenetic
classification of mushrooms would be helpful in various
mushroom species and could assist information transfer for
genetic engineering or commercial cultivation of important
species in the future (Mello et al. 2006).

The objectives of this study combined morphological
classification and analysis of phylogenetic relationships
within species, based on the sequences of their internal
transcribed spacer (ITS) region to resolve the taxonomy of
M. crassa in Thailand.
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MATERIALS AND METHODS

Mushroom isolates
Five significantly high production yield isolates: DOA,

DOA-1, DOA-4, DOA-7 and DOA-10 were obtained from
the Department of Agriculture, Ministry of Agriculture and
Cooperatives, Bangkok, Thailand. All isolates were
collected from their natural habitats in the Northern,
Northeastern, Central, Eastern and Southern areas of
Thailand. Pure cultures were transferred into PDA slants
and maintained at room temperature.

Morphological analysis
Morphological study of mycelia

Mycelial discs of each isolate were collected from the
edges of actively growing colonies, placed onto a suitable
medium in 90 mm Petri dishes and incubated at room
temperature (28-30°C). Colony morphology was observed
after 7 days incubation at room temperature and the
characteristics of the fungi and other biological features
were recorded, measured and photographed under a
compound microscope. At least 50 characteristics were
examined for each isolate.

Growth of mushroom mycelia on different media and pH levels
Factorial experiments were conducted in completely

randomized design (CRD) with four replications. Factor A
used media types of potato dextrose agar (PDA), corn meal
agar (CMA), coconut water agar (CWA), malt extract agar
(MEA), V-8 juice agar and glucose peptone agar. Factor B
used media pH levels as follows: pH 4, 5, 6, 7, 8, 9, and 10.
All media were prepared separately and adjusted to pH
levels with either HCl or NaOH. All five isolates of M.
crassa were cultured on PDA for 7 days, and then agar
plugs were cut from actively growing colony margins with
a cork borer and transferred to the middle plate in each
tested media and pH level. The inoculated plates were
measured to obtain data on colony diameters (cm) and
mycelial density. The data were analyzed for variance by
Duncan’s multiple range test (DMRT) at P = 0.05.

Effect of temperature levels on mycelium growth
Experiments were conducted using CRD with four

replications. All five isolates were grown on suitable media
at room temperature for 5 days. Five-millimeter diameter
agar plugs were removed with a sterile cork borer from the
leading edge of colonies, and one plug was placed on plates
containing 20 ml of medium. MEA was prepared and
adjusted to pH 4, 5, 6, 7, 8, 9, and 10 and also evaluated at
temperatures of 15, 20, 25, 30, 35, and 40C. The
inoculated plates were checked to obtain data on colony
diameters (cm) and mycelial density. The data were
analyzed for variance by DMRT at P = 0.05.

Morphological characterization of basidiomata
The macroscopic characteristics of the basidiomata

collected from each isolate were recorded, following the
technique of Largent (1977). For microscopic analysis, the
dry materials were rehydrated in 70% ethanol, followed by
either 5% KOH or Melzer’s reagent (Largent et al. 1977).

The basidiocarps were rehydrated by soaking in water for
10 min before analyzing their morphology. Qualitative
characteristics such as the color and shape of the pileus,
color of stipes, and color of mushroom spore print were
evaluated by eye. For microscopic characteristics, free-
hand transverse sections 0.1 mm thick were made from
rehydrated basidiocarps using a sharp surgical blade. The
sections were immersed in a diluted solution of methyl blue
stain and left for 10 min. The thinnest sections were
selected, placed on glass slides and covered with cover
slips. Low-power (×40) objectives of a standard light
microscope were used to observe the basidia in the
sections; colors and sizes of the basidiospores were also
determined.

Molecular identification of Hed Taen Rad
DNA extraction

Basidiospores were suspended in sterile distilled water
and counted with a hemocytometer. Spore concentrations
were adjusted to 105 spores per ml. About 20,000 spores
were inoculated onto PDA medium and incubated at 25°C.
Basidiospore germinations were observed with a compound
microscope, and the colony of each isolate was transferred
onto new PDA medium and used for DNA analysis. The
mycelium was harvested by filtration through filter paper.
DNAs were extracted following the protocols of Lee and
Taylor (1990) with some modifications. Extraction buffer
(1% CTAB, 0.7 M NaCl, 50 mM Tris-HCl, 10 mM EDTA,
pH 8) was added to the fungal samples. The mycelium was
frozen with liquid nitrogen and ground to a fine powder.
The volume was then adjusted by adding 700 μL of
extraction buffer, mixed by inverting the tubes and
incubated at 65C for 1 hour. Samples were centrifuged at
12,000×g for 10 min at 25C. The upper liquid phase was
transferred to a new microcentrifuge tube containing 7.5 M
ammonium acetate and DNA was precipitated by ethanol.
The pellet was redissolved in 50 μL of TE buffer (10 mM
Tris-HCl, pH 8.0; 1 mM EDTA pH 8.0).

Polymerase Chain Reaction (PCR) amplification
Polymerase Chain Reaction (PCR) amplification

products for sequencing the ITS region were obtained using
two pairs of universal primers ITS5 and ITS4 (White et al.
1990). Amplification was performed in a 50 μL reaction
mix: 10 mM of each dNTP (1 μL), 10 μM of each primer
(1 μL), 10% of dilution buffer (5 μL), 25 mM of Mg (5
μL), 4 M of enhancer (5 μL) and 60-62% of sterile distilled
water (30.8 μL). Then, 0.2 μL of the Taq DNA polymerase
kit from FERMENTAS and 10-50 ng of genomic DNA
template (1 μL) was carried out using a PCR Model MJ
Research DYAD ALD in a 200 μL reaction tube.
Amplified products were checked by electrophoresis in 1%
agarose gels with 0.003% ethidium bromide in 0.5×TBE
buffer.

DNA purification and sequencing
PCR products were purified using a NucleoSpin®

Extract Kit (Macherey-Nagel, Germany). The PCR
products were sequenced by Macrogen. Inc. in Korea with
the same primers used in the PCR amplification.
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Phylogenetic relationship analysis
To determine the phylogenetic relationships, sequence

analysis of the ITS regions of the rDNA repeats were
performed and data compared to related species retrieved
from GenBank. For each fungal isolate, sequences
generated from the ITS/5.8 gene together with a reference
sequence obtained from GenBank were aligned using
CLUSTALX (1.83) (Thompson et al. 1997). Bioedit (Hall
1999) was used to obtain an assembled sequence.
Alignment was manually adjusted to allow maximum
alignment and minimize gaps. Phylogenetic analyses were
based on maximum parsimony (MP) performed for the ITS
in PAUP*4.0b10 (Swofford 2002). Clade stability was
assessed by a bootstrap analysis with 1000 replicates, each
with ten replicates of random stepwise addition of taxa.

RESULTS AND DISCUSSION

Morphological analysis
Morphological study of mycelia

Mycelium growth of all five isolates was circular in
shape on PDA. The colonies had white irregular edges,
were flattened and thick, and grew over the full PDA plates
within 10-18 days. Under a compound microscope, the
hyphae were hyaline and septate with many clamp
connections. Hypha width varied from 2-6 μm.

Different media including PDA, CMA, CWA, MEA, V-
8 juice agar and glucose peptone agar with different pH
levels were used for culturing all five strains of Hed Taen
Rad. Results revealed that the rate of mycelial development
was affected by both the culture medium and pH, with
significant differences between the acidic and alkaline

treatments. The best mycelial growth was found on MEA
medium at pH 8, 9, and 10 with very abundant mycelial
density (Figure 1). Results showed that the mycelium of
almost all strains of Hed Taen Rad presented a growth of
8.50 cm (fully colonized by mushroom mycelium in Petri
dishes) for 12 days. Nasim et al. (2001) reported that the
mycelial growth of Pleurotus ostreatus, varieties sajor-
caju, citydeosus and Volvariella volvacea were maximized
in medium plates containing MEA, but the mycelial growth
rate was slow on glucose peptone agar at all pH levels
compared to other media. Romero-Arenas et al. (2012)
reported that the strain P. ostreatus CP-50 presented
varying degrees of tolerance to alkaline pH in PDA and
yeast complete medium (YCM) with different growth rates,
and the development and morphology of their colonies in
alkaline pH were not significantly affected. The ability of
the fungus to utilize nutrients for mycelial growth may be
affected in different media and at different pH values, with
the possibility that they may be toxic at the concentrations
used (Carlile et al. 2001), and the pH of the culture was an
important parameter that affected fungal morphology and
mycelial density (Gibbs et al. 2000). Goldberg and
Williams (1991) reported that the most favorable pH for
mushroom growth was between 7 and 8, similar to results
obtained here. Incubation temperatures of 35°C and 40°C
caused total mycelium growth inhibition of all tested
strains, and these temperatures did not favor fungus
growth. All five strains grew well at 20-30°C, similar to
results reported by Quimio et al. (1990) who recommended
22°C to 30°C for Agaricus bisporus growth. Fungal
development may be accelerated or inhibited by
temperature (Miles and Chang 1997). Thus, it was possible
to verify a temperature range for Hed Taen Rad growth in
spawn production and possibly in compost cultivation.

A B C

D E

Figure 1. Mycelial growth of all strains of Hed Taen Rad on malt extract agar at various pH levels after incubation for
12 days at 30C: A DOA-1, B DOA-4, C DOA-7, D DOA-10, E DOA

pH  4 5 6 pH  4 5 6 pH  4 5 6

pH  4 5 6 pH  4 5 6

7 8 9 10 7 8 9 10 7 8 9 10

7 8 9 10 7 8 9 10
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Morphological characterization of basidiomata
Morphological characters is still useful for preliminary

evaluation because it is fast, simple, and can be used as a
general approach for assessing genetic diversity among
morphologically distinguishable accessions (Beyene et al.
2005). The qualitative characteristics of the basidiocarps of
all five strains of Hed Taen Rad were examined. Fruiting
bodies were broad shaped. The pileus diameter and stipe
length of the five M. crassa isolates were divided into 2
groups. Group 1 included DOA, DOA-1, DOA-7 and
DOA-10 with a relatively large round-shaped pileus at 5.58
to 11.70 cm diameter; the stipes were cylindrical, swollen
at the base with length 6.83-13.67 cm and diameter 1.30-
3.72 cm. Group 2 included DOA-4 with a convex,
depressed center pileus at 5.81-8.95 cm diameter, the
surface was pale cream with a short stipe from 8.7 to 11.8
cm. Basidiospores of the five isolates of Hed Taen Rad
were hyaline and oval with length 5.0-7.5 and diameter 3.0-
4.5 µm. Payapanon and Srijumpa (2008) found that spores
of Hed Taen Rad were white and oval with length 8.3-10.5
and diameter 6.0-7.5 µm, while Pegler et al. (1998)
reported that spores of M. crassa had thin walls and a
smooth surface and varied in length from 5.0-6.5 µm with
diameter 3.7-4.5 µm. Basidia of this mushroom were
clavate shaped with length 23.5-35.0 µm and diameter 7.0-
8.0 µm with four sterigmata (Figure 2) and no cystidia.
Thus, it was concluded that the morphological
characterization of basidiomata of all five strains: DOA,
DOA-1, DOA-4, DOA-7 and DOA-10 were closely similar
to M. crassa (Berk.) Pegler & Lodge (Table 1).

Molecular identification of M. crassa
The 20 ITS sequences were deposited in the GenBank

database (htpp://www.ncbi.nlm.nih.gov/) with the
accession numbers shown in Table 2. The designations
were based on morphological species concepts.

The species designations were based on the
morphological species concepts. Amplification of the ITS1
and ITS2 regions from all isolates of Macrocybe
(Tricholoma) using the primers ITS5 and ITS4 resulted in a
545-778 bp product. ITS sequences of DOA and DOA-10
strains isolated from a mycelium of Hed Taen Rad showed
the highest levels of similarity (99%, identity = 585/585 nt
and identity = 582/586 nt) with a particular ITS1-5.8S-
ITS2 sequence of M. crassa (accession number
LC006057.1). ITS sequences of DOA-1 and DOA-7
showed a significantly high level of ITS similarity (98.61%
and 98.43%) from M. crassa. However, the ITS sequence
obtained from DOA-4 strain showed only 86.71%
similarity, with a particular ITS1-5.8S-ITS2 sequence.
Molecular analysis of the ITS region showed a well-
supported clade with 99% bootstrap support including all
unknown species analyzed. The phylogenetic position from
the PAUP analysis presented clusters of the sample of Hed
Taen Rad (Macrocybe spp.) collected in Thailand into two
major groups (Figure 3). The sequences from the four
strains; DOA, DOA-1, DOA-7 and DOA-10 were
identified as a T. giganteum cluster in one clade with 99%
support, along with one sequence from the GenBank, T.

giganteum. The strain DOA-4 was identified as T.
giganteum with a 57% support. From this study, the
dendrogram revealed relationships between strains of
Macrocybe (Tricholoma) spp. The molecular identification
of isolates DOA and DOA-10 presented a more intimate
relationship with strains DOA-1 and DOA-7. The
cultivation of this mushroom was originally described in
1958 and identified by The Royal Botanic Gardens, Kew,
England which classified it as T. crassum (Berk) Sacc.
(Chaiwongkeit 1985). By comparing the nucleotide
sequences from the ITS region of the nuclear ribosomal
DNA with the GenBank database for the five strains
collected in Thailand, results showed that four strains were
T. giganteum species, i.e. DOA, DOA-1, DOA-7 and
DOA-10, and the other species (DOA-4 strain) may not be
the same type. However, it remained identified as T.
giganteum.

Figure 2. Gills (left), basidia, sterigma and basidiospores (400x)
(right) of Hed Taen Rad

Table 2. Data and GenBank accession numbers of the sequences
used for molecular analyses

Species
Culture/

herbarium
number

Origin
GenBank
accession
number

T. giganteum - China EU051917.1
T. giganteum - India JN192443.1
T. giganteum - India JN006792.1
T. giganteum RCK2012 India JQ957908.1
T. giganteum CBE India HM120872.1
T. giganteum SCAU 2 China JX068526.1
T. matsutake - Japan AF204868.1
T. imbricatum TIK1-IX-09 Montenegro JQ685731.1
T. imbricatum TIK2-X-10 Montenegro JQ685732.1
T. imbricatum KMS296 USA AF377242.1
T. batschii TBG-XI-09 Montenegro JQ685729.1
T. batschii TBK-X-06 Montenegro JQ685730.1
T. portentosum KMS304 USA AF349686.1
T. portentosum - Canada HQ650742.1
T. myomyces SMI323 Canada FJ845443.1
T. myomyces var. cystidiotum KMS281 USA AF349699.1
M. (Tricholoma) spp. DOA Thailand LC029415.1
M. (Tricholoma) spp. DOA-1 Thailand LC029416.1
M. (Tricholoma) spp. DOA-4 Thailand LC029418.1
M. (Tricholoma) spp. DOA-7 Thailand LC029417.1
M. (Tricholoma) spp. DOA-10 Thailand LC006057.1
Boletus edulis YM6 China EF646278.1
Boletus edulis 2044 Spain HM579930.1
Pleurotus ostreatus NW424 China EU622250.1
Pleurotus ostreatus NW446 China EU622256.1

sterigma
basidiospores

basidium
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Table 1. Morphological characteristics of basidiomata of the five wild Thai isolates of the tropical mushroom Hed Taen Rad (M. crassa) compared with strains of M. crassa (Berk.) Pegler &
Lodge and Macrocybe gigantea (Massee) Pegler & Lodge as the reference strain

Morphological
characterization DOA DOA-1 DOA-4 DOA-7 DOA-10

Macrocybe crassa
(Berk.) Pegler &
Lodge*

Macrocybe gigantea
(Massee) Pegler &
Lodge*

Pileus 6.14-9.3 cm diameter,
convex, surface pale
cream, darker at center,
smooth, drying
minutely cracked,
margin involute,
weakly crenate

5.58-7.83 cm diameter,
convex becoming
slightly concave,
surface pale cream,
darker at center,
smooth, drying
minutely cracked,
margin involute

5.81-8.95 cm diameter,
convex and depressed
center, surface pale
cream, darker at center,
smooth, drying
minutely cracked,
margin lobed, often
cracking

6.0-8.50 cm diameter,
convex, surface pale
cream,  smooth,
margin often slightly
wavy, thick

6.06-11.70 cm
diameter, convex or
almost applanate, a
similar dish upside
(width is greater than
height), a half circle,
incurved margin, thin,
surface pale cream,
darker at center,
smooth, drying
minutely cracked

14-24 cm diameter,
convex to obtusely
umbonate or almost
applanate, finally
becoming slightly
depressed; surface pale
cream, yellowish
brown to grayish
brown, smooth, drying
minutely cracked and
sometimes splitting
radially; margin
involute, weakly
crenate

15-18 × 6 cm,
cylindrical, often
elongate, solid finally
fistulose; surface
concolorous with
pileus, fibrillose-striate

Lamellae Adnexed, pale cream,
4-7 mm broad,
crowded

Adnexed, pale cream,
4-7 mm broad,
crowded

Adnexed, pale cream,
3-7 mm broad,
crowded

Adnexed, pale cream,
4-9 mm broad,
crowded

Adnexed, pale cream
to white, 4-9 mm
broad, crowded

Adnexed to sinuate,
white broad, crowded,
with lamellulae of two
lengths.

Emarginate, sinuate,
straw yellow,
ventricose, densely
crowded, with
lamellulae of four
lengths.

Stipe 7.06-11.40 × 1.71-3.17
cm, cylindrical,
swollen at base; solid;
surface off- white, with
brown fibrillose streaks

6.83-12.10 × 1.77-2.92
cm, cylindrical,
swollen at base, solid,
surface off- white, with
brown fibrillose streaks

Short with 6.93-10.20
× 1.71-2.34 cm,
cylindrical, swollen at
base, solid, surface
concolorous with
pileus, with brown
fibrillose streaks

6.90-13.67 × 1.30-3.72
cm wide, cylindrical,
enlarged toward base,
surface white ,brown
fibrillose streaks

6.90-13.67 × 1.30-3.72
cm, cylindrical,
swollen at base,
surface off- white, with
brown fibrillose streaks

15-25 × 1.4-5 cm,
cylindrical, swollen at
base; solid then
fistulose; surface off-
white, with brown
fibrillose streaks

15-18 × 6 cm,
cylindrical, often
elongate, solid finally
fistulose; surface
concolorous with
pileus, fibrillose-striate



Context Thick at disc, white,
firm, consisting of
thin-walled hyphae,
inflated, with clamp
connections

Thick at disc, white,
firm, consisting of
thin-walled hyphae,
inflated, with clamp
connections

Thick at disc, white,
firm, consisting of
thin-walled hyphae,
inflated, with clamp
connections

Thick at disc, white,
firm, consisting of
thin-walled hyphae,
inflated, with clamp
connections, taste
slightly bitter

Thick at disc, white,
firm, consisting of
thin-walled hyphae,
inflated, with clamp
connections

3.5 cm thick at disc,
white, firm; consisting
of thin-walled hyphae,
2-6 μm diameter,  with
clamp connections,
taste slightly bitter

3 cm thick at disc,
white, firm; consisting
of thin-walled hyphae,
2-8 μm diameter,
inflated to 25 μm
diameter, with clamp
connections; odor
recalling ‘brewer’s
grains’

Spores Spore deposit pale
cream. Spores 6.5-7.0
× 3.0-4.5 μm, ovoid,
hyaline, inamyloid,
thin-walled, smooth

Spore deposit pale
cream. Spores 6-6.5 ×
3.0-4.0 μm, ovoid,
hyaline, inamyloid,
thin-walled, smooth

Spore deposit pale
cream. Spores 6-7.5 ×
3.0-4.0 μm, ovoid,
hyaline, thin-walled,
smooth

Spore deposit pale
cream. Spores 5.0-6.5
× 3.5-4.0 μm, ovoid,
hyaline, thin-walled,
smooth

Spore deposit pale
cream. Spores 6.0-7.0
× 4-4.5 μm, ovoid,
hyaline, thin-walled,
smooth

Spore deposit pale
cream. Spores 5.0-6.5
× 3.7-4.5 (5.60 ± 0.15
× 4.20 ± 0.32) μm,
ovoid, hyaline, thin-
walled, smooth.

Spore deposit white.
Spores 5.7-7.5 × 4.0-
5.3 (6.70 ± 0.90 × 4.60
± 0.38) μm, ovoid to
short ellipsoid, hyaline,
inamyloid, thin-walled

Basidia 23.5-29 × 7-8 μm,
clavate, bearing four
sterigmata. Hymenial
cystidia none

23.5-29 × 7-8 μm,
clavate, bearing four
sterigmata. Hymenial
cystidia none

23.5-29 × 7-8 μm,
clavate, bearing four
sterigmata. Hymenial
cystidia none

26-35 × 7-8 μm,
clavate, bearing four
sterigmata. Hymenial
cystidia none

24-31 × 7-8 μm,
clavate, four
sterigmata,cystidia
none

25-30 × 7-8 μm,
clavate, bearing four
sterigmata

25-37 × 5-8 μm,
narrowly clavate to
subcylindrical, bearing
four sterigmata; with
basal clamp connection

Hymenophoral trama Regular, with hyphae
3-5 μm diameter

Regular, with hyphae
3-5 μm diameter

Regular, with hyphae
2.5-4 μm diameter

Regular, with hyphae
2.5-4.5 μm diameter

Regular, with hyphae
3-5 μm diameter

Regular, with hyphae
3-5 μm diameter

Regular, of parallel,
thin-walled hyphae, 2-
5 μm diameter, with
clamp connections

Note: *) Pegler et al.(1998)
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Figure 3. Phylogenetic relationships of Hed Taen Rad (Macrocybe spp.) inferred from the ITS sequences of 20 equally parsimonious
trees. P. ostreatus and Boletus edulis were used as an outgroup. Numbers above the branches indicate the percentage at which a given
branch was supported in 1000 bootstrap replications. Branches within a vertical line represent the same family.

The results implied that the nucleotide sequences of M.
crassa and T. giganteum were very similar. Unfortunately,
the nucleotide sequences of M. crassa or T. crassum have
not yet been recorded in the GenBank database. Only four
nucleotide sequences of Macrocybe sp. have been
deposited with 2,338 for Tricholoma sp.
(htpp://www.ncbi.nlm.nih.gov/). To date, limited ITS
rDNA sequences from M. crassa exist in public databases,
with few covering the entire ITS length. Therefore, the
identification of five strains of Hed Taen Rad using only
molecular methods could be erroneous. However, further
differentiation using molecular markers was recommended.

This taxonomic study examined the morphological
characteristics and molecular identification of the mycelia
and basidiomata from five isolates of Hed Taen Rad: DOA,
DOA-1, DOA-4, DOA-7 and DOA-10. Results showed that
they grew well on MEA at pH 8-10, with thick mycelial

density at 20-30°C obtaining an 8.50 cm diameter colony
after 9 days.

Comparisons of the morphological characteristics of all
five strains of this mushroom to M. gigantea (Massee)
Pegler & Lodge, or T. giganteum Massee in Bull. Misc. Inf.
Kew 1912: 254. 1912 were clearly different as the stipes
were cylindrical, and swollen at the base while M. gigantea
had cylindrical-shaped, often elongate and not inflated at
the base. Moreover, they presented clavate-shaped basidia
with morphological characterization of the basidiomata
very similar to M. crassa (Berk.) Pegler & Lodge or T.
crassum (Berk.) Sacc., Syll. Fung. 5: 109 (Pegler et al.
1998) (Table 1). Thus, all five strains of Hed Taen Rad
mushroom could be M. crassa. On the other hand, from
molecular analysis of all five isolates were identified as a
T. giganteum cluster with 99% support and 57% support.
From this experiment, may be interpreted incorrectly since
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the nucleotide sequences of M. crassa or T. crassum have
not yet been recorded in the GenBank database and ITS
regions only one position may not be suitable to be used in
the identification. Thus, all five strains of these mushrooms
were successfully characterized using morphological
character as M. crassa. This study has contributed
knowledge for precise identification and provided
additional data to the major database of GenBank to
prevent future misidentification of this mushroom species.
Species of fungi with ecological proximity but different
geographical origins can be classified through
morphological and molecular markers. This study
demonstrated that morphological evaluation proved useful
to identify relationships among species of a wild Thai
isolate of the tropical mushroom Hed Taen Rad (M.
crassa).
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Abstract. Pouladi M, Qadermarzi A, Baharvand F, Vazirizadeh A, Hedayati A. 2017. Effects of physicochemical factors on seasonal
variations of phytoplankton in the Mond River Estuary of Bushehr Province, Persian Gulf, Iran. Biodiversitas 18: 229-237. The main
purpose of present study was to investigate the abundance and biodiversity of phytoplankton from Mond estuary, Bushehr, Persian Gulf
during different seasons and its relationships with environmental parameters and nutrients. Samples were taken in mid-season from
spring 2012 to winter 2013 for oneyear period. The phytoplankton were contributed by the phyla Bacillariophyta, Dinophyta,
Haptophyta, and Chlorophyta. The class Coscinodiscophyceae and Bacillariophyceae belonging to Bacillariophyta were the most
diverse and dominant with 22 and 16 genera, respectively. The mean phytoplankton abundance were recorded in spring
(12706.7±3586.9 cells L-1), in summer (10173.3±2560.08 cells L-1), in autumn (10600±2758.2 cells L-1) and in winter (7000±2401.6
cells L-1), respectively. Simpson and Shannon-Wiener biodiversity indices obtained showed in spring (0.93±0.007 and 3.8±0.2), in
summer (0.92±0.008 and 3.64±0.2), in autumn (0.92±0.006 and 3.63±0.15) and in winter (0.89±0.013 and 3.07±0.24), respectively. The
phytoplankton assemblages were most diverse and abundant at station-5 in all seasons. In addition, there were significant correlation
(P<0.01) between phytoplankton abundance and diversity with pH, salinity, NO3, PO4 and temperature. Based on Principle Component
Analysis (PCA), the most important factors that could describe most changes of abundance and diversity of phytoplankton in the Mond
River estuary system were salinity, NO3, pH, PO4 and temperature, respectively. Results demonstrated that diatoms were the dominant
population and salinity factor was more effective factor that affected the diversity and abundance of phytoplankton during study period
in Mond River estuary.

Keywords: Abundance, Bushehr, diversity, Mond River Estuary, phytoplankton, Persian Gulf

INTRODUCTION

Estuaries are dynamic transition zones between the
continental and the marine ecosystems that are
characterized by their high primary and secondary levels
and ecological complexity (Attrill and Rundle 2002; Lam-
Hoai et al. 2006; Matos et al. 2011). In these transitional
ecosystems, fluctuations in environmental variables have a
direct effect on the dynamics of biological populations, in
particular the plankton community (Marques et al. 2006;
Matos et al. 2011). Estuaries provide nursery habitat for
fish, birds and many other organisms (Calbet et al. 2001).
These ecosystems encompass one of the most productive
ecosystems around the world (Day et al. 1989). In the
estuarine planktonic biota, the phytoplankton deserves
special attention due to their fundamental role in the
primary production of coastal environment (Gross and
Gross 1996; Tiwari and Chauhan 2006; Tas and Gonulal
2007; Saravanakumar et al. 2008). Increased human
activities, industrialization and urbanization have put lots
of pressure on the estuarine habitat. These activities have
direct effect on the water quality, quantity and quality of

phytoplankton and other organisms. The abundance of
phytoplankton are biological indicators for evaluating
water quality and the degree of eutrophication (Chaturvedi
et al. 1999; Ponmanickam et al. 2007; Shekhar et al. 2008).

There have been very few studies on the seasonal and
annual variation of phytoplankton in Iranian estuaries,
which indicate that the environmental management can be
limited by the relating to how the physical and chemical
factors influence the phytoplankton seasonal patterns in
estuaries. In addition, few long-term observations on the
phytoplankton assemblages have been carried out in the
Iranian waters of the Persian Gulf (Seraji and Daghoughi
2000; Fallahi 2003; Fatemi et al. 2012; Isapour et al. 2012;
Aein Jamshid et al. 2014; Shapoori and Golami 2014).
Saraji and Daghoughi (2000) observed 35-40 phytoplankton
genera in the coastal waters of west, central and east of
Hormozgan; Fallahi (2003) observed diatoms were
dominant with 97 species in the waters of Bushehr in
Persian Gulf; Isapour et al (2012) showed that diatoms
were more abundant and specious at Khouzestan when
compared with other groups at Bushehr and Hormozgan
areas; Shapoori and gholami (2014) observed that
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Bacillariophyceae and Dinophyceae were the dominant
groups of phytoplankton in the Kharg Island waters and
AeinJamshid et al (2014) observed that the high risk toxin
producing Dinophyceae and Bacillariophyceae dominated
at contributing to about 29.3% and 61.7% of the total
phytoplankton, respectively.

Mond estuary and river is the fifth river of Iran with
750 km estimated length. The Mond River (MR) originates
from Fars Province and gets discharged in to the Persian
Gulf, passing through Jahrom, Firuzabaad in the Fars
province and Jam, Dashti and Dayyer in the Bushehr
province (Ahmadi et al. 2013). The MR basin is
ecologically important for migratory birds, wild life and
aquatic organisms, especially fish. Therefore, studying on
the phytoplankton abundance, composition and diversity of
MR estuary is an important aspect for fishery management.
The main objective of this study was to determine the

phytoplankton abundance and diversity, and their
ecological relationships with nutrients and water quality
parameters in the MR estuary, Bushehr, the northern part of
Persian Gulf, Iran.

MATERIALS AND METHODS

Study area
The study area was located in the Mond River estuary,

the southeastern part of Bushehr province, and north of
Persian Gulf, Iran (Figure 1). Along MR estuary, five
sampling stations were determined based on environmental
gradients of flow dynamics and mixing of fresh and coastal
waters, depth, tides, river flow and geo-morphological
features (Table 1).

Figure 1. Sampling stations at the Mond River estuary, Persian Gulf, Iran
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Procedures
Seasonal samplings were carried out in the middle of

each season for one year period from May 2012 to
February 2013.Water temperature and pH were recorded by
Mercury thermometer and pH meter model WTW. Salinity
was recorded with using Atago S/Mill refractometer.
Dissolved oxygen was measured by YSI 51 Oxygenmeter
(Model OH, USA) and transparency was obtained by
Secchi depth plate .Water samples for measurement of
nutrients were collected by Ruttner bottle (Hydro-Bios
Model) and were measured using HACH
spectrophotometer (Model DR 4000). To investigate the
abundance and identification of phytoplankton
assemblages, 3 liters of water were sampled with Ruttner
bottles and were immediately fixed using Lugol’s iodine
solution (10 ml per 200 ml of sample). These bottles were
stored in a cool and dark place for transportation to the
laboratory survey. Enumeration of phytoplankton were
carried out using Sedgwick rafter chamber with the aid of
inverted microscope (Model: CETI Belgium) and were
identified using standard publications(Faust and Gulledge
2002; Newell and Newell 2004).

The following formula was used to calculate the
abundance of phytoplankton:

C [cells L-1] =

N= number of cells or units counted, A= area of field
(mm2), D= depth of a field (Sedgwick-Rafter chamber
depth) (mm), F= number of fields counted.

Taxonomic diversity indices were calculated using the
phytoplankton database, for each station.. The Shannon-
Wiener diversity index (Hʹ) (Shannon and Weaver 1948)
and Simpson index of diversity (D) (Simpson 1949) were
used for species diversity as following:

(1)

(2)

Pi: the relative abundance of the ith taxon, S: total
number of taxa

Data analysis
One-way ANOVA was performed to test significant

seasonal differences in phytoplankton abundance, diversity
and water quality parameters. Data were presented as
means ± standard error of means. Differences in means
were compared by Duncan's Multiple Range Test. All data
met the parametric test assumptions (normal distribution,
homogeneity of variance, independence and randomness of
the data). Data was transformed by Arcsin-square root to
ensure a normal distribution (Zar 1984). All statistical
analysis was carried out using SPSS, version 18.0. Pearson
correlation was calculated for the abundance, diversity,
water parameters and nutrients. Canonical correlation
analysis was performed using CANOCO, version 4.5 and

diversity indices were calculated using Ecological
Methodology, version 6.0 (Krebs 2001).

RESULTS AND DISCUSSION

During the present study, 4 phyla of phytoplankton
communities were identified: Bacillariophyta, Dinophyta,
Haptophyta, and Chlorophyta (Tables 2). Higher diversity
was observed from class Coscinodiscophyceae belonging
to phylum Bacillariophyta with 22 genera and 37 species,
and class Bacillariophyceae belong to phylum
Bacillariophyta with 16 genera and 18 species.
Phytoplankton species including Coscinodiscus centralis,
Donkinia sp. and Pleurosigma cuspidatum belonging to the
class Coscinodiscophyceae and phylum Bacillariophyta
were observed during all seasons, but Skeletonema
costatum, Odontella mobiliensis, Odontella sinensis,
Rhizosolenia bergonii, Rhizosoleina shurbsolei,
Dactyliosolen fragilissimus, Chaetoceros compressus and
Chaetoceros peruvianus belonging to the class
Cosciodiscophyceae and Gyrosigma diminutum belonging
to the class Bacillariophyceae and phylum Bacillariophyta
showed lowest dispersion in MR estuary during the study
period (Tables 2). The mean seasonal abundances of
phytoplankton are presented in Figure 2. Mean abundance
of phytoplankton were 12706.7±3586.9 cells L-1 in spring,
10173.3±2560.08 cells L-1 in summer, 10600±2758.2 cells
L-l in autumn and 7000±2401.6 cells L-l in winter,
respectively. Station 5 at all seasons showed highest
phytoplankton abundance i.e. in spring (25466.7±5205.55
cells L-l), in summer (18933.3±3868.4 cells L-l), in autumn
(20666.7±4938.74 cells L-l) and in winter
(16066.7±1567.73 cells L-l), respectively (Figure 2). The
dominant species were observed to be Palmeria
hardmaniana (with 2933.33±272.7 cells L-l) in spring,
Coscinodiscus astermphalus (with 3266.7±237.9 cells L-l)
in summer, Pleurosigma cuspidatum (with 2133.33±166.8
cells L-l) in autumn and Coscinodiscus centralis (with
2133.33±256.9 cells L-l) in winter. Between identified
phytoplankton, diatoms (Coscinodiscophyceae and
Bacillariophyceae) were dominant classes of phytoplankton
in MR estuary. Where Palmeria hardmaniana (in spring),
Coscinodiscus astermphalus (in summer), Pleurosigma
cuspidatum (in autumn) and Coscinodiscus centralis (in
winter) were the most abundant (Table 2). Phytoplankton
communities are multispecies communities, which are
highly multifaceted in terms of their diversity and
dynamics. Succession shifts in phytoplankton community
structure are mainly due to changes in environmental
variables such as nutrients and other physicochemical
variables which influence the distribution and abundance of
plankton communities in estuaries (Ferreira et al. 2005;
Madhu et al. 2007; Palleyi et al. 2011). Spatial distribution
of diatoms in the estuary depends on the dispersion and
mixing processes initiated by sea water and freshwater
together. They always prefer to inhabit and dominates the
phytoplankton community in shallow, turbulent and
upwelling region, i.e. coastal region. Sufficiency of



BIODIVERSITAS 18 (1): 229-237, January 2017232

nutrients and radiant energy from the sun in this shallow
and disturbed area facilitate these microscopic producing
organisms to photosynthesize and reproduce strongly. In
addition, dominance of diatoms indicated the physical
inconsistency of the shallow coastal environments (Stowe
1996; Fernandez and Brandini 2004). Thus, dominance of
diatoms, as observed during the present study is very
common. The population size and relative abundance of
each species within a planktonic assemblage was a function
of the differential abilities to reproduce and survive in the
estuary environment. Most diatoms were puissant of
remaining in the estuarine environment despite their erratic
salinities (Sarojini and Sarma 2001; Sahu et al. 2012).

The mean seasonal Simpson and Shannon-Weiner
biodiversity indices were presented in (Table.6). Mean
diversity of Simpson and Shannon-Weiner were
0.93±0.007 and 3.8±0.2 in spring; 0.92±0.008and 3.64±0.2
in summer; 0.92±0.006 and 3.63±0.15 in autumn and
0.89±0.013and 3.07±0.24 in winter, respectively. Highest
Simpson and Shannon-Weiner diversity indices were
observed at station 5 during all the seasons with
0.95±0.004 and 4.37±0.14 in spring; 0.94±0.005 and
4.25±0.13 in summer; 0.94±0.012 and 4.13±0.28 in autumn
and 0.92±0.01 and 3.75±0.2 in winter, respectively (Figure
2; Figure 3). Plankton communities in the estuary can serve
as a biological indicator for studying / understanding any
change in an ecosystem under pollution stress. In ecology,
a diversity index is a statistic, which is applied to measure
the species biodiversity in an ecosystem (Gao and Song
2005). In comparison of seasonal variation, the highest
amounts of phytoplankton diversity were in the spring and
lowest during winter. The nature of species diversity in
relation to species composition and phytoplankton
abundance is a significant feature in aquatic environments.
Commonly, species diversity increases with an increase in
their numerical abundance. Similarly, low species diversity
happens, when some particular species or one species
dominates the phytoplankton population (Chandran 1985;
Kulshreshta et al. 1989; Sahu et al. 2012).

Seasonal average of temperature and dissolved oxygen
were 23.92 °C and 8.28 mg L-1 in spring; 33.4 °C and 6.87
mg L-1 in summer; 19.54°C and 7.39 mg L-1 in autumn, and
14.8 °C and 9.46 mg L-1 in winter, respectively. Seasonal
average of water transparency, salinity and pH were 43.6
cm, 28.2 ppt and 8.2 in spring; 44.8 cm, 38.8 ppt and 8.1 in
summer;4 6 cm, 35.8 ppt and 8.1 in autumn and 49.8 cm,
25.2 ppt and 8.15 in winter, respectively, where the
seasonal average of nutrients PO4 and NO3 were 190 and
40 µg L-1 in spring, 190 and 34 µg L-1 in summer, 200 and
33 µg L-1 in autumn and 120 and 23 µg L-1 in winter,
respectively (Table 7).

Correlation among water parameters with
phytoplankton abundance and diversity indices are
presented in (Table 7). The results showed that there were
positive correlation between phytoplankton abundance and
salinity (0.01> P and r=0.679);Simpson diversity and
salinity (0.01> P and r=0.77); Shannon-Wiener diversity
and salinity (0.01> P and r=0.779); phytoplankton
abundance and pH (0.01> P and r=0.682);Simpson
diversity and pH (0.05> P and r=0.453); Shannon-Wiener

diversity and pH (0.05> P and r=0.556); phytoplankton
abundance and PO4 (0.05> P and r=0.473); Shannon-
Wiener diversity and PO4 (0.05> P and r=0.463);
phytoplankton abundance and NO3 (0.01> P and
r=0.603);Simpson diversity and NO3 (0.01> P and
r=0.805); Shannon-Wiener diversity and NO3 (0.01> P and
r=0.779); Simpson diversity and Temperature (0.05> P and
r=0.532) and Shannon-Wiener diversity and Temperature
(0.05> P and r=0.448) (Table 8).

During the study period, based on PCA, stations 4 and 5
in spring, stations 4 and 5 in summer, stations 4 and 5 in
autumn, and station 5 in winter were most contributed by
abundance, diversity, salinity, NO3, pH, PO4 and
Temperature, while least by Transparency and dissolved
oxygen (Figure 5; Table 8).

In this study, salinity varied from its maximum 38.8 ppt
in August to its minimum 25.2 ppt in February and the
ANOVA result confirm these findings. Based on Pearson
correlation and PCA, salinity is a major factor that affects
the abundance and diversity in our study area. The salinity
in Bushehr coastal waters is affected by the general trend of
salinity variation in Persian Gulf which is depended on the
current entering from Indian Ocean and Oman Sea in to the
Persian Gulf, and mixing of low saline freshwater of Mond
and Helleh Rivers with high saline seawater (Kamp and
Sadrinasab 2006; AeinJamshid al. 2014). Salinity is a
dynamic indicator of the nature of the exchange system.
Phytoplankton abundance in the MR estuary increases
towards the sea via the salinity gradient. Salinity influences
the distribution and diversity of many living marine
species. The rate of cell division on this microflora, as well
as their occurrence, distribution and productivity is
influenced by salinity (Lionard et al. 2005; Putland et al.
2007; Palleyi et al. 2011; Sahu et al. 2012; Farhadian et al.
2015). There are many other factors, other than salinity that
can influence the distribution of phytoplankton, such as
turbidity, freshwater influx volume, water column
stratification and grazing rate of zooplankton (Burns and
Beardall 1987).

Seawater pH may have a main performance on
phytoplankton growth with a number of possible
mechanisms at high pH, carbon limits occur for organisms
that cannot use of bicarbonate (Burns and Beardall 1987;
Nimer and Merrett 1992), so pH affects on primary
production (Chen and Durbin 1994). We observed that the
pH was in alkaline range and its impacts on the stations
with most phytoplankton abundance at the mouth of the
estuary.Even a slight change or deviation from the
optimum pH level leads to change in the ionic equilibrium
in estuaries, whereby the cells will have to use more energy
to maintain internal conditions and the rate of cellular
enzymatic reaction gets impaired (Nimer et al. 1997).

Available data indicate that phytoplankton production
and biomass in most benthic systems is controlled by
nutrients (Wehr and Sheath 2003; Onyema and Emmanuel
2009). Among the nutrients, Phosphate and nitrogen
compounds are the limiting nutrients, whose concentrations
in water influence phytoplankton growth (Ambasht and
Ambasht 2005). According to PCA analysis, NO3 and PO4

were other effective factors in stations with most
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Table 2. Comparison of phytoplankton presence (*) during
different seasons at the Mond River estuary, Persian Gulf, Iran

Species Spring Summer Autumn Winter

Cosciodiscophyceae
Actinocyclus octonarius * *
Bacterastrum delicatulum * *
Bacterastrum hyalinum * *
Cerataulina pelagica * * *
Chaetoceros coarctatus * * *
Chaetoceros compressus *
Chaetoceros decipiens * * *
Chaetoceros peruvianus *
Climacodium frauenfeldianum *
Coscinodiscus astermphalus * * *
Coscinodiscus centralis * * * *
Coscinodiscus granii * * *
Coscinodiscus oculus-iridis * * *
Coscinodiscus radiates * * *
Coscinodiscus wailesii * *
Cyclotella stylorum * *
Dactyliosolen fragilissimus *
Dentonula pumila * *
Ditylum brightwelli * *
Guinardia flaccida *
Guinardia striata * * *
Helicotheca thamensis * *
Hemiaulus sinensis * * * *
Lampriscus broeckii * * *
Lampriscuss hadboltianum * *
Lauderia annulata * * *
Odontella mobiliensis *
Odontella sinensis *
Palmeria hardmaniana * * *
Proboscia alata * * *
Rhizosoleina shurbsolei *
Rhizosolenia bergonii *
Rhizosolenia imbricate * * *
Skeletonema costatum *
Stephanopyxis palmeriana * * *
Thalassiosira eccentric * *
Thalassiosira oestrupii * * *

Fragilariophyceae
Asterionellopsis glacialis * *
Fragilaria sp. * *
Grammatophora oceanica * *
Thalassionama nitzchioides * *
Thalassiothrix cf. longissima * *
Trachysphenia australis * * *

Bacillariophyceae
Achnanthes brevipes * * *
Amphora sp. * *
Cylindrotheca sp. * * *
Diploneis smithii * *
Donkinia sp. * * * *
Entomoneis sulcata * * *
Gyrosigma diminutum *
Haslea cf. balearica * *
Mastogloia linearis * *
Navicula cf. erifuga * * *
Nitzschia lorenziana * *
Nitzschia panduriformis * * * *
Nitzschia sp. * *
Plagiotropis lepidoptera * * *
Planothidium sp. * * *
Pleurosigma cuspidatum * * * *

Surirella fastuosa * *
Trachyneis antillarum * *

Raphidophyceae
Heterosigma sp. * * * *

Dinophyceae
Alexandrium insuetum * * *
Amphidinium sp. * *
Ceratium breve * *
Ceratium Furca * * *
Ceratium massiliense * *
Dinoflagellate spp. * *
Dinophysis caudate * *
Dinophysis mitra * * *
Prorocentrum gracile * *
Prorocentrum lima * *
Prorocentrum micans * *
Protoperidinium elegans * *
Protoperidinium sp. * * *
Protoperidinium spiniferum * *

Noctilucophyceae
Noctiluca scintillas * * *

Coccolithophyceae
Phaeocystis sp. * *

Pyramimonadophyceae
Pterosperma undulatum * *

abundance and diversity. Distribution of nutrients and
chemical composition in an estuary represents the mixing
of two dissimilar waters bodies, those of rivers, streams
and the sea, which are associated with fluctuating stream
flood seasons and the flow of large quantities of freshwater,
or with dry seasons when tidal flow of seawater dominates
(John 1986). The natural nutrient cycle can be disrupted
however, by excessive nutrient loading from human
sources such as wastewater or agricultural run offs can lead
to harmful algal blooms. Thus, total primary production
will not necessarily change, but changes in the
concentration and ratio of nutrients can affect
phytoplankton communities and their ecological impact is
profound (Caljon 1987; Day et al. 1989; Jiyalalram 1991;
Sahu et al. 2012; Farhadian et al. 2015). Phosphate plays an
important role in proliferation and increasing
phytoplankton abundance, i.e. when abundant phosphate is
stored by phytoplankton as polyphosphate granules and
when phosphate is low, is secreted by alkaline phosphatase
activity, by the hydrolysis of a chemical bond between the
phosphates and are used is the form of phosphates (Barnes
and Hughes 1999; Castro and Huber 2000). Different forms
of nitrogen compounds (especially NO3 form) and
ammonia excreted by zooplankton and some animals are
quickly absorbed by algae and some phytoplankton. Also
decomposition of fauna and flora by bacteria in the
nitrogen supply is involved. In open areas, with increasing
of light intensity, day length and phytoplankton bloom, the
amount of nitrogenous compounds is greatly reduced. So it
can be an important factor in the growth and proliferation
of phytoplankton (Castro and Huber 2000; Barnes 2003).

Temperature was another effective factor that has
significant correlation with phytoplankton assemblage.
Ecological effects of sea temperature due to metabolism
and increasing heat is very important and in many cases
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phytoplankton maximum growth associated with this index
is predictable (Dorgham and Moftah 1989). Also PCA
analysis showed that the water transparency is another
effective factor in relation to other factors and nutrients at
stations. Water turbidity reduces light penetration and
photosynthetic activity, which in our study has changed the

absorption of radiant energy, where high suspended
material and sediments concentration were observed. In
such circumstances, the population of phytoplankton,
particularly diatoms are reduced which in turn could reduce
the population of zooplankton and macrobenthic
invertebrates (Barnes and Hughes 1999; Barnes 2003).

Table 5. Seasonal abundance (Mean ±SE) of phytoplankton classes at different stations of the Mond River estuary, Persian Gulf, Iran

Class Spring Summer Autumn Winter

Bacillariophyceae 11733.3±940.56 10666.7±895 16200±1236.62 8466.67±833
Coccolithophyceae 800±49.9 - 600±24.94 -
Coscinodiscophyceae 34600±2904.02 27666.6±2221.76 24066.7±2404.5 18400±1672.1
Dinophyceae 10800±801.17 7066.7±580.72 7600±680.44 4733.33±542.38
Fragilariophyceae 3866.7±295.9 3733.33±333.5 3600±110.16 2400±221.58
Noctilucophyceae 1200±16.33 533.33±42.22 333.33±42.16 -
Pyramimondophyceae - 666.67±36.51 - 600±57.35
Raphidophyceae 533.33±34 533.33±34 600±74.23 400±38.87

Table 6. Mean (±SE) of phytoplankton abundance and diversity indices in Mond River estuary, Persian Gulf, Iran (P<0.05)

Index Spring Summer Autumn Winter

Abundance 12706.7±3586.9 a 10173.3±2560.08 a 10600±2758.2 a 7000±2401.6 b

Simpson 0.93±0.007 a 0.92±0.008 a 0.92±0.006 a 0.89±0.013 b

Shannon-Weiner 3.8±0.2 a 3.64±0.2 ab 3.63±0.15 ab 3.07±0.24 b

Table 7. Average of water quality parameters in different seasons at Mond River estuary

WinterAutumnSummerSpringParameters

25.2±4.19c35.8±1.53ab38.8±1.68a28.2±4.21bcSalinity (ppt)
9.46±0.38a7.39±0.11c6.87±0.22c8.28±0.15bDissolved Oxygen (Mg L-1)
8.15±0.045ab8.1±0.06b8.1±0.013b8.2±0.025apH
14.8±0.33d19.54±0.2c33.4±0.5a23.92±0.16bTemperature (OC)
49.8±1.5a46±1.05b44.8±1.16b43.6±0.68bTransparency (cm)
120±30b200±50a190±33a190±30aPO4 (µg L-1)
23±2c33±4b34±1b40±2aNO3 (µg L-1)

Note: Values with different letters indicate significant mean differences

Table 8. Pearson correlation between some of the properties of water with abundance and biodiversity indices in Mond River estuary,
Persian Gulf, Iran

Correlation Abundance Simpson Index Shannon-Weiner Index

Salinity Pearson Correlation 0.679** 0.770** 0.779**

Sig. (2-tailed) 0.001 0.001 0.001
Dissolved Oxygen Pearson Correlation 0.090 -0.215 -0.119

Sig. (2-tailed) 0.705 0.363 0.616
pH Pearson Correlation 0.682** 0.453* 0.556*

Sig. (2-tailed) 0.001 0.045 0.011
Temperature Pearson Correlation 0.239 0.532* 0.448*

Sig. (2-tailed) 0.309 0.016 0.047
Transparency Pearson Correlation 0.223 -0.092 0.016

Sig. (2-tailed) 0.346 0.700 0.948
PO4 Pearson Correlation 0.473* 0.402 0.463*

Sig. (2-tailed) 0.035 0.079 0.040
NO3 Pearson Correlation 0.603** 0.805** 0.779**

Sig. (2-tailed) 0.005 0.001 0.001
Note: *: Significant correlation in 0.05 level, **: Significant correlation in 0.01 level
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Figure 2. Seasonal abundance (Mean ±SE) of phytoplankton at
different stations in the Mond River estuary, Persian Gulf, Iran
(P<0.05).

Figure 3. Shannon-Weiner diversity (Mean ±SE) of
phytoplankton at different stations in the Mond River estuary,
Persian Gulf, Iran (P<0.05)

Figure 4. Simpson diversity (Mean ±SE) of phytoplankton at
different stations in the Mond River estuary, Persian Gulf, Iran
(P<0.05)

Table 8. Seasonal PCA analysis of phytoplankton abundance,
diversity indices and water quality parameters at Mond River
estuary, Persian Gulf, Iran

Parameters Component
1 2

Abundance 0.204 0.137
Simpson 0.194 -0.007
Shannon-Weiner 0.208 0.043
Salinity 0.157 -0.027
Dissolved Oxygen 0.008 0.346
Ph 0.150 0.252
Temperature 0.075 -0.246
Transparency 0.034 0.302
Po4 0.108 -0.035
No3 0.151 -0.131
Percent of Variance 49.55 26.01

Figure 5. Stations-parameters biplot diagram of PCA analysis
summarizing the contribution of dominant factors during the
study period at different stations. DO (Dissolved oxygen), (pH),
Tr (Transparency), Temp (Temperature), (1-5) spring stations, (6-
10) summer stations, (11-15) autumn stations, (16-20) winter
stations

Dissolved oxygen is the other critical variable in
evaluating the water quality in estuaries. The low dissolved
oxygen concentration of a water body directly affects the
survival of aquatic organisms, and thus alters the ecological
balance of a healthy estuary (Zheng et al. 2004). Frequent
occurrences of hypoxia due to sudden decrease of dissolved
oxygen has caused significant reduction of fishery harvests,
toxic algal blooms and loss of biotic diversity (Pearl 1988;
Howarth et al. 2000). The variances of dissolved oxygen in
estuaries are controlled by physical and biochemical
processes (Ambrose et al. 1993; Chen 2003) and for this

area we need more studies and researches specially
sediment biogeochemistry and water body biochemistry.

To conclude, our study showed that the highest
abundance and diversity of phytoplankton communities
were observed at the mouth area of the estuary during all
seasons and had a positive significant correlation with
salinity, NO3, pH, PO4 and Temperature. Since few studies
have been conducted in the estuaries of the Persian Gulf,
therefore, it is recommended to investigate zooplankton
and Benthos communities for understanding the
relationships between communities in estuaries.
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Abstract. Hidayat S. 2017. The use by local communities of plants from Sesaot Protected Forest, West Nusa Tenggara, Indonesia. 
Biodiversitas 18: 238-247. Sesaot Protected Forest is a forest area located very close to human settlements in Sesaot Village, Narmada 
Sub-district, West Lombok District, West Nusa Tenggara, Indonesia. The level of dependence of rural communities on the forest 
resources is very high. This study aimed to determine the range of utilization of plants made by people living around the forests, and to 
evaluate conservation needs for these plants. Utilization of the various plants by Sesaot society was observed in an ethnobotanical study 
employing a combination of open interview techniques and field observation over a two week period. The results of the study showed 
that there were 61 species of forest plants utilized by the Sesaot people. Among the 61 species, there were species that had a single 
function or others that had multiple functions. There were 20 species utilized as food and beverage; 19 used as medicines and herbs; and 
15 species as building materials. Other species were utilized in a variety of ways: as fuel wood, as material for craft and/or furniture, for 
animal traps, as food wrappings and as ornamental plants. The part of the plant most widely used was wood (30.8%), either as a building 
material, as craft material, for firewood, or in medical treatments. The utilization of wood products poses significant risks for the 
survival of certain tree species, because the timber is generally obtained by illegal logging. It was noted that certain prized timber 
producing species tend to be targeted by illegal loggers; such as garu (Dysoxylum parasiticum), bajur (Pterospermum javanicum), 
rajumas (Duabanga moluccana) and some species of Myrtaceae. This study showed that Sesaot Protected Forest has an important role 
in sustaining the daily life of the surrounding community. However, without strong conservation efforts in the management of Sesaot 
Protected Forest, it is feared that unsustainable utilization practices will lead to the loss of some important plant species from this region. 

Keywords: Conservation, plants, protected forest, Sesaot, utilization  

INTRODUCTION  

Sesaot Protected Forest (SPF) has an area of 
approximately 5,950 hectares, located to the west of Mount 
Rinjani, in West Lombok, West Nusa Tenggara, Indonesia. 
Located in the sub-district of Namada, at an altitude of 
300-600 meters above sea level the region comprises four 
villages. Of the four villages, there are 12 backwoods areas 
immediately adjacent to the Sesaot Protected Forest. Most 
inhabitant still dependent on forest products, both timber 
and non-timber products (FKS 2010).This kind of 
dependency on forest products is found in general amongst 
peoples residing adjacent to natural forests. More than 1.6 
billion people around the world depend to varying degrees 
on forests for their livelihoods-not just for food but also for 
fuel, for livestock grazing areas, and for medicine 
(Banerjee and Madhurima 2013). 

Some species of wild plants that can be found in SPF 
include bajur (Pterospermum javanicum Jungh.), klokos 
(Eugenia koordersii Herter), juwet (Syzygium cumini (L.) 
Skeels), rajumas (Duabanga moluccana Blume), ombar 
(Chisocheton pentandrus subsp. paucijugus (Miq.) 
Mabb.),and beringin (Ficus benjamina L.). Some other 
plant species found there are the result of reforestation in 
1982; for example mahoni (Swietenia macrophylla King), 
albizia (Paraserianthes falcataria (L.) I.C.Nielsen), and 
sonokeling (Dalbergia latifolia Roxb.). Most of the 

harvested timber is used as building materials but some is 
used for firewood, both for subsistence and for sale. Some 
species of fruit-bearing trees can also be found in SPF such 
as durian (Durio zibethinus L.), mango (Mangifera indica 
L.), rambutan (Nephelium lappaceum L.), kepundung 
(Baccaurea racemosa (Reinw. ex Blume) Müll. Arg.), and 
jackfruit (Artocarpus heterophyllus Lam.). Besides the 
potential of the plants, there are also potential uses for the 
wildlife that inhabit the area of SPF, including some 
species of birds, snakes, pigs, raccoons, and deer (FKS 
2010). 

With increasing numbers of people around the region of 
SPF, the need for food and building materials from forests 
will continue to grow. Rising human populations and their 
more intensive economic activity increasingly threatens the 
existence of forests in Indonesia (Soepiyanto et al. 2013). 
Globally, an estimated 350 million people, mostly in 
developing countries, depend on non-timber forest products 
(NTFP) as a primary source of income, nutrition and 
medicine. These products play a vital role in sustaining the 
lives of local gatherers, who must increasingly adapt to 
diminishing resources to stay alive (Joshi and Singh 2010). 
To guarantee the active participation of local communities 
in sustainable forest management practice, the government 
in Indonesia has empowered local communities that live 
within and around native forest area through various 
programs, including the establishment of community 
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Method  
 Interviews were openly conducted with several 

respondents from Sesaot villages and the surrounding area 
to obtain information on the use of plants of Sesaot 
Protected Forest. Respondents included community leaders 
in the village of Sesaot (resident caretaker, a forestry 
officer, chief manager of community forest) and other 
people who were thought to know the use of plants in the 
area (e.g. healer, health drink maker, herbalist). The 
information obtained included the names of local plants, 
their specific uses, and the various ways of using them. 
Interviews were conducted in the respondents' homes and 
then a search was made for the plants referred to in Sesaot 
Protected Forest, to verify the existence of the plants in the 
forest and determine the scientific name for each species 
described by the respondents. Some plant species were 
identified directly on the spot, while for some others 
identification could not be made on the spot and depended 
on making herbarium specimens. The herbarium specimens 
were then identified by reference to voucher specimens 
held by Herbarium Bogoriense as well as the herbarium 
and living plant collections in Bogor Botanic Gardens. The 
scientific names of plants adopted were those already in 
use within The Plant List. 

Data analysis  
The results of interviews and surveys were tabulated. In 

the table, the list of plants were sorted based on their 
usefulness, the parts of the plant used, and the potential 
risks to conservation. With the help of Microsoft Excel 
software, the percentage of the total represented by each 
utilization category, by each plant part used, and by each 
plant Family utilized, were calculated from the raw data. 

RESULTS AND DISCUSSION  

From interviews and field surveys, an inventory was 
compiled of 61 species of forest plant commonly used by 
people who live in Sesaot and surrounding villages (Table 
1). The utilization is determined by the need for personal 
consumption or to earn cash income from sale. Sheil and 
Salim (2012) have reported that it is the poorer 
communities with the lowest educational attainment who 
are the highest users of wild plant products. According to 
Lestari et al. (2015) high-income people are more 
concerned about forest sustainability than about its 
immediate usefulness. 

Forest products utilized by the Sesaot not only consist 
of the types of timber-producing plants, but also 
commodities that can be directly consumed, such as fruits, 
ferns, edible nuts, betel leaves, and grasses, as well as 
honey. Wildlife such as birds, deer, and wild boar that are 
hunted are also included in the category of utilized forest 
products. Harvesting depends on seasonal availability and 
also market demand. The retrieval and gathering of wood 
as fuel is the most easy to use and is relatively plentiful. As 
a source of energy, firewood is used every day both for 
household and industrial purposes. 

Of the 61 species of forest plants utilized by Sesaot 
village, wood is the plant part most widely used, either as 
building materials, firewood, or therapeutic agents. Wood 
is still a major forest product for most people because it is 
needed for building material either used directly or offered 
for sale. Likewise with firewood, in the era of expensive 
fuels, the community looks for firewood as a cheap energy 
source to support their simple country lifestyle. Apart from 
wood, the other plant parts most widely utilized by people 
are the fruit and leaves (Table 2). 

Forests are one of the most important ecosystems on 
Earth. They are the origin of many sources of food, 
medicines, raw materials for construction, energy, and wild 
plants domesticated to become critically important crops 
(Tidwel 2016). In this study, the highest category of use is 
foodstuffs (20 species), ingredients in medications (18 
species), and building materials (15 species).The diversity 
of foodstuffs and medicines proves that food and health is a 
major priority for the independent livelihoods of the 
villagers living near the forest. Furthermore, use of timber 
plants for building materials usually depends on the mode 
of building construction preferred within the community. If 
the residential communities around the forest commonly 
use timber as their main building material, then this will 
require significant harvesting of forest plants for use as 
building materials. The utilization of forest plants for 
purposes other than these three categories (i.e. food, 
medicine and wood) are low (Table 3). 

Foodstuffs  
Exploitation of forests as a source of food by the 

community has been going on since ancient times. 
According to Ickowitz et al. (2016), forests and trees can 
contribute to food security and nutrition in at least three 
ways. First, forests contribute indirectly to food security 
through the ecosystems services that they provide to 
agriculture. Second, smallholder farming practices that are 
dependent on trees, such as swidden cultivation and 
agroforestry, likely result in more diverse diets since they 
produce a variety of foods. Third, people living in or near 
forests can have direct access unmediated by markets to 
wild foods from forest. Changing times do not transfer total 
food consumption out of the forest, especially for the 
people around Sesaot forest. Continuing population and 
consumption growth will mean that the global demand for 
food will increase for at least another 40 year (Sukara 
2014). Within the context of traditional plant use, the field 
of food and nutraceutical plants now seems highly relevant 
for ongoing efforts to improve biodiversity in food culture 
and food security (Sujarwo and Caneva 2016) Some people 
from the Sesaot community are of Sasak ethnicity. Sasak 
people divide their cuisine into three main categories: 
daharan (meal, main dishes, and their complements); jaje 
(snack); and ineman (beverage). Most daharan dishes are 
served as daily food; some are served in rituals and 
ceremonies (Sukenti et al. 2016). Fruit is generally a 
primary food source derived from the forest. This contrasts 
with the results of research of Sakai et al. (2016) in the 
Kalimantan Forests. According to Sakai et al. (2016), 
among the four NTFP categories, wild vegetables were  
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Table 1. List of plants in the regional SPF utilized by Sesaot and surrounding villages, West Nusa Tenggara Province, Indonesia 
 
Scientific name  Local name Uses  Processing  
Aglaia argentea Durenan  Hot beverage Wood boiled up, then drunk as a tea beverage 
Aleurites moluccanus Kemiri  Spices, firewood Fruit shell is broken and the fleshy part taken 
Alocasia macrorrhizos Bira  Anti-itch medication Stem sap is smeared on the body to ease the irritation from 

the sting of nettle leaves 
  Wrapper The leaves are used as wrappers for tobacco 
Alpinia galanga Ilat-ilat Deodorant The leaves are rubbed on the body while bathing 
Alstonia scholaris Lita  Treatment for malaria Bark is boiled in water; the boiled liquid is drunk 
Alyxia reinwardtii Bakti  Bird trap Stem sap is attached to a bamboo splinter or a place where 

the bird is looking for food 
Amomum compactum Kapulaga  Food  Young shoots are consumed as a stir-fry vegetable 
Anamirta cocculus Peron  Fish poison Fruit is crushed and put into the river to stun fish 
Antidesma bunius Wuni  Food  Edible fruit  
Ardisia humilis Lebeng  Craft/household appliance Wood is used to make the butt of a hoe or other implements 
Arenga pinnata Aren  Beverage  Inflorescence stalks are tapped for sugary sap (nira) used as a 

sweet energy drink 
Artocarpus elasticus Terap  Building material Wood 
  Food  Edible fruits, roasted seed 
Artocarpus heterophyllus Nangka  Food, firewood Edible fruit 
Baccaurea racemosa Kepundung  Food  Edible fruit 
Begonia grandis Beluncang  Ornamental plant, food  The stalk/flower is used as a flavoring for vegetable tarts 
Begonia multangula Beluncang  Ornamental plant, fever 

medication 
Whole plant is crushed and used in massaging the body 

Caesalpinia sappan Sepang  Heartburn medicine The bark is made as a tea beverage 
Calamus ciliaris Rotan  Craft materials Bag, rope 
Calophyllum inophyllum Bintangur  Food  Young leaves are consumed asa vegetable  
Calophyllum soulattri Badung  Anti-itch medication A drop of sap wood plus a drop of oil is smeared on the body 

to relieve the itch caused by insect bites 
Cassia siamea Johar  Furniture  Wood  
Clerodendrum speciosum Api-api Hair wash medication for 

killing head lice 
Leaves kneaded and then rubbed on the head 

Cordyline fruticosa Andong  Hepatitis medication Yellow leaves boiled, then the boiled liquidis drunk 
Costus spiralis Memunti  Medication for curing ulcers Bulbs are finely ground; a little salt is added, and then the 

paste is placed on festering body ulcers 
Dalbergia latifolia Sonokeling  Building material Wood  
Debregeasia longifolia Dara manuk Building material, firewood  Wood  
Diospyros malabarica Kelincung  Building material Wood  
Diplazium esculentum Paku nyantoh Food  The leaves are consumed as a stir-fry vegetable 
Dracontomelon dao Dao  Building material Wood  
Durio zibethinus Durian  Food  Edible fruit  
Dysoxylum parasiticum Garu  Building material Wood  
Elaeocarpus sphaericus Genitri  For health  Seeds made into a necklace 
Eugenia koordersii Klokos udang Building material Wood 
Ficus ampelas Pot alas Craft material  Finely abrasive leaves used for smoothing wood 
Ficus variegata Goa  Food  Young leaves are consumed as a vegetable 
  Toothache medicine The sap is applied to dental cavities 
Flacourtia rukam Rukem  Food  Edible fruit  
Freycinetia funicularis  Bengku  Craft material  The roots are used as a weaving material for household 

appliances 
Glochidion dasyanthum Tales  Medication for treating 

lacerating wounds 
The young leaves are finely ground, then placed on body 
lacerations caused by sharp objects such as knives 

Hoya macrophylla Daun tebal Medication for treating ear 
complaints such as deafness 

The young fruit is heated, squeezed into water, and then 
applied as drops sin the ear 

Macaranga triloba Klutuk  Building material, firewood  Wood  
Medinilla crassinervia - Ornamental plant Flower  
Musa x paradisiaca Pisang rabat Food  Banana stem is consumed as a vegetable 
Neolitsea javanica Udu madah  Building material Wood  
Nephelium lappaceum  Rambutan  Food, firewood  Edible fruit; Wood 
Nephrolepis hirsutula  Paku jangkang  Food  The leaves are consumed as a stir-fry vegetable. 
Pangium edule Pakem  Food  Fruit used as a flavoring 
Paraserianthes falcataria Sengon  Firewood  Wood  
Pinanga coronata Nubodo  Ornamental plant Outdoor ornamental 
Piper sarmentosum Sesaer  Food  The leaves are consumed as a stir-fry vegetable 
Planchonia valida Je  Building material  Wood  
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Platycerium coronarium Kadaka  Ornamental plant Outdoor ornamental 
Polyalthia longifolia Baleman  Building material  Wood  
Pterospermum javanicum Bayur  Diabetes drug Roots are sliced into small pieces, then mixed in wine and 

drunk 
  Building material firewood  Wood  
Sandoricum koetjape Kecapi  Food  Edible fruit  
Swietenia macrophylla Mahoni  Malaria medicine Seeds are pounded to make a beverage similar to coffee 
Syzygium cumini  Juwet  Food  Edible fruit 
  Building material Wood  
Syzygium lineatum Greget tunggak Food  Edible fruit  
 Building material Wood 
Syzygium polyanthum Jukut  Gout medicine The leaves are boiled, the boiled liquid is drunk 
Syzygium racemosum Sedia daya Building material Wood 
Tabernaemontana 
sphaerocarpa  

Kumbi  Arthritis drug  The half-ripe fruit is heated and then crushed and applied to 
arthritic joint 

  Wound treatment Fruit sap is applied to wounds 
Trevesia sundaica Pangang  Wrapper  Young leaves are used to wrap steamed fish  
  
 
 
 

 
Table 2. Classification of plant parts used by the Sesaot 
community, West Nusa Tenggara Province, Indonesia 
  
Plant part 
used 

Species 
number  

Percen‐
tage (%) Uses  

Wood  20 30.8 Building materials, furniture, 
firewood, medicine, craft materials 

Fruit  15 23.1 Foodstuffs, medicine  
Leaves 13 20.0 Foodstuffs, medicine, wrappers 
Sap  5 7.7 Medicine, bird trap  
Flower  2 3.1 Foodstuffs, medicine, ornamental 

plant 
Stem  2 3.1 Foodstuffs 
Bark  2 3.1 Medicine 
Seed  2 3.1 Spices, craft materials, medicine  
Root  2 3.1 Medicine  
Shoots  1 1.5 Foodstuffs 
Tuber  1 1.5 Medicine  
Total  65   
Note: a species can have more than one plant part used 
 
 
 
 

 
Table 3. Number and percentage of species within each category 
of plant use in Sesaot community, West Nusa Tenggara Province, 
Indonesia 
  

Categories for the use of plants Species 
number 

Percentage 
(%) 

Foodstuffs/beverages 20 27.0 
Medicinal plant 18 24.3 
Building materials  15 20.3 
Firewood  6 8.1 
Ornamental plant 5 6.8 
Craft material/household appliances 4 5.4 
Catcher animals 2 2.7 
Wrapper  2 2.7 
Spices  1 1.4 
Furniture materials  1 1.4 
Total  74  
Note: a species can be in more than one category of utilization 
 

among the most frequently collected resources. Fifty-nine 
percent of households collected wild vegetables, one to 
three or more times a month. This was followed by 
firewood and mushroom collection, whereas fruit 
collection was the least frequent activity among the four 
categories.  

Other than as a producer of fruits, some species of wild 
plants in SPF also serve as a non-fruit food ingredient. 
Many species of plants produce certain parts that can be 
used as a vegetable, both for subsistence and for the 
market. Paku nyantoh (Diplazium esculentum (Retz.) Sw.) 
and paku jangkang (Nephrolepis hirsutula (G. Forst.) C. 
Presl.) are examples of wild plants used as vegetables. 
Besides being cooked and consumed directly, these fern 
leaves are mostly harvested for sale in the market. Paku 
nyantoh in Indonesia is generally known as a vegetable. 
Leaves of paku nyantoh, based on the research of Seal 
(2012) and Tongco et al. (2014), have a high protein 
content. On the other hand, the young leaves of ‘goa’ 
(Ficus variegata Blume) and the stalks of the banana, 
‘rabat’ (Musa x paradisiaca L.), are more widely consumed 
directly. In Kalimantan, F. variegata leaves are also used 
as a vegetable and are believed to increase the milk of 
mothers (Lushaini et al. 2015). Vegetables obtained from 
wild plants are rarely widely promoted in the market, and it 
is very likely that they could be more useful than is already 
commonly recognised. In research by Srianta et al. (2012) 
on leafy vegetables of wild Paederia foetida and Erechtites 
hieracifolia in two villages of Pandaan, East Java both wild 
species were found to have the potential to supply nutrients 
and phytochemicals for local people’s daily life, of a value 
quite comparable with that of commercial and commonly 
consumed leaf vegetables in Indonesia. 

Medicinal plants  
Indigenous people develop traditional knowledge in a 

practical context arising out of daily necessity. Thus, 
documentation of medicinal plants, even very simple 
records, can provide a valuable contribution to wider 
society (Himmi et al. 2014). Traditional medicinal 
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knowledge can depend on forest resources as well as on 
resources cultivated in herbal gardens (Antons 2010). For 
example, it is said that 25% of the raw materials for the 
traditional Indonesian medicine ‘jamu’ is collected from 
the forests by people knowledgeable in regard to the 
medicinal benefits of such forest resources, but that the 
number of such skilled collectors is in decline and that 
there is a danger of unsustainable harvesting of wild plants. 

Traditional knowledge of plants for medicinal uses in 
rural areas is a significant potential connection between 
plants and local peoples. Plants can often provide low cost, 
efficient, treatments for certain problems, with few side 
effects (Patel 2014). There are many plants of SPF with 
potential medicinal uses, but this study only obtained 14 
species that were found to be commonly used by the 
public. The reliance on folk medicines for health care is 
associated with a lack of modern medicines and 
medication, with poverty, and with traditional beliefs in 
their effectiveness (Joshi and Singh 2010) 

Bajur roots is one of the ingredients that is popular and 
much sought after today in the Sesaot region. Bajur root 
sare the size of adult finger nails (± 2 cm) and once sliced 
and dried, they can be mixed in a bottle (600 ml) of palm 
sugar water (‘tuak’). Once blended, it becomes a red wine 
ready for drinking. This drink is usually served in rituals of 
the Sasak. Sasaknese have a traditional banquet adopted 
from Bali called ‘begibung’, which is a way of eating 
together, communally, from one large plate called a 
‘janggel’. Begibung was first introduced by Karangasem 
kingdom soldiers when they occupied Lombok in 1692. 
For hygienic reasons, sometimes the janggel is replaced by 
individual plates. Begibung is still carried out in some 
villages in Lombok (Sukenti et al. 2016). 

 
 

 
 
Figure 2. Tuak bajur, health drink from Sesaot village, West 
Nusa Tenggara Province, Indonesia 

For diabetics, ‘tuak Bajur’ is believed to serve as a 
potent drug. In addition, people believe that if the root of 
Bajur are mixed with ordinary water it can be used as a 
hemorrhoid medicine. Sesaot people usually sell root of 
Bajur in markets around Narmada, or individually, by root 
collectors to health drink makers, at a price of Rp. 75,000-
80,000 per three kg. 

According to Salempa et al. (2014), the root/bark of 
Pterospermum javanicum can treat dysentery, toothache, 
ulcers and sprains. Extracts of Pterospermum also havea 
anti bacterial potential. In addition, there are some other 
important medicinal plants species, like lita (Alstonia 
scholaris) and mahogany (Swietenia macrophylla) used to 
treat malaria. About 300 distinct native ethnicities live in 
Indonesia and each ethnic group has used their traditional 
knowledge to develop medicines based on the availability 
of materials in their own locality. The geographic 
variability across Indonesia dictates that different plant 
species are utilized to cure various diseases by different 
ethnic communities in different regions of the country 
(Batubara and Mitsunaga 2013). Alstonia scholaris is 
generally used as a cure for malaria by various ethnic 
groups in Indonesia. Beside this, A. scholaris is also used 
by Indonesian people for some other diseases. For example 
this species is believed by the Cikondang community to 
provide a cure for intestine disease, dysentery and diabetics 
(Ramdhan et al. 2015). Lita (A. scholaris) stem sap is also 
used as medicine for diarrhea by the Sasak people. 

Building material 
The technical requirements for wood as a building 

material are principally, strength, adequate size, and high 
natural durability. In SPF, there are some plants that give 
strong, durable timber suitable as building materials. These 
include the species recognized in the timber trade as ‘garu’ 
(Dysoxylum parasiticum (Osbeck) Kosterm.), ‘Bajur’ 
(Pterospermum javanicum Jungh.), and ‘udu’ (Neolitsea 
javanica (Blume) Backer). The main problem with these in 
general is that the continuous use of these particular 
timbers results in reduction in the population of mature 
stands and even damage to the ecosystem in broad terms. 
As stated by Abimaje and Baba (2014), some building 
materials such as steel, glass and concrete are 
manufactured from mineral raw materials extracted from 
geological resources. Timber on the other hand requires the 
felling of mature trees which take many years even many 
decades to replace, so without due consideration to 
afforestation, there is high risk of over-exploitation out 
stripping the natural rate of forest replacement and 
increase, leading ultimately to imbalance in the ecosystem, 
environmental degradation, desert encroachment and even 
complete desertification. 

Most people who live in Sesaot are ethnic Balinese and 
Sasak. As was the traditional custom of the Balinese, garu, 
a fragrant wood, is often used as a construction material for 
temples, and for pillars of houses. On the other hand, Bajur 
wood is more suitable for interior construction purposes, 
particularly for boards or beams. In addition, Bajur wood is 
used for detailed carpentry, flooring, and furniture.  
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There are at least ten species of wood commonly 
illegally harvested by the community, either for their own 
use or for sale to collectors. According to Rahayu et al. 
(2012) demand for wood is directly linked to traditional 
house construction in local communities around the forest. 
Wood is also important for house furniture items, for 
farming equipment and for fuel, among other uses. Garu 
and Bajur are the two favored timber species, often 
illegally harvested in Sesaot forest. Bajur wood prices in 
Sesaot are around 3 million rupiah per cubic meter. The 
wood is usually sold to collectors, then by collectors sold 
on to furniture craftsmen in Narmada, especially in the 
Narmada market. Bajur wood can also be used as an 
ingredient for the manufacture of plywood, furniture, ship 
building, bridges, pulp and paper. 

Material for firewood 
Lee et al. (2015) have done research in forest margin 

communities around the Rinjani Forest, located in western 
and northern Lombok. The communities there use woody 
biomass, including tree branches, palm fronds, dead wood 
and bamboo for everyday cooking, all of which they 
collect, and/or buy from local markets. The most 
commonly reported source of these materials was 
agroforestry areas, often referred to as mixed gardens. 
Species with dense biomass that require frequent pruning, 
such as coffee and cacao, provide an especially good 
source of fuel-wood. Firewood is also collected from forest 
cultivation areas and primary forests. Forest cultivation and 
firewood collection from primary forests are illegal, but 
incidents of these are infrequently reported and offenders 
are rarely charged. 

Sesaot community dependence on firewood is very 
high, both for households and for commercial use. The 
study of Sakai (2016) found that the usage of NTFPs were 
negatively associated with wealth only for firewood 
collection; poor people, who could not afford to use as 
much gas as wealthy people, collected and used more 
firewood. For the case in Sesaot, not only poverty, but 
cultural or customary practices are determinants of 
significant use of firewood. At the time of traditional 
events and religious rituals, the Sesaot have the most need 
of firewood for cooking purposes. For example, in 
weddings, the provision of firewood is one of the requests 
made by the family of the bride to her husband-to-be. The 
species of plants used as firewood are, among others: 
mahogany (S. macrophylla), albizia (P. falcataria), bajur 
(P. javanicum), jackfruit (A. heterophyllus), rambutan (N. 
lappaceum), walnut (Aleurites moluccanus (L.) Willd.), 
and dara manuk (Debregeasia longifolia (Burme.f.) 
Wedd.). The best wood used for firewood is from 
hardwood species. Hard wood is usually heavier, and 
heavier wood is directly proportional to its density (BJ). An 
estimated 70% of the energy consumed by people in 
Indonesia comes from firewood. The use of plants as 
firewood is not without ecological risk because people 
often overlook the need for maintain the long-term 
preservation in the forest of stands of those species that 
provide them with the firewood. The Sesaot forest is 
currently dominated by stands of species that are of less 

importance with regard to conservation. This is presumably 
because of the replacement of native forest stands with 
stands that are cultivated to provide more economic benefit 
to local communities in the short term, especially stands 
that produce firewood. Stupak et al. (2011) has said that no 
timber suitable as fencing poles may be processed or 
marketed as firewood. 

Ornamental plants  
Aside from being a source of food, clothing, and 

building materials, forests can have various species of 
plants with potential as ornamentals. Ornamental plants are 
important to increase the scenic beauty of the human 
environment. Ornamental plants have valuable functions in 
beautifying the appearance of homes and buildings through 
landscaping (Sihombing et al. 2015).  

Forest plants that could potentially be developed as 
ornamental plants in general include groups like the palms, 
ferns, and orchids. Nubodo (Pinanga coronata (Blume ex. 
Mart.) Blume) and kadaka (Platycerium coronarium Mull. 
Desv.) are two species that the Sesaot use as ornamental 
plants in some yards. However, in some situations, P. 
coronata could cause a problem because it has an invasive, 
weedy potential. Keppel and Watling (2011), and Parker 
and Parsons (2011) reported that Pinanga coronata poses 
the largest threat to the native biodiversity of rainforests in 
Fiji and Hawaii. On the other hand, the species Platycerium 
coronarium is popular as an ornamental plant due to its 
uniquely shaped fronds (Taha 2011). 

The ornamental plants listed in Table 3 are specifically 
for non-orchid plant groups. Ornamental species from 
among the orchids are also commonly found in SPF and 
planted in house yards and porches. According to 
Bawaihaty (2014), several species of orchids will not 
survive if there are no mosses in a forest. The presence of 
orchids in SPF implies that the forest is sufficiently damp 
to enable mosses and various species of natural orchids to 
grow. Some species of forest orchids like Corymborkis 
veratrifolia (Reinw.) Blume, Tropidia angulosa (Lindl.) 
Blume, and Dendrobium salaccense (Blume) Lindl. can be 
found in the yards of most homes of Sesaot Village. 

Craft materials/household appliances 
There are four species of plants that are used as craft 

materials and household appliances in SPF, namely johar 
(Cassia siamea Lam.), pot alas (Ficus ampelas Burm.f), 
bengku (Freycinetia funicularis (Savigny) Merr.), and 
lebeng (Ardisia humilis Vahl.). The lives of most villagers 
still rely on simple tools for a range of creative uses. 
Kitchen equipment, mortars, and gardening tools such as 
hoes are still made from wood obtained from forests, wood 
of species such as lebeng. Nedelcheva et al. (2011) 
reported that most traditional handicrafts are connected 
with major household or community activities, such as 
food preparation, or are components of apparel, furniture, 
or house features. Handicrafts are part of their activities, 
but not the main occupations inherited from their 
forefathers (Reddy et al. 2008). Handicraft is only 
considered to be an auxiliary job, because farmers are only 
able engage in handicrafts once they have finished their 
field work (Hien et al. 2016). 
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such as sap and bark and does not destroy the long term 
viability of the plants at current levels of use. 

High risk (low potential for sustainability) 
The use of plants as building materials and firewood 

creates high risk for sustainability. This is because this kind 
of utilization depends of cutting down the trees or large 
portions of them. Various protective efforts based on legal 
enforcement instruments are unable to achieve significant 
outcomes, because illegal cutting and logging within the 
forest actually continues despite these measures. 

Iswandono et al. (2015) in his research among the 
Manggarai people gained knowledge of community efforts 
aimed at minimizing the impact of using trees as building 
materials. The Manggarai perform traditional ceremonies 
when felling large trees from the forests to build a house. 
This applies a level of social sanction against overly 
exploitative tree-felling. These rules are sufficiently 
effective to be replicated in other areas that have similar 
cultures, such as in Sesaot. The Sesaot apply traditions 
called ‘awig-awig’, written customary rules, which among 
other things aim to regulate the extraction of firewood. 
Supposedly, awig-awig can also play a role in the 
management of logging in the forest if all elements of 
society do appreciate these customary rules. Some species 
that are endemic and legally protected, such as rajumas, 
Bajur, and klokos, but that are being targeted by illegal 
loggers, ought immediately be brought under the protection 
of the awig-awig rules applicable in Sesaot. Institutional 
protection of forests by awig-awig provides a greater space 
for civil society to participate in the efforts to achieve 
sustainability of function and utilization of forest resources. 
These kinds of customary laws are flexible, participatory, 
and accommodative of peoples’ needs and patterns of 
belief (Jayadi et al. 2014). Bajur in particular is at high risk 
of extinction locally due to use of parts such as roots and 
stems that is damaging to whole plant survival. Stronger 
traditional sanctions need to be applied to the over-
exploitation of this species. 

In summary, there are many potential plants from 
Sesaot Protected Forest areas that can be utilized by the 
local community either for their own use or for sale. Many 
of the forest plants currently used are for wood, for 
building materials and fuel, while others are used as 
medicine, food, craft materials, household utensils, 
ornamental plants, and for a variety of other uses. 
Utilization of forest plants places varying levels of risk on 
long term conservation of forest plant species, depending 
on the volume of use and the particular plant parts used. 
However, through traditional cultural practices, such as 
awig-awig, the potential extinction of plant species in 
Sesaot can be avoided. 
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Abstract. Anna Z. 2017. Indonesian shrimp resource accounting for sustainable stock management. Biodiversitas 18: 248-256. Shrimp 
fisheries is a resource of important economic value, and is one of the high-demand commodities. Although regarded as a resource that 
has the ability to grow relatively quick and allows for a year-round production, these resources could experience declining production, 
or even extinction, if not managed properly. Planning the management of shrimp fishery stock requires basic information on the stock 
dynamics, both in terms of its natural production and utilization, through resource accounting, mandated by the Agenda 21 of United 
Nation Conference on Environment and Development (UNCED), formulated in the System of Integrated Environmental and Economic 
Accounting (SEEA). This study measures the accounting of the shrimp resources, both physical and monetary. In addition, the study 
also aims to measure the shrimp resource that can be utilized (fishable biomass), from the balance of resources. The approach used in 
this study is a standard bioeconomic model, with Fox model to estimate biological parameters, and methods of System of National 
Accounts of FAO (2004), named recursive model, adapted to the existing data. The results of the analysis, includes the calculation of 
standing stocks (physical asset account), fishable biomass, depletion, as well as monetary accounts. Result shows that the overall 
condition of the stock still in surplus, where the standing stocks from 1988 to 2014, are in the range of 200,000 to 900,000 tons yearly, 
with the monetary value between IDR 500 billion to 2 trillion. The intrinsic growth of shrimp tend to be positive in average, with values 
in the range of -258,000 tons to 263,890 tons. The trend estimation for the next five years (2015-2020), showed a decrease in the stock, 
and the stock closed as many as 350,000 tons in 2020. This paper also suggests the policy recommendations for the development and 
management of shrimp resources, in Indonesia. 

Keywords: Bio-economic modelling, fishery accounting, fishery stock management plan, monetary account, physical account, shrimp 

INTRODUCTION 

Fisheries resources in general and shrimp resources in 
particular are among the natural resources biodiversity 
found in Indonesia, capable of contributing to state income 
and improving the welfare of its citizen. Indeed, sustainable 
management of the biodiversity is an inevitable requisite in 
attaining such aims. Management of renewable fisheries 
resources is in essence a given, since the resource’s limited 
growth and carrying capacity. Thus, managing the 
extraction of the resource with the afore mentioned 
considerations, is key and provides positive feedback in 
sustainable utilization and the stock biodiversity of shrimp. 
The biodiversity of shrimp in Indonesia consist of some 
species, such as: Metapenaeus affinis, Metapenaeus 
brevicornis, Metapenaeus ensis, Metapenaeus barbata, 
Penaeus monodon, Parapenaeopsis hardwickii, 
Parapenaeopsis sculptilis, and many more (Marine and 
Fisheries Statistic Data System 2014).  

Fisheries resources management, which is economically 
and environmentally sustainable is a necessity. It is 
imperative to establish the link between the flow of fish 
stock and economic aspects of capture fisheries. The link 
may be established by means of economic accounts of 
fisheries resources. National resource accounting, a 
measure of both aggregate and sectoral sustainable 
development processes, provides an overview and direction 

on how the degree of extraction of fisheries resources 
relates with the financial flow it provides (monetary 
account) in the past, present, and future (Theys 1989; 
Neumayer 2000; Hediger 2004), notes that natural resource 
accounting (also known as patrimony account), alongside 
national accounts and satellite accounts can be used to 
define alternative scenarios of sustainable development 
under various evaluation criteria. 

The conventional nature of national accounting system 
does not take into consideration volume changes of various 
natural resources, e.g. stock of capture fisheries 
(Danielsson 2001). Natural resources make important 
contributions to long-term economic performance and 
should be considered economic assets (Sukhdev 2010). 
Considering the thesis of a large literature, that net national 
product (which is a flow) is that index in closed economies, 
is shown in some interpretations to be simply false and in 
others to suffer from deep estimation problems (Dasgupta 
2009). Natural resource accounting, such as on fisheries, 
generates new nuances in the calculation of regional and 
national economic performance. In general, both 
performances only account for production, production 
value, or Gross Domestic Product (GDP) or Gross 
Regional Domestic Product (GRDP), without counting for 
resource extraction (WCED 1987). Fisheries resource 
accounting can provide a detailed picture of upstream to 
downstream resource flow (FAO 2004). It should be noted 
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that the capture fisheries sector, only contributed 0.5% to 
2.5% to the GDP globally (Béné et al. 2007). This small 
share, is caused by not incorporating fisheries accounting, 
to GDP calculations. Current accounting practice, groups 
fisheries with agriculture, which considerably reduces 
detailed accounts on fisheries, in addition to usage of rough 
estimates. The initiative to conduct fisheries resources 
accounting should be practiced by the government, 
mandated by the Law No. 32 Year 2009 on Environment 
Protection and Management, stipulates for the formation of 
a unified national natural resources account. 

In addition, sustainable development, as suggested by 
the Brundtland Commission (WCED 1987), is a buzzword 
whose operations may be carried out through the System of 
National Account (SNA). The system, a calculation of 
sectoral aggregates, introduces the term fisheries resources 
accounting. The accounting practice is of importance in 
sustainable development due to its ability to provide 
primary economic information on the fisheries sector, 
especially to understand the stock dynamic of which may 
be used for analysis and decision making. 

The accounting practice also provides the capability to 
calculate the stock available in the waters as well as 
depletion of fisheries resources, which at some point can 
threat the stock biodiversity. Fauzi and Anna (2004) noted 
that the current decision-making process is yet to consider 
resource depletion in fisheries policy making. Current 
fisheries development paradigm predominantly focuses on 
growth oriented policy, wherein GDP is the primary 
indicator of its development. The use of GDP to accurately 
and comprehensively measure the economic performance 
of natural resources, however, is to a certain extent 
misleading, as it does not factor resource stock dynamic 
and its depreciation (Hartwick 1990; Hung 1993; Maler 
1991; Repetto 2002; Van den Bergh 2009). It thus goes 
without saying that incorporating resource stock dynamic 
and its depreciation reduces the probability of producing 
misled policies. 

Detailed and publicly accessible fisheries resource 
accounting have been widely-practiced in countries where 
fisheries contributes significantly to the GDP, e.g. in 
Canada, United States, Japan, Iceland, Maldives, and 
Namibia. Several countries where there is little fisheries 
contribution to their GDP, such as Brazil, Chile, South 
Korea, Philippines, New Zealand and South Africa have 
also began the practice (Harkness and Bain 2007; Watson 
and Morato 2013; Laugen et al. 2014). 

By accommodating such practice, the Indonesian 
capture fisheries sector can play an active role in global 
fisheries in at least two important aspects. First, 
maintaining the sustainability of capture fisheries through 
efficient, economic, and cost-effective benefit and stock 
management. Second, identical standing in global fisheries 
so as to simplify decision-making in national and 
international fisheries development. 

Fisheries resource accounting illustrates the dynamics 
of stock changes on both supply and utilization sides, the 
latter of may be due to natural or human economic 
activities. Stock changes as shown in the account, are 
significantly different to that of the dynamic stock usually 

done in stock assessment, that more reliance on biological 
factors while neglecting economic dynamics. By using 
fisheries resource accounting, changes in both aspects may 
be systematically ascertained and primarily consulted in 
formulating the Fishery Management Plan as stipulated by 
Law No. 45 Year 2009 on Fisheries. As some experts said 
that Indonesian fish has already experienced stock decline 
due to overfishing and over capacity (Squires et al. 2002; 
Anna 2003; Fauzi and Anna 2012), this study aims to 
calculate shrimp resources accounting or stock accounting 
in Indonesia, to understand the dynamic of Shrimp resource 
as a basis for future planning in maintaining the stock 
biodiversity for sustainable shrimp management. 

MATERIALS AND METHODS 

The study area is Indonesian’s ocean as a whole, and 
the study was conducted in 2012 and 2015. The shrimp 
refers to all species shrimp caught in Indonesian ocean. 
Technically, data analysis procedures, i.e.firstly, filtering; 
secondly, standardization; and thirdly, calibration of 
secondary data, is used to calculate shrimp resource 
accounting. The data analysis using time series secondary 
data from the year of 1988 to 2014 (MMAF 1988-2014), 
from the source of Indonesian Fisheries Statistic. Data 
derived from the production of shrimp fishing gear, namely 
trawl, seine net and trammel net. Shrimp production is the 
total national production, with most production coming 
from eastern Indonesia (Arafura Sea), and Java's northern 
waters. The analysis is needed to provide input to physical 
and monetary calculations, in addition to bio-economic 
calculations in subsequent stages. Furthermore, surveys to 
analyse primary data are carried out so as to establish cost 
structures and business profiles, both part of monetary 
account calculations. Surveys are done on fishing 
businesses requiring national permits (above 30 GT) and 
regional permits (below 30 GT). The survey is meant to 
provide comprehensive changes in fish stock. Fishing 
businesses are surveyed using purposive sampling, with a 
minimum population of 10% of the analysed fishing 
equipment. 

At the fourth stage, bio-economic analysis is conducted 
to obtain the benchmark stock values and natural changes 
of the analysed fish stock. The approach uses at least 10 
years of series data.The bio-economic approach is 
conducted by incorporating standard bio-economic models 
(Fauzi 2010; Anna and Fauzi 2014), into econometric 
analysis approaches. This is used to calculate changes in 
fish stock balance. The econometric approach uses various 
modelling methods to find the best fitting model. Bio-
economic approach is also used to calculate unit rent. This 
is done by calculating commonly used rent calculations in 
balance accounting, i.e. measuring actual economic surplus 
and sustainable rent at incurred cost. The unit rent then 
becomes the basis to calculate the monetary account. 

The fifth stage of the analysis is calculating the physical 
and monetary accounts based on parameters calculated in 
stages 1 to 3. Physical accounts are calculated using 
Microsoft Excel. The calculated physical accounts are then   
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Figure 1. Technical step approach on fisheries resource account 
 
 
 
 
calibrated with actual data to obtain reliable figures. In 
addition, comparison to actual production is also used to 
understand whether there is actual surplus or deficit of the 
studied resource. Monetary accounts are analysed by 
combining physical accounts and unit rent, thus producing 
time to time economic flows. The monetary flow also 
provides a sketch of the value of fisheries assets. The 
monetary accounts are also calibrated with actual 
production values to measure economic surpluses or 
deficits of fish stocks studied. The technical approach 
outlined above is illustrated in Figure 1. 

Econometric data analysis is used to define biophysical 
parameters, such as fish growth, carrying capacity, and 
fishing capacity coefficient. Econometric analysis is 
conducted using ordinary least square (OLS) and 
generalized least square (GLS). The latter is used if OLS 
does not satisfy the goodness of fit criteria. A general 
equation to define biophysical parameters is: 

 
y = f (x1, x2, e) 
 
Where y is productivity indicator x1, x2 is input 

parameter (effort), and e is error term. More specifically, 
the general model is defined using the Clarke, Yoshimoto, 
and Pooley (CYP), (Clarke et al 1992) formula, where the 
biophysical parameter is estimated as follows: 

 
y = α + βx1 + γx2 + ε 

Where y is catch per unit effort, x1 is average of the 
catch per unit effort (CPUE), and x2 is average effort. 
Parameters α and β are coefficients denoting the 
biophysical growth value, environmental carrying capacity, 
and catch effort coefficient. 

Next, the estimated value of the parameter above is 
used to determine the initial standing stock using bio-
economic approach, as follows: 
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Πt=Economic benefit in t period 
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The equation above is solved using Lagrangian function 
to derive the Maximum Principle, as follows: 
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The result of the equation above is the standing stock, 

i.e. initial stock amount for balance calculations, as 
follows: 
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After the value of the initial stock is determined, the 

next step is to conduct a tabulated balance calculation 
(Table 1), using recursive model from FAO (2004) as 
follows: 
 
Table 1. Physical account calculations 
 
Variable T1 T2 T3 T4 T5 
Opening Stock X1 X2 etc   
Production      
Growth      
Depletion      
IUU      
Other Change      
Closing Stock X2 X3 etc   
 

To calculate monetary accounts, economic rent must be 
first calculated using the following equation (Fauzi 2010): 

 
RR = TR-(IC+CE+CFC+NP) 
NP = rK 
 
Where: 
TR = total revenue 
IC = intermediate consumption 
CE = compensation of employee 
CFC = compensation of fixed capital 
NP = normal profit, calculated by multiplying value of 

capital 
 

Having established the value of unit rent, the value of 
depletion can thus be calculated using the method proposed 
by Repetto (2002), as follows: 

 
VDt = RR (Dt) 
 
Where:  
RR=Resources Rent 
Dt = Depletion at t 
 

RESULTS AND DISCUSSION 

Result 
The calculation fisheries resource accounting, as 

described above consists of physical and monetary 
accounts. The analysed Indonesian fisheries data is an 
aggregate of the Indonesian Fisheries Management Area 
(WPP-RI), based on capture fisheries statistics, and cross-
checked data from surveyed sites. The economic data on 
price and cost are data series obtained from aggregating the 
average Indonesian price of fish and cost of fishing per trip. 
The data is assumed to be constant and adjusted to the 
Indonesian Consumer Price Index using time series 
analysis. 

Analysis of fisheries resource accounting employs 
recursive model. A number of analysis models to estimate 
parameter values, such as CYP, Fox, Walter Hilborn, and 
Schnute (Fox 1970; Schnute 1987; Clarke et al. 1992; 
Hilborn and Walter 1992),  are used to obtain robust 
estimates and sound statistical performance. Fox’s 
estimation model is found to be the best-fitting biological 
parameter estimate while economic parameters are 
obtained from survey results and processed using the geo 
mean technique with CPI adjustments. 

In both physical and monetary accounts, recursive 
analysis is used incorporating the following variables: (i) 
Initial stock: the fishable biomass available. (ii) Production: 
total catch of certain fish in certain years. (iii) Growth: total 
number of naturally maturing fish from reproduction or 
natural production surpluses. (iv) Depletion: production 
changes, i.e. the difference between sustainable yield 
production and actual catch. (v) Illegal Unregulated and 
Unreported Fishing: describing unreported catch or caches 
from illegal fishing vessels. (vi) Other changes: changes in 
fish stock caused by external factors other than fishing or 
IUU. (vii) End stock: stock available at the end of the year 
and initial stock in the following year. 

The compound growth rate (CGR), linear, and quadratic 
models are used to project the forward accounts in the next 
five years (five years from the latest 2014 data). The 
suitable model used is that which has the lowest mean 
square error (MSE). Each model is first processed using 
time series regression and actual production. Regression 
analysis is used to allow trend analysis and forecasting of 
the data. The recursive model considersinitial stock, 
production, growth, and end stock variables. 

Shrimp fishing production in Indonesia fluctuates 
between 150,000 tons to 230,000 thousand tons chane 
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throughout year, as shown in Figure 1. The highest 
production took place in 2002 at 263,000 tons. The total 
effort over year is shown in Figure 2. Figure 2 shows that 
trip efforts for Shrimp Fisheries from 1988 to 2014, 
fluctuate between 1.1 million to 5.6 million trips 
throughout the year. The trips data is from Indonesian 
fisheries statistic, reprocessed.  

Table 2 shows the biological and economic parameter 
estimates of shrimp fishing in Indonesia.The table shows 
that the carrying capacity of shrimp in Indonesian waters is 
approximately 743 thousand tons. The biological parameter 
estimates of each WPP is shown in Table 3. Table 2 shows 
that the average growth (r) of every WPP is 1.42 with WPP 
718 being the lowest (r=0.97) and WPP 573 the highest 
(r=2.77). The average fishing capacity coefficient (q) using 
shrimp fishing equipment is 4.1×10-5 with WPP 712 being 
the lowest (q=7.5×10-8) and WPP 718 the highest 
(q=2.9×10-4). The average carrying capacity (k) is 
82,168.63 tons with WPP 573 being the lowest 
(K=8,496.56 tons) and WPP 571 being the highest 
(k=216,302 tons). 

Table 4 shows the recursive modelling of the physical 
shrimp resource account. Initial stock in 1988 was 258 
thousand tons. Shrimp production increased year over year 
while growth fluctuated, culminating in negative growth 
from 1998 to 2000. The negative values were caused by 
other significant factors, such as bad water quality. Shrimp 
stock in late 2014 is estimated to be 244 thousand tons. 

Table 5 shows the trend analysis of shrimp resources. 
Forecast using non-linear quadratic model with the lowest 
mean absolute percentage error (MAPE=6 as in figure 4 
trend analysis plot for production), predicts increased 
future production. As shown in the table 5, the initial stock 
in 2015 was 244 thousand tons and end stock in 2020 
would be 351 thousand tons. Production is predicted to 
fluctuate with a tendency to drop by 2020. By 2020, 
production is predicted to be approximately 213 thousand 
tons. Growth, on the other hand, shows significant 
increases; initial growth in 2015 was approximately 233 
thousand tons and closes at 256 thousand tons. 
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Figure 1. Total shrimp production in Indonesia (MMAF 1989 to 
2015) 
 

 
 
Figure 2. Effort in Indonesian shrimp fisheries (MMAF 1989 to 
2015) 
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Figure 4. Trend production analysis  (quadratic model) of shrimp 
resources 
 
 
 
Table 2. Biological and economic parameter estimates of shrimp 
fisheries in Indonesia 
 
Parameters Value 
Intrinsic growth (r) 1.42 
Fishing capacity coefficient (q) 0.000000233 
Carrying capacity (k) 743.365,.30 
Price (p), million rupiah/ton 9,037270199 
Cost per trip (c), million/trip 0,020855029 
Discount rate (δ) 0.08 

 
 
 

Table 3. Biological parameters of shrimp resources in each 
Fisheries Managemen Area (WPP) 
 

WPP-RI Biological parameter 
r Q K 

WPP 571 1.26 0.0000007578 216,302.85
WPP 572 1.57 0.0000006653 27,798.39
WPP 573 2.77 0.0000031962 8,496.56
WPP 711 1.70 0.0000020098 126,678.58
WPP 712 1.11 0.0000000752 114,686.54
WPP 713 1.99 0.0000001439 172,965.63
WPP 714 1.51 0.0000159240 75,252.53
WPP 715 1.90 0.0000345288 41,850.85
WPP 716 1.40 0.0000033656 63,648.68
WPP 717 1.19 0.0000985028 18,079.98
WPP 718 0.97 0.0002946535 38,094.29
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Table 6 shows the recursive modelling of the monetary 
shrimp resource account. As shown, the monetary value of 
shrimp stock in Indonesia fluctuates, with the highest in 
1999 at a value of IDR 2.3 trillion and lowest in 2004, at a 
value of IDR 495 billion. The value of shrimp stock in 
1988 was IDR 687 billion, closing at IDR 616 billion in 
2014. The 2014 value is initial stock value of 2015. 

Shrimp growth value tend to fluctuate, culminating in 
negative growth in 1998, 1999, and 2000. The negative 
values were caused by the relatively high standing stock 
value and over stretching of its carrying capacity. 
Nonetheless, positive growth continued in subsequent years 
with a monetary value between IDR 142 billion to 699 
billion. 

Table 7 shows future trends in the monetary account of 
shrimp in Indonesia. The monetary value of the Indonesian 

shrimp stock increases steadily in the next five years, from 
IDR 648 billion in 2015 to 929 billion in the end of 2020. 
Predicted growth fluctuatessteadily, with a value of IDR 
617 billion to 618 billion per year. 

Discussion 
Based on the findings presented above, this study 

arrives at the following shrimp condition, that as a whole, 
the Indonesian shrimp stock is in surplus. Nonetheless, 
annual trend of shrimp stock fluctuates. Recursive 
modelling shows that the standing shrimp stock is between 
200 thousand to 900 thousand tons with a monetary 
between 500 billion to 2 trillion Rupiah. On average, the 
natural growth of shrimp is positive with a range between -
258,000 tons and 263,890 tons.  

 
 
 
 
Table 4. Recursive modelling of shrimp resource account 
 
Year Opening stock Production Growth Depletion IUU Other change Closing stock 
1988 259,337.27 153,806 239,784.72  (471,690.54) 15,380.60  (580,252.11) 221,373.82 
1989 221,373.82 143,269 220,737.30  (557,667.96) 14,326.90  (471,185.92) 370,997.26 
1990 370,997.26 144,819 263,893.78  (225,349.94) 14,481.90  (349,022.00) 351,918.08 
1991 351,918.08 151,435 263,148.47  (265,653.64) 15,143.50  (190,287.14) 523,854.55 
1992 523,854.55 164,475 219,660.80  (120,679.86) 16,447.50  (437,618.76) 245,653.96 
1993 245,653.96 156,827 233,554.03  (531,666.40) 15,682.70  (333,445.43) 504,919.26 
1994 504,919.26 177,734 229,984.26  (148,989.14) 17,773.40  (332,177.73) 356,207.53 
1995 356,207.53 171,954 263,437.22  (309,224.23) 17,195.40  (258,737.26) 480,982.33 
1996 480,982.33 187,269 241,074.25  (181,743.14) 18,726.90  (150,697.24) 547,106.58 
1997 547,106.58 212,252 205,110.06  (155,156.00) 21,225.20 94,823.67 768,719.11 
1998 768,719.11 222,910  (37,230.34)  (36,801.30) 22,291.00 371,192.78 894,281.85 
1999 894,281.85 238,865  (257,808.57) 2,845.46 23,886.50 461,969.08 832,845.40 
2000 832,845.40 249,032  (142,356.37)  (20,191.62) 24,903.20 266,523.31 703,268.76 
2001 703,268.76 263,037 53,865.95  (88,441.41) 26,303.70 19,097.81 575,333.22 
2002 575,333.22 241,485 184,670.58  (163,015.65) 24,148.50  (152,277.73) 505,108.22 
2003 505,108.22 240,438 229,888.01  (232,360.22) 24,043.80  (516,022.03) 186,852.62 
2004 186,852.62 245,913 198,637.08  (1,641,399.95) 24,591.30  (1,329,465.52) 426,919.83 
2005 426,919.83 208,539 258,066.29  (279,829.43) 20,853.90  (506,507.01) 228,915.64 
2006 228,915.64 227,164 224,959.54  (1,027,337.43) 22,716.40  (987,225.86) 244,106.35 
2007 244,106.35 258,976 232,804.30  (1,120,374.88) 25,897.60  (1,099,585.49) 212,826.43 
2008 212,826.43 236,922 215,689.41  (1,240,980.74) 23,692.20  (1,165,226.58) 243,655.80 
2009 243,655.80 236,870 232,584.31  (981,794.52) 23,687.00  (971,534.75) 225,942.88 
2010 225,942.88 227,326 223,321.21  (1,051,858.80) 22,732.60  (1,031,595.06) 219,469.23 
2011 219,469.23 230,917 219,636.66  (1,051,858.80) 23,091.70  (1,016,383.07) 220,572.92 
2012 220,572.92 228,739 220,276.16  (1,051,858.80) 22,873.88  (1,016,351.77) 224,743.44 
2013 224,743.44 226,561 222,650.62  (1,051,858.80) 22,656.06  (1,017,600.84) 232,435.36 
2014 232,435.36 224,382 226,855.65  (1,051,858.80) 22,438.24  (1,019,833.49) 244,495.68 

 
 
 

 
Table 5. Five-year projection of shrimp resource account 
 
Year Opening stock Production Growth Closing stock
2015 244,495.68 227,326.00 232,993.77 250,163.45 
2016 250,163.45 232,298.15 235,686.45 253,551.75 
2017 253,551.75 228,563.40 237,237.57 262,225.92 
2018 262,225.92 224,127.65 241,008.62 279,106.90 
2019 279,106.90 218,990.88 247,523.48 307,639.49 
2020 307,639.49 213,153.10 256,059.82 350,546.21 

Table 7. Forward account of shrimp resources 
 
Year Opening stock Production Growth Closing stock
2015 648,143.42 602,627.63 617,652.54 663,168.34 
2016 663,168.34 615,808.49 624,790.68 672,150.53 
2017 672,150.53 605,907.91 628,902.61 695,145.23 
2018 695,145.23 594,148.99 638,899.45 739,895.69 
2019 739,895.69 580,531.73 656,169.94 815,533.89 
2020 815,533.89 565,056.13 678,799.26 929,277.02 
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Table 6. Recursive modelling of monetary shrimp resource account 
 

Year Opening stock Production Growth Depletion IUU Other change Closing stock 
1988 687,487.59 407,731 635,654.95  (1,250,423.39) 40,773.05  (1,538,213.63) 586,848.74 
1989 586,848.74 379,798 585,161.38  (1,478,344.39) 37,979.75  (1,249,085.68) 983,491.53 
1990 983,491.53 383,907 699,566.64  (597,389.22) 38,390.65  (925,236.46) 932,913.78 
1991 932,913.78 401,445 697,590.86  (704,231.92) 40,144.51  (504,439.83) 1,388,707.08 
1992 1,388,707.08 436,013 582,307.65  (319,915.08) 43,601.34  (1,160,101.14) 651,213.95 
1993 651,213.95 415,739 619,137.76  (1,409,415.83) 41,573.90  (883,943.89) 1,338,510.75 
1994 1,338,510.75 471,162 609,674.51  (394,961.30) 47,116.22  (880,583.28) 944,284.86 
1995 944,284.86 455,840 698,356.31  (819,734.95) 45,583.98  (685,896.99) 1,275,055.39 
1996 1,275,055.39 496,439 639,073.42  (481,790.19) 49,643.89  (399,489.37) 1,450,346.81 
1997 1,450,346.81 562,667 543,734.50  (411,309.28) 56,266.74 251,371.88 2,037,828.38 
1998 2,037,828.38 590,921  (98,695.41)  (97,558.05) 59,092.11 984,009.86 2,370,687.69 
1999 2,370,687.69 633,217  (683,435.10) 7,543.15 63,321.68 1,224,652.39 2,207,823.33 
2000 2,207,823.33 660,169  (377,378.22)  (53,526.77) 66,016.89 706,537.35 1,864,323.41 
2001 1,864,323.41 697,295 142,795.40  (234,452.88) 69,729.54 50,627.14 1,525,173.94 
2002 1,525,173.94 640,162 489,550.67  (432,144.74) 64,016.23  (403,679.16) 1,339,011.67 
2003 1,339,011.67 637,387 609,419.35  (615,973.05) 63,738.68  (1,367,943.52) 495,335.12 
2004 495,335.12 651,901 526,575.01  (4,351,253.08) 65,190.07  (3,524,333.55) 1,131,738.93 
2005 1,131,738.93 552,824 684,118.28  (741,811.08) 55,282.44  (1,342,719.78) 606,841.66 
2006 606,841.66 602,198 596,354.27  (2,723,410.07) 60,219.82  (2,617,076.69) 647,111.32 
2007 647,111.32 686,530 617,150.26  (2,970,046.78) 68,652.99  (2,914,935.36) 564,190.13 
2008 564,190.13 628,066 571,779.73  (3,289,765.71) 62,806.60  (3,088,945.96) 645,916.95 
2009 645,916.95 627,928 616,567.10  (2,602,678.54) 62,792.82  (2,575,480.52) 598,961.06 
2010 598,961.06 602,628 592,011.16  (2,788,414.76) 60,262.76  (2,734,696.79) 581,799.80 
2011 581,799.80 612,147 582,243.66  (2,788,414.76) 61,214.72  (2,694,370.72) 584,725.62 
2012 584,725.62 606,373 583,938.93  (2,788,414.76) 60,637.29  (2,694,287.73) 595,781.41 
2013 595,781.41 600,599 590,233.46  (2,788,414.76) 60,059.86  (2,697,598.94) 616,172.23 
2014 616,172.23 594,824 601,380.77  (2,788,414.76) 59,482.43  (2,703,517.59) 648,143.42 
 
 
 

In general, both the depletion and IUU variables in the 
recursive model affected other changes. Standing stock 
estimation is derived from fisheries bio-economics 
dynamics from time series data input and output, both of 
which do not account for such variables. Future trend 
estimations of physical Indonesian shrimp resources shows 
stock increase. By 2020, the stock is estimated to be 567 
thousand tones, while production is predicted to fluctuate 
with a tendency to drop by 2017, this is actually confirm to 
the study of Anna and Fauzi (2013), found that the stock of 
shrimp in the waters nothern Java, which experiencing a 
decline trend, up to the year of 2017. 

The initial value of the shrimp stock monetary account 
in 1988 was 687 billion and closed at 1 trillion in 2010. 
Monetary analysis for the next five years (2015-2020) 
shows positive growth, from IDR 226 billion in 2015 to 
565 trillion in 2020. It means that shrimp actually share a 
big value to the Indonesian economic, and if it is maintain 
properly, the value could be bigger along the time.  

Findings in analysis of the Indonesian shrimp resource 
account may be consulted as a basis to plan sustainable 
shrimp fishing management based on its stock portfolio. 
While stock accounts show a surplus of standing stock, the 
situation might not necessarily last. Management to 
maintain a stock surplus must be carried out by means of 
fishing permit restrictions, adjusted to current standing 
stock under a binding management agreement regime. 
Given points on findings above, and given that stock 
portfolio would be affected by fishing permits, measures on 

permit units by gross tonnage or composite measurements 
must be fundamentally changed and agreed by the relevant 
parties. 

The current surplus in shrimp stock opens investment 
opportunities for domestic investors. Such opportunities 
have to be strictly regulated by calculating the best input 
with the most possible effort given stock conditions. Effort 
must consider the number of fishing vessels, equipment, 
and capacity. Consequently, this study’s findings of 
fisheries resource account ought to be linked to findings on 
capacity utilization so as to obtain the maximum allowable 
number of fishing vessels extracting Indonesian fisheries 
resources. The capacity utilization has been mandated as an 
indicator for sustainable fisheries globally (Ceyhan and 
Gene 2014; Fathelrahman et al. 2014; Ericson and Clarks 
2015; Walden et al. 2015; Gigentika et al. 2016). 

The account is an aggregate of Indonesian accounts, 
with differences in each WPP, from standing stock to 
fishing capacity utilization. In this case, there are zones still 
open for further development, based on their high standing 
stocks and low capacities. Conversely, there are also zones 
with low or negative standing stocks but high capacities. 
Such differences require different policies. To that end, 
more specific and continuous studies which expire every 
five years are required on fisheries resource accounting and 
capacity utilization on per WPP or provincial waters. Both 
fisheries resources accounting, and capacity utilization 
studies, are complementary pairs and could provide clear 
policy directives to establish permit allocations and policy 
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on rationalization if needed. Rationalization policy is use to 
be implemented in such over capacity condition (Aranda et 
al. 2012; Carothers and Chambers 2012; Grimm et al. 
2012; Waldo and Paulrud 2013; Pinkerton et al. 2014). 

Future national account aggregate calculations must 
consider imported and exported shrimp flows. Relevant 
import and export data highly support an open economy 
balance model. The data would also provide information on 
deficits and surpluses in relation to shrimp trade and 
overseas shrimp consumption. 

From the study can be drawn some conclussions as 
follows: (i) Assessment of Indonesian Shrimp resource 
accounting have provided a detail picture of aggregate 
stock and flows condition of Shrimp in Indonesia. (ii) From 
the study can be drawn that the stock is still in a surplus 
condition. (iii) The stock and flows that can be 
quantitatively drawn from Indonesia's Shrimp resources 
accounting, is the beginning of standing stock and its 
revisions throughout the current year, including production, 
growth, depletion, externalities due to Illegal, Unreported 
and Unregulated Fishing (IUU), and also changes others, as 
well as the standing stock at the end of the year. (iv) The 
annual trend of this shrimp stock condition fluctuated. With 
recursive models showed that the standing stock of shrimp 
in the range of 200 thousand tons to 900 thousand tons. The 
monetary value of the stock's standing with the same model 
in the range of 500 billion to 2 trillion rupiah. (v) The 
natural growth of shrimp, tend to be a positive average, 
with values in the range of -260 thousand tons to 260 
thousand tons. (vi) Both variables depletion and IUU the 
recursive balance model, basically only affect changes in 
others and the estimated total standing stock is derived 
from bio economic dynamics of the fish from the time 
series data input and output, which also did not include 
these variables in the model. (vii) In the estimation of 
future trends physical balance of resources Indonesia 
shrimp resources Data analysis showed an increase in the 
stock ahead. The stock closed the year 2020 as many as 
350 thousand tons. Production is forecast to fluctuate with 
a tendency to decline until 2017. (viii) The monetary 
balance sheet shrimp stock opened at IDR 687 billion in 
1988, and closed at a value of IDR 616 billion at the end of 
2014. (ix) The monetary analysis for the next 5 years, that 
is from 2015 till 2020 for Indonesian shrimp, tend to 
increase throughout the next 5 years from IDR 648 billion 
to 929 billion at the end of 2020. 
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Abstract. Kuswantoro H. 2016. Differential response of roots growth of soybean germplasm under low pH and manganese toxicity. 
Biodiversitas 18: 257-262. Most of Indonesia dry land are covered by acid soil. The growth and development of the plant in this acid 
soil cope with low pH and micronutrients toxicity. The objective of this research was to study the response of root growth of soybean 
germplams to low pH and manganese toxicity. Nine soybean germplasm were treated in aquadest with pH 7 as control, aquadest with 
pH 4, and 75 ppm Mn with pH 4 in Seed Laboratory of Indonesian Legume and Tuber Crops Research Institute, Malang, Indonesia. 
Results showed that root length, number of lateral roots, root dry weight were lower in low pH and Mn toxicity than in the control. 
Shoot dry weight, hypocotyl length and epicotyl length were not influenced by low pH and Mn toxicity. Some genotypes showed 
increasing root length in low pH, and increasing number of lateral roots and root dry weight in Mn toxicity. Based on the acid soil 
adaptation index (ASAI) on root length, MLGG 0493 and MLGG 0496 showed the highest value index in three comparative conditions. 
The genotype of MLGG 0496 also showed the highest ASAI value on numbers of lateral root in three comparative conditions. MLGG 
0494 achieved the highest ASAI value of root dry weight. However, the use of root dry weight as a criterion in soybean adaptation in 
low pH and Mn toxicity should be studied further because the tolerance is not just in increasing root dry weight as a result of root 
thickening. 

Keywords: ASAI, germplasm, low pH, Mn toxicity, root growth, soybean 

INTRODUCTION 

Soil acidity is one of the main problems in Indonesia 
which covers about 69% of the dry land. Soil acidity is also 
the main problem in the wet land due to the materials of 
wet land derived from the decomposition of organic 
materials. In this acid soil, plant growth and development 
face low pH and micronutrients. H+ and Al3+ have main 
role toxicity in low pH condition. Usually, the influence of 
H+ is correlated with Al3+. However, some authors 
demonstrate that as H+ has different role than Al3+ in acid 
soil (Kidd and Proctor 2001; Kinraide 2003; Shavrukov 
and Hirai 2016). Excess of H+ ion is an important factor in 
soil acidity because it can affect plant growth and 
development. Excess of H+ ion, also called as H+ toxicity, 
can decrease root elongation (Kidd and Proctor 2001).  

The low pH leads micronutrients toxicity, such as 
manganese toxicity. Manganese (Mn) toxicity involves 
physiological and biochemical processes (Millaleo et al. 
2010), such as induce oxidative stress (Ribera et al. 2013). 
Blamey et al. (2015) proposed two mechanisms that 
tolerance to high Mn is, in the root environment, due to the 
prevention of Mn accumulation in the cytoplasm and 
apoplast. Mn tolerance also involves other nutrient, such as 
Si in detoxifying Mn through some mechanism from 
physiological responses (Che, et al. 2016; Li et al. 2015), 
gene expression (Li et al. 2015) and Se in alleviating Mn-
induced oxidative stress (Saidi et al. 2014). In soil, Mn 
toxicity also has a relationship with Sr-nitrate extractable 

metals, while liming decreases this compound (Beyer et al. 
2015). 

Low pH and Mn toxicity have similar effect on plant 
growth and development. Interrelationship of these factors 
and the plant genotypes is expressed in plant growth and 
development resulting in variation response in crops. 
Soybean genotypes have different response to low pH 
(Kuswantoro 2015a) and Mn toxicity (Kuswantoro 2015b). 
The genetics of low pH response is complicated, involving 
many genes expression (Shavrukov and Hirai 2016). Genes 
constitution that developing a genotype plays the main role 
in these response. In Mn toxicity, additive gene action is 
found at seedling stage (Moroni et al. 2013). In 
physiological point of view, expression of the genes 
appears in changes of enzyme activities (Zhang et al. 
2015). In natural ecosystems, genetic variation of tolerance 
to Mn toxicity may drive changes composition of the 
community (Fernando and Lynch 2015).  

MATERIALS AND METHODS 

Experimental design 
The experiment was conducted in Seed Laboratory of 

Indonesian Legume and Tuber Crops Research Institute 
(ILETRI), Malang-Indonesia. Factorial design of 
randomized complete block design (RCBD) with two 
factors was applied in this experiment with three 
replications. The first factor was pH level consisting three 
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treatments i.e. aquadest with pH 7 as control, aquadest with 
pH 4, and aquadest with 75 ppm of Mn and pH 4. The form 
of manganese used was MnCl2.4H2O. The second factor 
was soybean germplasm consisting of nine accessions of 
soybean germplasm originating from ILETRI’s collection. 
Four genotypes originated from Gunung Kidul District, 
Yogyakarta Province, Indonesia. Two genotypes originated 
from Wonogiri District, Central Java Province, Indonesia. 
The district and province of the three genotypes are 
unknown (Table 1). Therefore, there were 27 treatments 
combination. 

Seed preparation 
Before soybean seeds were applied for the experiment, 

they were germinated in a petri dish. Each petri dish 
contained 25 sterilized soybean seeds. To ensure the 
germinated seeds remain standing straight up, gauze was 
put inside the petri dish. Seed respiration is important in 
germination to keep the seed live. Therefore, the solution 
was pour up to half of seed size in the petri dish. The 
volume of the solution was monitored everyday and 
solution was added up to the specified limit when solution 
decreased due to the absorption by the seeds. Room 
temperature for germination was maintained at 25ºC.  

Data collection  
The observation was conducted at 6 days after 

germinating on root length, number of lateral roots, root 
dry weight, hypocotyl length, epicotyl length, shoot dry 
weight and seedling dry weight. Root dry weight was 
assessed from whole root system including primary root 
and lateral roots. The tolerance of soybean genotypes was 
calculated by using acid soil adaptation index (ASAI) 
according to Howeler (1991).  

 
Table 1. Source of plant materials 
 
Genotype Origin 
MLGG 0491 Gunung Kidul District, Yogyakarta, Indonesia 
MLGG 0492 Gunung Kidul District, Yogyakarta, Indonesia 
MLGG 0493 Gunung Kidul District, Yogyakarta, Indonesia 
MLGG 0494 Gunung Kidul District, Yogyakarta, Indonesia 
MLGG 0496 Wonogiri District, Central Java, Indonesia 
MLGG 0507 Wonogiri District, Central Java, Indonesia 
MLGG 0527 District and province are unknown, Indonesia 
MLGG 0529 District and province are unknown, Indonesia 
MLGG 0532 District and province are unknown, Indonesia 

Data analysis 
Data were analyzed using Statistical Tool for 

Agricultural Research (STAR) from International Rice 
Research Institte (IRRI). Analysis of variance was 
performed for all data. The significant data based on the 
analysis of variance were analyzed again using least 
significant different for pH level and honestly significant 
different for genotype. If the interaction between genotype 
× stress conditions was significant, the advanced analysis 
would be conducted on genotype × stress condition 
interaction. If there was no interaction, the analysis would 
be conducted on the significant genotype and the 
significant stress condition. 

RESULTS AND DISCUSSION 

Low pH and Mn toxicity affect plant growth and 
development that were indicated by the response of its 
characters. The response of the observed characters in low 
pH and Mn toxicity varied. Root length, number of lateral 
roots, root dry weight and hypocotyl length in low pH (pH) 
and Mn toxicity with low pH (Mn) were lower than in 
control or same with that in control. However, these four 
characters in Mn toxicity were not always lower than in 
low pH condition. Even, root dry weight and hypocotyl 
length in Mn toxicity were higher than in low pH (Table 2). 

Alteration of root length was in line with the stresses 
(Table 2). In this study, Mn toxicity was assumed to be 
severer than low pH because Mn toxicity was in low pH 
condition as well. The alteration of root length includes 
decreasing and increasing of the root length. Decrease 
percentage of root length in different stress conditions 
varied among the tested genotypes. There was no negative 
value in Control-Mn and pH-Mn, but negative values 
existed in Control-pH (Table 3). Negative value suggests 
an increasing variable from the optimal or relatively 
optimal condition to the severer condition. There were six 
genotypes showing an increase in root length in low pH 
condition. In Control-pH, the highest increasing was shown 
by MLGG 0527, while the highest decreasing was shown 
by MLGG 0507. In Control-Mn and pH-Mn, the lowest 
decreasing was shown by MLGG 0493. Compared to the 
control, other studies reported the lower root length was in 
Mn toxicity (Kuswantoro 2015b) and inconsistent response 
in low pH depended on the genotypes (Kuswantoro 2015a). 

 
 
 
 
 
Table 2. Alteration of roots length, hypocotyl length, number of lateral roots, and root dry weight of soybean germplasm under low pH 
and Mn toxicity conditions. 
 

Treatment Root length (cm) Number of lateral roots Root dry weight (g) Hypocotyl length (cm) 
Control 9.32a 12.12a 0.13ab 14.30a 
pH 8.96a 9.49b 0.09b 13.17b 
Mn 5.72b 10.00b 0.20a 13.85a 
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The alteration of root length is influenced by 
environment and genetic factors. Different treatment 
performed different root length (Table 2). Control 
condition showed the longest root length than in low pH 
and in Mn toxicity, and in Mn toxicity, it showed shorter 
root length than in low pH. This alteration was due to the 
low pH inhibits root growth (Liang et al. 2013) as well as 
the Mn toxicity (Abou et al. 2002). However, root length is 
also affected by the genotypes. In this study, there was no 
interaction between genotype × stress condition suggested 
that these two factors had an equal role. Root length of the 
tested genotypes was shown in Fig. 1. There were four 
genotypes with the longest root length, i.e. MLGG 0496, 
MLGG 0493, MLGG 0507 and MLGG 0491. Different 
performance in root length is expressed by the genetic 
constitution of the tested genotypes. 

Similar to root length, number of lateral root was also in 
line with the stresses. In identifying of the tolerant 
genotype, a sensitive organ is needed. Number of lateral 
roots is very important, because its alteration can identify 
the tolerant genotype. Lateral root is also more important 
than primary root, because lateral root is more sensitive 
(Haling et al. 2011). However, a difference was found 
between root length and number of lateral roots. 
Statistically, number of lateral roots was not different 
between low pH and Mn toxicity. 

Decrease percentages on number of lateral roots based 
on Control-pH, Control-Mn and pH-Mn varied among nine 
genotypes (Table 3). There was no negative value in 
Control-pH, but some negative values were found in 
Control-Mn and many negative values were found in pH-
Mn. No negative value on Control-pH indicates the 
decreasing number of lateral roots. Irreversible damage 
occurring in low pH stress (Koyama et al. 2001) causes 
decreasing number of lateral roots. Negative values in 
Control-Mn suggests that some genotypes increase in 
number of lateral roots in Mn toxicity, negative values in 
pH-Mn suggests that a number of lateral roots of most 
genotypes grew better in Mn toxicity than in low pH. 
Presumably, some external factors exist in the increasing 
number of lateral roots, such as Ca concentration (Murata 
et al. 2003) and P concentration (Hissinger et al. 2003) in 
low pH or Si (Liang et al. 2007) and compounds of H2O2 
and NO (Kováčik et al. 2014) in Mn toxicity. Stimulating 
lateral roots under high concentration of Mn may be also 
due to the function of Mn as an esential element. Mn plays 
many roles in plant’s metabolic processes such as 
activation and cofactor of enzymes, amino acids synthesis 
and hormone activation (Burnell 1988). This metabolic 
process can increase plant organs growth including number 
of lateral roots. The lowest decreasing number of lateral 
roots in Control-pH was found by MLGG 0532 followed 
by MLGG 0493. These two genotypes had different 
characteristics in Control-Mn and pH-Mn, where MLGG 
0532 had positive values and MLGG 0493 had negative 
values. It means that MLGG 0532 could not maintain the 
number of lateral roots, while MLGG 0493 could 
maintain/increase number of lateral roots. 

Some components constituting root dry weight are root 
length and number of roots. Alteration in root length and 

number of roots causes an alteration in root dry weight. 
Alteration also occurs on root hair length and root hair 
density (Haling et al., 2011) that cause an alteration in root 
dry weight. In this study, root dry weight was not in line 
with root length and number of lateral roots, where root dry 
weight increased in Mn toxicity but equal to low pH (Table 
2). It may be due to the thickening of the roots. Root 
thickening has been reported by some authors in response 
to metal toxicity, such as aluminum (Alvarez et al. 2012), 
iron (Fu et al 2012), silicon (Fu et al 2012), and cadmium 
(Felici et al. 2014), and copper (Kang et al. 2015). 

Decrease percentage based on three stress conditions 
varied among the tested genotypes. Only one genotype, 
MLGG 0532, that showed negative values on those three 
stress conditions consistently. Most of the tested genotypes 
and all of the genotypes showed negative value in Control-
Mn and pH-Mn respectively (Table 3). It indicates 
increasing root dry weight in Mn toxicity. This study is 
also in line with previous study (Kuswantoro 2015b) that 
reported some genotypes have higher root dry weight in 
Mn toxicity than in control, but contrast to studies of 
Izaguirre-Mayoral and Sinclair (2005), Hadjiboland et al. 
(2008) and Khabaz-Saberi et al. (2009) that reported 
decreasing root dry weight was in high Mn concentration. 
Increasing root diameter (Junior et al. 2009) and/or root 
thickening may be the cause in increasing of root dry 
weight. 

Hypocotyl and epicotyl lengths were not significantly 
different among the three solution treatments. These results 
are not similar to Abou et al. (2002) that stated high Mn 
concentration was involved in shortening of the shoot. 
However, previous studies reported inconsistent results, 
where hypocotyl length in low pH is not significantly 
different (Kuswantoro 2015a), while in Mtn toxicity 
hipocotyle length is lower than in control, and epicotyle 
length is higher in Mn toxicity than in control (Kuswantoro 
2015b). Low pH adversely influences more on the root 
growth than on the shoot growth (Ritchey and Carter 
1993). 

Shoot dry weight was not affected by the low pH and 
Mn toxicity treatments. Genetic factor played main role in 
this character than environmental factor. The highest shoot 
dry weight was shown by MLGG 0496, while the lowest 
dry weight was shown by MLGG 0492 and MLGG 0532 
(Fig. 4). Lin et al. (2012) reported similar result that shoot 
dry weight in pH 6.8 and pH 4 is not significantly different. 
Different result was reported by Murata et al. (2003) that 
decreasing solution pH and Ca concentration decreased the 
shoot dry weight. Hypocotyl and epicotyl lengths (Fig 2-3) 
seemed no contribution on shoot dry weight. The pattern of 
these two characters differed to shoot dry weight. These 
results were not similar to the prevoius studies 
(Kuswantoro 2015a; Kuswantoro 2015b). Interestingly, the 
lowest shoot dry weight was resulted by genotype of 
MLGG 0492 with the highest epicotyl length. It indicated 
no correlation between shoot dry weight and epicotyl 
length.  

Acid Soil Adaptation Index (ASAI), proposed by 
Howeler in 1991, is an index for discovering a genotype 
that adapts to the low pH condition. Based on the root 
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length, MLGG 0493 and MLGG 0496 achieved the highest 
ASAI in three comparative conditions. MLGG 0496 was 
also supported by ASAI on number of lateral roots in three 
comparative conditions. A different result was shown in 
ASAI of root dry weight, where MLGG 0494 achieved the 
highest ASAI (Table 4). The genotype with the highest 
ASAI is assumed as the adaptive genotype. However, the  

use of root dry weight as a criterion in soybean adaptation 
in low pH and Mn toxicity should be studied further. This 
is because the mechanisms in tolerating low pH and Mn 
toxicity was by accumulating Mn in roots, which supposed 
to allow the increasing of root elongation and the number 
of lateral roots. Kuswantoro (2015a) reported the highest 
ASAI on seven characters in one genotype. 

 
 
 
 

 
 
Figure 1. The average of root length of some soybean germplasm 
under control, low pH, and Mn toxicity conditions. 
 

 
Figure 2. The average of hypocotyl length of some soybean 
germplasm under control, low pH, and Mn toxicity conditions. 
 

 
 

 

Figure 3. The average of epypocotyl length of some soybean 
germplasm under control, low pH, and Mn toxicity conditions 

Figure 4. The average of shoot dry weight of some soybean 
germplasm under control, low pH, and Mn toxicity conditions 

 
 
Table 3. Decrease percentage of root length, number of roots, and root dry weight of some soybean germplasm under low pH and Mn 
toxicity conditions. 
 

Genotype Root length Number of lateral roots Root dry weight (g) 
Control-pH Control-Mn pH-Mn Control-pH Control-Mn pH-Mn Control-pH Control-Mn pH-Mn 

MLGG 0491 24.54 51.85 36.20 21.37 23.66 2.91 62.07 20.69 -109.09 
MLGG 0492 -9.77 32.18 38.22 30.43 8.70 -31.25 40.91 -27.27 -115.38 
MLGG 0493 -6.77 8.85 14.63 3.19 -52.13 -57.14 28.57 -47.62 -106.67 
MLGG 0494 -9.88 41.86 47.09 14.75 45.90 36.54 0.00 -403.85 -403.85 
MLGG 0496 5.32 25.37 21.18 20.00 -1.60 -27.00 35.29 17.65 -27.27 
MLGG 0507 32.20 42.93 15.83 44.37 31.79 -22.62 51.61 -3.23 -113.33 
MLGG 0527 -16.67 45.16 53.00 28.57 22.22 -8.89 25.00 -14.29 -52.38 
MLGG 0529 -1.89 14.47 16.05 22.83 16.54 -8.16 27.27 -40.91 -93.75 
MLGG 0532 -10.00 55.63 59.66 0.00 21.00 21.00 -5.00 -60.00 -52.38 
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Table 4. Acid soil adaptation index (ASAI) based on roots length, number of roots, and root dry weight of some soybean germplasm 
under low pH and Mn toxicity conditions 
 

Genotype Root length Number of lateral roots Root dry weight (g) 
Control-pH Control-Mn pH-Mn Control-pH Control-Mn pH-Mn Control-pH Control-Mn pH-Mn 

MLGG 0491 1.03 1.00 0.77 1.18 1.05 1.06 0.69 0.63 0.35 
MLGG 0492 0.98 0.91 1.02 0.80 0.97 0.86 0.62 0.58 0.50 
MLGG 0493 1.15 1.50 1.63 0.75 1.08 1.34 0.68 0.61 0.64 
MLGG 0494 0.95 0.77 0.86 1.11 0.64 0.71 1.47 3.22 4.69 
MLGG 0496 1.28 1.53 1.48 1.09 1.27 1.31 1.63 0.90 0.85 
MLGG 0507 0.84 1.07 0.74 1.11 1.25 0.89 1.01 0.94 0.66 
MLGG 0527 1.18 0.85 1.01 0.99 0.99 0.91 1.28 0.85 0.92 
MLGG 0529 0.76 0.96 1.00 1.09 1.08 1.07 0.76 0.64 0.68 
MLGG 0532 0.83 0.51 0.57 0.87 0.63 0.81 0.91 0.60 0.92 

 
 

 
 
For summary, the observed characters showed a 

different response in low pH and Mn toxicity. Root length, 
number of lateral roots, and root dry weight in low pH and 
Mn toxicity were lower than in control condition. However, 
these three characters did not always decrease in low pH 
and Mn toxicity. Increasing root length in low pH, number 
of lateral roots and root dry weight in Mn toxicity were 
found in some genotypes. On the other hand, low pH and 
Mn toxicity did not influence shoot dry weight, hypocotyl 
length and epicotyl length. These three characters cannot 
be used as the criteria of soybean tolerance in low pH and 
Mn toxicity. Tolerance criteria may be laid on root length, 
number of lateral roots, and root dry weight. Genotypes of 
MLGG 0493, MLGG 0496 and MLGG 0494 were the 
tolerant genotypes based on the ASAI on root length and 
number of lateral roots, and root dry weight respectively. 
The increasing root dry weight may due to the result of root 
thickening. Therefore, the use of root dry weight as a 
criterion in soybean tolerance in low pH and Mn toxicity 
should be studied further to ensure the increasing root 
elongation, number of lateral roots and nutrients uptake to 
support its tolerance.  
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Abstract. Partasasmita R, Mardiastuti A, Solihin DD, Widjajakusumah R, Prijono SN. 2016. Frugivorous bird characteristic of seed 
disperser in shrubland tropical forest. Biodiversitas 18: 263-268. Java has been experiencing a heavy deforestation in the 16th century. 
Combined with a densely human population, most forests have changed into open land with shrubs and secondary vegetation. For 
examples Bulbul, flowerpecker and White-eye are three large groups of frugivorous birds and has been known as an effective seed 
dispersal agent and fostering vegetation recovery. However, variations in the use of fruit by fruit-eating birds very closely linked to the 
characteristic morphology and feeding behavior. The proportion of fruit in the diet probably varies widely between species, but, for all 
the best-studied species, fruit it at last seasonally dominant. It is highly frugivorous, particularly in wet season, and consumes the full 
range of fruit types within it’s gave limit, defecating (or, sometimes regurgitating) all seeds intact. According to the some reference that 
fruit consumers such as Bulbuls, Flowerpeckers, and White-eyes are some time is called seed dispersal. But there is no information on 
seed fate. So, this paper describes the frugivorous bird characteristic of seed disperser shrubland tropical forest at Panaruban, Subang. 
West Java, Indonesia. Observation of frugivorous bird’s communities was used by capture-recapture method. The frugivorous bird 
morphology characteristic was measured which consisted of external morphology and digest system morphology. The result shown that 
frugivorous birds had gape width-height ratio of ≥ 0.90. Frugivorous bird thin-walled gizzard relationship with gizzard weight to 
determine safety of seed exit with feces in a state of is intact. There was strong interaction between frugivorous bird-fruit by gape width-
height and fruit diameter.  

Keywords: Frugivorous birds, seed dispersal, guild, Panaruban 

INTRODUCTION 

Bird species pursuant to eaten food type it can be 
divided by 7 category that is frugivorous, granivorous, 
insectivorous, carnivorous, nectarivorous, omnivorous, and 
piscivorous (Mackinnon et al. 2000). Bird spesies group 
base on their food have different characteristic one and the 
other (Jordano 1992, 2000). Characteristic of form and size 
bill bird determine eaten food type it (Mallarino et al. 
2012) Characteristic of bill of frugivorous bird have role to 
damage and spreading of seed successes. Frugivorous bird 
having small bill size and robus as Emberiza spp. tend to 
can only eat fleshly fruit, seed away from the parent tree 
via the gut or dropping them after chewing the pulp (David 
et al. 2015), or its seed is regurgitated (Jordano 1992).  

The generally external factors that affect the intensity of 
food for fruit-eating birds is the abundance of fruit in 
habitats such as the availability of feed ripe fruit 
(Partasasmita 2009, 2015) with attractive fruit color 
(Galleti et al. 2015), while the body weight of fruit-eating 

birds are the main factors that determine the intensity of the 
birds eat fruit. Requirement of amount of fruit food closely 
related bigly frugivorous bird body (Herrera 1984). Bird as 
Acrocephalus spp. eat medium-size fruit with the 
composition of the food volume between 30-70%. Small 
body size is small also eat fruit such as Sylvia sp. and 
Erithacus sp. (Jordano 1992, 2000).  

Large aperture half showed a close relationship with 
edible fruit size, the larger the aperture, the greater the size 
of half of the edible fruit (Wiens 1992; Fukui 1995; 
Mallarino et al. 2012). Birds that have a small size of the 
opening half only eat fruit that is small, due to the limited 
size of the opening beak (Wheelwright 1988; Herrera 
1985).  

In addition, the fruit-eating birds have a digestive 
system that is very different than eating other foods. In 
some birds who have a specialization based on these foods, 
some parts of the digestive system are modified. Parts of 
the digestive system is modified, especially in the fruit-
eating birds is esophagus (Jordano, 1986, 1992, 2000). 



 B IODIVERSITAS  18 (1): 263-268, January 2017 

 

264

Esophagus can not be widened at Dicaeidae bird groups, 
whereas in birds Ploceidae and Pycnonotidae can widen 
(Proctor and Lynch 1993). Modifications also occurring on 
the proventiculus and ventriculus. In the second part of the 
muscle gets thinner so that the seeds can pass intact into the 
small intestine, large intestine and cloaca (Jordano 1987). 

Common characteristic modification digestive system 
fruit-eating birds include:  (i) oesopagus reduced and 
proventriculus simple, (ii) there is a wall of the ventricles 
thin, or have no muscular ventricle (gizzard), (iii) the 
lateral position of the ventricles and almost directly from 
the esophagus to the small intestine, and (iv) the length of 
the small intestine is relatively short (Jordano, 1992, 2000). 

The birds are specialized as an insect eater, had a 
muscular ventricle is thicker than fruit eaters. Fruit-eating 
birds have a mechanism that destroys the digestive process 
is done in the ventricles rind simple and seeds passed 
through the small intestine (Jordano, 1992, 2000). Some 
seeds are found in the feces of birds destroyed, because 
when handling the fruit in its beak.  

This paper empirically prove that fruit-eating birds as 
seed dispersers or predators seed based on morphological 
characteristics beak and digestive system, and the number 
of intact seeds in the feces of birds. 

MATERIALS AND METHODS  

Study site  
The study was conducted in a Panuruban tea plantation 

and secondary forest, in Cicadas Village, Sagalaherang 
Sub-district, Subang District, West Java, Indonesia 
(Figure 1). The study site was ± 29 km from the town of 
Subang and ± 38 km from the city of Bandung. 
Geographically, the study site is located at 6011’- 6049’S  
and 107031’ - 107054’ E, at an altitude of 880-1100 m 
above sea level (categorized as submontane zone). This 
area was selected because the tea plants had not been 
harvested or trimmed in the last five dan ten years, and the 
area developed into bush and secondary forest. 

The procedures 
Observations on the characteristics of birds caught mist 

nets intended to determine the characteristics of the 
external morphology of birds. Installation of mist nets to 
capture birds sampled in each vegetation type (the 
abandoned tea plantation 5 years and 10 years, and 
secondary forest) is 5 days per month, for 9 months. Mist 
nets used have the following specifications: black, made of 
nylon thread, length 12 m, width 2.6 m, mesh size 30 mm 

 
 
 

 
Figure 1. The location of study in Cicadas Village, Sagalaherang Sub-district, Subang District, West Java, Indonesia. A. Panaruban tea 
plantation, B. Secondary forest  
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mesh, has 4 pockets (Schemnitz 1980). Birds are 
categorized as eating fruit, in addition to the measured 
external morphological characteristics are also the 
morphological characteristics of the digestive system 
(Corlett 1996; Jordano 1987), by category of food, namely 
dried fruit and fleshy, determined nine species of birds that 
measured the morphological characteristics of the external 
part to define groups of fruit-eating birds, the one species 
of family Dicaeidea, Timaliidae, and Zosteropidae namely 
Orange-billied flowerpecker, Screscent-chested Babbler, 
and Oriental White-eye; three species of family  
Pycnonotidae, i.e. Orange-spotted bulbul, Sooty-headed 
bulbul, and Yellow-vented bulbul; three species of family  
Estrildidae, i.e. Javan Munia, Scaly-breasted Munia, and 
Tawny-breasted Parrotfinch. Steps being taken as follows: 
arrest, external morphometric measurement, tagging and 
release back (Corlett 1998; Partasasmita 2009). Some 
individuals are fruit-eating birds caught in mist nets after 
identified the species name and its external morphology 
characteristics were measured, and then measured the 
morphological characteristics of the digestive system. Each 
species of fruit-eating birds taken as many as five samples. 
The birds were used as samples taken from catching up 
with mist nets, especially birds injured due to thrashing 
netted mist nets. It is intended to reduce the decline in bird 
populations due to observer error. Samples of the bird 
species dissected and measured morphological characters 
digestive system (Schieck and Millar 1985; Jordano 1987) 

Bird morphology measurements carried out on the wide 
aperture half commissure measured starting from the left 
side to the right side and high-aperture part measured from 
the top end of the top half of the commissure point until the 
lower end of the lower half of the commissure point. The 
parts that are measured include the length of the 
gastrointestinal tract (throat until proventriculus and 
intestine length), length and thickness of the ventricles and 
the ventricles wet weight after food is removed. Some 
individuals known fruit-eating birds in their faeces contain 
many seeds measured morphological characteristics of the 
digestive system, the one species of family Dicaeidea and 
Zosteropidae namely Orange-billied flowerpecker, and 
Oriental White-eye; three species of family Pycnonotidae, 
i.e. Orange-spotted bulbul, Sooty-headed bulbul, and 
Yellow-vented bulbul. 

RESULTS AND DISCUSSION  

External morphology frugivorous bird 
Fruit-eating birds can be classified based on the state of 

the fruit is dried fruit and fleshy fruits. Dried fruit-eating 
birds suspected to have potentials can propagate seeds and 
help the succession of plants (Partasasmita 2009). Some dried 
fruit-eating birds such as fruit grass is family Estrildidae 
example Javan and Tawny-breasted Munia Parrotfinch. 
According to MacKinnon et al (2000) birds Estrildidae 
groups included in the seed eaters because it has a more 
robust beak shape. External morphological parameters 
were very supportive of the grouping by the guild are gape-
width and gape-height. Jordano (1987) states that the index 

frugivory associated with bill-shape, and gape-width.  
Granivorous bird can be distinguished from avian 

frugivores as beak shape a more solid and thick. But on 
morphometric ratio to the length of the long half head 
inconspicuous. According to Mackinnon et al (2000) and 
King et al (1992) the species of Estrildidae often included 
in a group of birds granivorous, but in this study group was 
added frugivores in hopes of finding a clear ratio between 
the two groups of birds by type of food. 

Based on the eating habits, the morphometric ratio to 
the length of the long half bird's head Dicaeidae (0.30), 
Pycnonotidae (0.33 to 0.45), Zosteropidae (0.28), Ploceidae 
(0.34 to 0.39) and Timalidae (0.38) (Table 1). This is far 
different from honey-eating birds is 0.52 (Partasasmita et 
al. 2004). 

In addition, the long half-life was instrumental in 
reaching the food, such as bird honeyeater. Height ratio and 
wide aperture half shows the amount, form and manner of 
handling of food eaten. According Moermond and Denslow 
(1985) variation in the handling of food for birds frugivores 
are intimately associated with limitations in ecology and 
behavior. In this study been as many as nine species of 5 
family, because the bird feces were found seeds (Table 2).  

Some bird species of Ploceidae such as birds Tawny-
breasted Parrotfinch, Javan munia, and Scaly-breasted 
Munia often takes a special dry fruit from plants family 
Graminae, so it is considered as a fruit eater. In the feeding 
behavior of bird species of family Ploceidae how to handle 
food bitten between the top half and the bottom half, then 
liquid fruit out of grain swallowed up, if the ears of young 
fruit such as fruit grains. However, if birds eat the grain 
above the old grass, eating behavior seem peck grain grass 
then swallowed directly.  

The hypothesis as the basis Ploceidae put some bird 
species to groups of bird frugivores. But based on Table 2 
shows that birds are not eating fruit Ploceidae but seed 
predators. Screscent-chested babbler bird inclusion in the 
frugivores, as some researchers found that the birds often 
consume fruits (Corlett 1998). It is often found when the 
Stachyris melanothorax bird pecking fruits perch near the 
place and found the seeds in feces (Tabel 2).  

Table 3 shows that bird species family Ploceidae have a 
high ratio with wide aperture half smaller than 4 family 
others. Size openings narrower half indicating swallowed 
food tend to have a rounded shape. The food was not 
proportional to the big openings must peck beak and strong 
pressed between upper and lower beak so as to be flat. 
Behavior handle such foods cause most fruit seeds ingested 
to be broken even yet be destroyed. The group of birds that 
eat the fruit but do not help spread the seeds because the 
seeds tend to be issued with feces broken-called predatory 
fruit (Herrera 1984). Thereby indicating that Ploceidae as 
fruit predators, while Stachyris melanothorax as seed 
dispersers but voluntary. 

In birds that have openings sized beak almost equally 
between the height and width of the openings (ratio ≥ 0.9) 
are easier to swallow fruit that is proportional to opening its 
beak such as a bird of Orange-billied flowerpecker, 
Oriental White-eye, Sooty-headed bulbul, Orange-spotted 
bulbul, and Yellow-vented bulbul (Table 4). Width opening   
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Table 1. Characteristics half length, head length and weight of the bird that has potential as a fruit eater 
 

English name Species name n Bill length 
(mm) 

Head lenght 
(mm) 

Weight 
 (g) 

Category 
feeding 
guild 

Orange-billied flowerpecker Dicaeum trigonostigma 5 7.10±0.34 24.05±0.44 7.40±0.89 F 
Tawny-breasted Parrotfinch Erythrura hyperythra 5 10.11±0.55 25.96±0.83 15.60±0.64 G 
Javan munia Lonchura leucogastroides 16 8.08±0.60 23.47±0.25 10.00±1.69 G 
Scaly-breasted munia  Lonchura punctulata 10 8.17±0.95 22.25±0.98 10.88±1.73 G 
Sooty-headed bulbul Pycnonotus aurigaster 14 14.25±0.85 37.17±1.26 31.93±1.98 F 
Orange-spotted bulbul Pycnonotus bimaculatus 9 16.43±0.51 37.28±1.24 32.04±1.79 F 
Yellow-vented bulbul Pycnonotus goiavier 34 12.75±1.66 38.44±1.41 31.50±2.61 F 
Screscent-chested babbler Stachyris melanothorax 44 12.21±1.50 32.15±1.18 12.97±0.92 I 
Oriental White-eye Zosterops palpebrosus 128 7.14±0.98 25.66±1.23 8.11±1.00 F 
Note: F: frugivorous, G: granivorous, I: insectivorous 
 
 
 
 
Table 2. The composition of the seeds intact and non-intact (item) in the feces of birds that have the potential as a fruit eater 
 

Species name be caught /seed total ∑ seed intact ∑ non-intact Category 
Dicaeum trigonostigma 5/5 363 0 ab 
Erythrura hyperythra 5/1 1 6 c 
Lonchura leucogastroides 16/1 3 32 c 
Lonchura punctulata 10/2 4 17 c 
Pycnonotus aurigaster 14/12 1519 3 ab 
Pycnonotus bimaculatus 9/7 254 2 ab 
Pycnonotus goiavier 34/28 6488 23 ab 
Stachyris melanothorax 44/20 1267 43 b 
Zosterops palpebrosus 128/107 4234 14 ab 
Note: a: frugivorous ≥ 50% individual samples of birds are the remaining fruit and seeds in the feces; b: seed dispersal ≥50% There are 
intact seeds in the feces; c: seed predator ≤ 50% was found intact seeds in feces 
 
 
 
 
Tabel 3. The large size of fruit-eating bird beak openings 
 
Family Species name n BOH BOW ROB  
Dicaeidae Dicaeum trigonostigma 5 5.88±0.58 5.57±0.21 1.06 
Ploceidae Erythrura hyperythra 5 3.59±0.26 8.00±0.92 0.45 
Ploceidae Lonchura leucogastroides 16 5.55±0.53 6.85±0.58 0.74 
Ploceidae Lonchura punctulata 10 5.13±0.68 7.02±0.89 0.73 
Pycnonotidae Pycnonotus aurigaster 14 10.38±0.95 10.94±0.96 0.95 
Pycnonotidae Pycnonotus bimaculatus 9 10.24±0.76 10.96±0.48 0.93 
Pycnonotidae Pycnonotus goiavier 34 9.40±1.23 10.43±0.98 0.90 
Sylviidae Stachyris melanothorax 44 6.00±0.90 6.91±0.86 0.87 
Zosteropidae Zosterops palpebrosus 128 6.25±0.63  5.96±0.63  1.05 
Note: n: the number of samples of birds, BOH: beak opening height, BOW: beak opening wide, ROB: ratio of opening beak is 
comparison between (BOH/BOW)  
 
 
 
Table 4. Morphometric characters digestive system fruit-eating birds and seed dispersers (n=5 individu sample /species) 
 

Species name t-pv (cm) Intestinal length 
(cm) 

Ventriculus 
Length (mm) Thick (mm) Weight (g) 

Dicaeum trigonostigma 4.16±0.06 11.36±0.60 6.45±0.50 3.35±0.36 <0.10 
Pycnonotus aurigaster 7.64±0.15 13.72±0.41 14.47±0.25 6.87±0.51 0.58±0.08 
Pycnonotus bimaculatus 6.34±0.17 14.57±0.08 14.63±0.87 7.66±0.16 0.64±0.06 
Pycnonotus goiavier 5.79±0.03 14.66±1.36 15.12±0.64 6.59±0.33 0.52±0.08 
Zosterops palpebrosus 3.71±0.50 11.98±1.61 8.88±0.70 5.46±0.40 0.22±0.05 
Note: t: throat, pv: proventiculus 
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half family Pycnonotidae range 10-11 mm in the study site, 
shows a smaller size than the same family in Hong Kong 
(Corlett 2002). According to Wheelwright (1988), the 
ability of birds to handle and swallow pieces of efficient 
depends on the size of the fruit, the bird's body size and 
large-size opening half. Frugivores bird groups have width 
and height openings beak almost balanced, making it easy 
to swallow the fruit, and the seeds are inedible likely intact 
(Herrera 1985; Levey 1987).  

In addition, variations in the size of the opening half, 
relate to the size of the weight of the bird itself. Tables 1, 2 
and 3, the greater the weight, the greater openings bird 
beak, with a very high correlation is r = 0.99. Similarly, 
fruit-eating birds in the area Hato Raton Spain Donana 
National Park has a very significant correlation between 
weight and the width of the opening half (Jordano 1987). 
The body weight of fruit-eating birds are the main factors 
that determine the intensity of eating the fruit. The amount 
of food needs are closely related to large pieces of fruit-
eating birds body (Herrera, 1984). The greater the weight 
and fruit-eating birds, the more fruit that can be eaten. 
Therefore, smaller body size small fruit eating birds as well 
as Orange-billied flowerpecker (Dicaeum trigosnostiga) 
and Oriental White-eye (Zosterop palpebrosus). It is almost 
as common Jordano (2000), a large bird like Acrocephalus 
spp. eating the fruit of medium size with a composition of 
feed volume between 30-70%. 

Large aperture size is determined by the half higher 
than the opening width of the beak, so that the higher the 
opening half, the wider range of fruit sizes that can be 
swallowed whole (Tables 2 and 3). Birds that have a large 
aperture size small part only eat fruit that is small, due to 
the limited size of the opening beak (Wheelwright 1988; 
Herrera 1985). Therefore, the fruit is eaten by birds family 
Dicaeidae, Zosteropidae, and Pycnonotidae will be found 
the seeds in the feces the bird. Nevertheless, the passage of 
the ingestion of seeds in the bird's beak does not directly be 
found in the feces, because the seeds must also survive the 
digestion process in the esophagus, and in the intestines of 
bird ventriculus.  

Bird morphology digestive system 
Morphological characters digestive system fruit-eating 

birds showed that the large size of the body related to the 
length of the gastrointestinal tract. Bird Dicaeum 
trigonostigma and Zosterops palpebrosus whose weight is 
smaller than Pycnonotidae bird species have morphological 
characteristics of the system is shorter and lighter (Tabel 
4).  

Length of the digestive tract system and thick 
ventriculus further demonstrate the effectiveness of the 
birds in spreading the seeds. For example, Zosterops 
palpebrosus birds have a shorter size gastrointestinal 
system and ventriculus thin (Table 4). Therefore, the feces 
often found many small seeds such as Melastoma affine 
and Clidemia hirta, also medium-sized seeds like Lantana 
camara. Size short digestive tract and especially the thin 
layer of the ventricles is very possible that swallowed the 
fruit, the seeds may come out intact with feces of the bird. 
In the digestive tract of birds that have longer and thicker 

muscular ventricle is very possible the edible fruit, seeds 
removed with feces in a state intact, unless the seed has 
exocarp thick and strong. This is evident in birds Stachyris 
melanothorax, although several times observed eating fruit 
but very rarely found in the feces seed (Tabel 2).  

In addition, a shorter size thin ventricle of the digestive 
tract and fruit-eating birds is a modified form and 
morphological adaptations of birds of the types of food 
they consume (Jordano 1987, 2000). Thus, the birds are 
making dietary changes by consuming fruits more often. 
Although the fruit is consumed has a high nutrient content 
such as fat, protein, and carbohydrates. But these nutrients 
are not absorbed a lot, because most of the nutrients stored 
in the seed, and the birds just digest more flesh alone 
(Corlett 1996; Ko et al. 1998; Cipollini 2000).  

In short digestive tract on a fruit-eating birds accelerate 
the retention time of digestion, so the shorter the digestive 
tract faster seeds also issued with feces of fruit eaten. The 
length of the digestive tract and weight bird seed dispersers 
which have a strong correlation coefficient of 
determination R2 = 0.99 (Table 4), it indicates that a small 
bird that always has a length shorter digestive tract. Thus 
frugivores birds is unlikely to have retention times faster 
than larger birds. Therefore, the retention time of food in 
the digestive tract is determined by large birds, but also the 
length of the gastrointestinal tract, seed size and type of 
fruit. However Jordano (1986) found five species of the 
genus Sylvia with a growing weight ranges from 11.1-19.0 
g, 12.2-15.6 cm length of intestine ranges have average 
retention time for 32.3 to 44.6 minutes. While Fukui (2003) 
found the average length of retention times faster (20.8 
minutes) in birds Hypsipetes amourotis (Pycnonotidae) 
with a growing weight ranges 29-32 g. 

Thick heavy ventriculus closely related to the 
ventricles. In birds that have less thick ventricles tend to 
have a lighter weight. This is shown in the bird Orange-
billied flowerpecker (Dicaeum trigonostigma) with thick 
ventriculus 3: 35 ± 0: 36 mm has a wet weight of <0.10 g 
(Table 5). Therefore, the thinner ventriculus then chances 
are intact seeds out with feces from the edible fruit 
growing. Jordano (1986) stated on fruit-eating birds 
modification of the digestive system in the proventriculus 
and thinner ventricle muscle.  
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Abstract. Syahid SF, Heryanto R. 2017. Short Communication: Morpho-agronomic characteristics of twelve accessions of white 
turmeric (Curcuma zedoaria) germplasm. Biodiversitas 18: 269-274. White turmeric (Curcuma zedoaria Rosc.) is a potential medicinal 
plant belong to the family Zingiberaceae. This plant has a good market because of its high demand as raw material for herbal medicine, 
such as to cure cancer. A germplasm collection of white turmeric collected from different areas of Indonesia is available at Cicurug 
Research Station of Sukabumi, West Java, Indonesia. Information on characteristics of the accessions, however, are not available yet. 
This study aimed to determine morphological characters, growth, and yield of 12 accessions of white turmeric. The research was 
conducted at the Cicurug Research Station from January 2014 to March 2015. Rhizome section of each accession was grown in a 2.5 m 
x 3.5 m plot at 50 cm x 50 cm plant spacing. The experiment was arranged in a randomized complete block design with three 
replications. Parameters observed were morphological characters (type of stem, leaf tip, leaf base, leaf shape, stem color, blade color), 
growth (number of tillers, plant height, number of leaf/stem, leaf length, leaf width, leaf thickness) and yield (rhizome weight, rhizome 
length, rhizome width, and rhizome thickness) respectively. The results showed that morphological characters, growth, and yields of the 
12 accessions observed were varied. All of the characters observed could be evaluated further to determine the important traits.  

Keywords: Curcuma zedoaria, morphological characters, growth, yield, Zingiberaceae 

INTRODUCTION 

White turmeric or zedoary (Curcuma zedoaria Rosc.) is 
a medicinal plant belongs to the family Zingiberaceae. 
Zedoary has been cultivated as a spice and vegetable in 
South and Southeast Asia (Lobo et al. 2009). This plant has 
many benefits as a traditional medicine in Asia, such as for 
curing stomach diseases, toothache, blood stagnation, 
leucoderma, tuberculosis, spleen swelling, and for 
promoting menstruation (Saikia and Nath 2003). Rural 
people in India use the rhizome for its rubefacient, 
carminative, expectorant, demulcent, diuretic and stimulant 
properties while the root is used in the treatment of 
flatulence, dyspepsia, cold, cough and fever (Lobo et al. 
2009). It is also used in some traditional eastern medicines, 
acts as an agent for blood purifier and used as anti venom 
against the bite of Indian cobra. It also has been used to 
treat coronary heart disease, liver cancer, anemia, chronic 
pelvic inflammation and helps prevent leukopenia due to 
cancer therapies (Dhal et al. 2012). Plant rhizome has also 
used as a carminative, digestive stimulant and for 
treatments of colds and infections (Prajapati et al. 2003). In 
addition, the rhizome has also been intensively used as a 
traditional medicine in China for the treatment of cancer 
(Oh et al. 2007). Curcumin and curcumenol, chemical 
compounds of this plant were reported to inhibit growths of 
S-180 sarcoma cells and mouse cervical U-14 cells (Lai et 
al. 2004). According to Lakhsmi et al. (2011), the chemical 

compounds of white turmeric also capable of inhibiting 
cancer cell proliferation without causing toxicity effects on 
normal cells. Curcumin, demethoxycurcumin and 
bisdemethoxycurcumin isolated from this plant were 
reported for anti-oxidant and anti-inflammatory activities 
similar to that Curcuma longa L. (Syn. Curcurma 
domestica Val.) (Masuda et al. 1993). In addition, white 
turmeric is reported has analgesic, anti-allergic, anti-
inflammatory, anti-metastasic, anti-oxidant activities, as 
well as protecting liver function (Ali et al. 2004; Dhal et al. 
2012), and antimicrobial effect (Bugno et al. 2007). The 
essential oil obtained from the plant dried rhizome by 
steam distillation, demonstrates active antibacterial 
properties. The essential oil of white turmeric was 
moderate to good in antioxidant activities (Mau et al. 
2003). Starch extracted from the plant is used as a diet for 
infants and convalescent person due to its cooling and 
demulcent properties (Syu et al. 1998).  

White turmeric is a herbaceous and rhizomatous 
perennial plant composed of an upright pseudostem, a corm 
and underground cylindrical branches or rhizome and 
fleshy roots (Lobo et al. 2009).White turmeric is a seasonal 
crop, which is propagated from rhizomes. Its rhizome has a 
yellowish white flesh color with a very bitter taste and a 
unique aroma. White turmeric grows and spread out at 
various places in Indonesia. The plant grows wildly in open 
moist lands where at an altitude from 0-1000 m asl. (de 
Padua et al. 1999). White turmeric accessions shows an 
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interesting variation as a result of the adaptation to 
locations or its agroecological origin. 

 Indonesian Spices and Medicinal Crops Research 
Institute (ISMCRI) that has the mandate to conduct 
research on spices and medicinal crops has collected 12 
accessions of white turmeric germplasm from various 
regions in Indonesia. Information on white turmeric 
characteristics are not available yet, hence cultivation 
technology development, utilization, and breeding program 
of this crop has not been done yet. Differences in 
phenotypic characters of the plant, including morpho-
agronomic characters and chemical contents, can be used 
as indicators to determine the superior characters of each 
accessions. By knowing these characters plant breeders can 
create a superior crop variety.  

A study is, therefore, necessary to determine the white 
turmeric properties including morphological characteristics, 
growth, and yield components. This study aims to 
characterize 12 accessions of white turmeric potential as 
breeding materials for the development of superior 
varieties. 

MATERIALS AND METHODS 

Materials 
The plant materials used in the study were healthy 

rhizomes of 12 white turmeric accessions collected from 7 
different areas in Indonesia. The collected accessions are 
maintained and conserved in Cicurug Research Station of 
Indonesian Spice and Medicinal Crops Research Institute, 
at Cicurug, Sukabumi, West Java, Indonesia (550 m asl.). 
The complete list of the accessions is presented in Table 1. 

Methods 
Rhizomes of each accession were prepared and cut into 

pieces of 30-50 grams with at least 2-3 buds. The rhizome 
sections were soaked in a fungicide solution at the rate of 
2.0 g/L water for 30 minutes, then drained and stored at 
room temperature for one month to form buds. The 

rhizomes that had formed sprouts were ready to be planted 
in the field. 

The accessions were grown in a 2.5 m x 3.5 m plot at a 
50 cm x 50 cm plant spacing, as 20 plants/plot. The trial 
was arranged in a randomized block design with three 
replications. The plants were fertilized with manure at the 
rate of 10 tons/ha, as well as urea, SP36, and KCl at the 
rate of 100 kg/ha. The manure was applied one week 
before planting. The Urea was applied in three equal split 
doses, i.e. the first dose was applied 30 days after sowing, 
the second dose was applied 60 days after sowing and the 
third dose was applied 90 days after sowing, while all the 
SP36 and KCl were given at sowing. The manure and 
fertilizer applications were in accordance with the technical 
guidelines. Plant maintenance such as weeding was done at 
least once a month or depending on the condition of the 
plant. At the time weeding, land mounding was also done 
in order that roots of the plants that have started to form 
rhizomes covered with soil to improve quality of the 
rhizome. Pests and diseases control was done the by 
adopting the Standard Operational Procedure for 
Zingiberaceae Family (Wahyuni et al. 2013). 

The parameters observed were morphological 
characters, growth and yield component. Yield component 
represented in weight, length, width, and rhizome 
thickness. Length and width of the rhizome was measured 
in cm with help of venire caliper, after the harvesting and 
average was calculated. The thickness of the rhizome was 
measured using venire caliper. The average weight of the 
rhizome per plant was taken using the electric balance 
(Table 2). 

The observations were conducted at five months when 
the plant growth and its morphological characters were 
optimal. Harvest was done at plant ages 10-12 months. 
Observations of the morphological characters referred to 
Tjitrosoepomo (1988). 

Data analysis 
Data were analyzed using analysis of variance (Anova). 

The differences of mean values were analyzed using 
Duncan Multiple Range Test (DMRT) at 5 % level. 

 
 
 
 
Table 1. The provenance of 12 accessions of white turmeric from Cicurug Research Station, Sukabumi, West Java, Indonesia 
 

Accessions District Province Collector Date of 
collection 

Cuze 1 Sukabumi West Java N.I 2001 
Cuze 2 Cianjur West java Exploration from researcher June 2, 2008 
Cuze 3 Cianjur West Java Exploration from researcher June 2,2008 
Cuze 4 Gunungkidul Yogyakarta Exploration from researcher June 2,2008 
Cuze 5 Bunaken North Sulawesi Exploration from researcher (N. Bermawie) June 2, 2008 
Cuze 6 N.I. North Sulawesi Exploration from researcher (N.Bermawie) June 2, 2008 
Cuze 7 Ciwidey West Java Exploration from researcher (N.Bermawie) June 2, 2008 
Cuze 8 N.I. Bali Exploration from researcher (E. Hadipoetyanti) June 2, 2008 
Cuze 9 N.I. East Nusa Tenggara Exploration from researcher (W. Lukman) July, 2009 
Cuze 10 GunungKidul Central Java N.I. 2009 
Cuze 11 Purwakarta West Java Exploration from researcher (S. Wahyuni) 2009 
Cuze 12 N.I. East Java Exploration from researcher (W.Lukman) 2011 
Note: N.I. = No information 
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Table 2. The parameter observed of white turmeric 
 
Morphological characteristics 

Type of stem 
Leaf tip 
Leaf base 
Leaf shape 
Stem color 
Blade color 
Leaf pubescence 
Rhizome color 
 

Growth characteristics 
Number of tillers 
Plant height  
Number of leaf/stem  
Leaf length 
Leaves width 
Leaf thickness 
Stem diameter 
 

Characteristics of yield 
Rhizome weight 
Rhizome length 
Rhizome width 
Rhizome thickness 

 

RESULTS AND DISCUSSIONS 

Results 
A white turmeric plants had an erect stem, had many 

fibrous roots aerial shoots (pseudostem) with leaf, and 
underground stems (rhizome) (Figure 1). Morphological 
characters of the 12 white turmeric accessions showed 
variations in colors of leaf and rhizome. Variations on the 

leaf morphology was particularly shown in the presence or 
absence of purplish red color along the main vein of the 
leaf (Figure 2). Most of the accessions had a green leaf 
color with purplish red color along the main vein. Only 
Cuze 9 and Cuze 10 had a slight purplish red leaf. All the 
white turmeric accessions showed a white crown flower 
with a thin red stripe edge, lanceolate leaf with acuminate 
tip and base, and green leaf vein. The upper surface of the 
leaf was rough and lower leaf surface was smooth (Table 
3). Growth characters of 12 white turmeric accessions 
showed variations mainly on number of tillers, number of 
leaf, plant height, stem diameter, leaf length, width and 
thickness (Table 4). Yield characters of 12 white turmeric 
accessions are varied (Table 5). 

 

 
  
Figure 1. White turmeric plants (Curcuma zedoaria Rosc.)  

 
 
 

 
A B C D E F 

  
G H I J K L 

 

Figure 2. Leaf shapes of white turmeric from Cicurug Research Station, Sukabumi, West Java, Indonesia. A. Cuze 1 , B. Cuze 2 , C. 
Cuze 3 , D. Cuze 4 , E. Cuze 5 , F. Cuze 6 , G. Cuze 7 , H. Cuze 8 , I. Cuze 9 , J. Cuze 10 , K. Cuze 11 , L. Cuze 12  
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Table 3. Morphological characteristics of 12 white turmeric accessions from Cicurug Research Station, Sukabumi, West Java, Indonesia 
 

Accession 
No. 

  Leaf pubescence    Rhizome  

Stem type Leaf Tip  Leaf base Leaf shape Stem 
color Blade color Upper Lower   Peel color Flesh color 

Cuze 1 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 2 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 3 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 4 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 5 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 6 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 7 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 8 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main vein Rough Smooth White brownish White 
Cuze 9 Flat Acuminate Acuminate Lanceolate Green Green with a slight purplish red color along the main vein Rough Smooth White brownish White 
Cuze 10 Flat Acuminate Acuminate Lanceolate Green Green without purplish red color along the main vein Rough Smooth White brownish Yellow 
Cuze 11 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main leaf vein Rough Smooth White brownish White 
Cuze 12 Flat Acuminate Acuminate Lanceolate Green Green with purplish red color along the main leaf vein Rough Smooth White brownish White 
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Table 4. Growth characters of 12 white turmeric accessions grown at from Cicurug Research Station, Sukabumi, West Java, Indonesia 
 
Accession Numberof 

tillers 
Plantheight 
(cm) 

Numberof 
leaf/stem  

Leaf length 
 (cm) 

Leaves width 
 (cm) 

Leafthickness 
(mm) 

Stem diameter 
 ( mm) 

Cuze 1 5.45 c 78.35 d 9.22 b 39.4 5 ab 13.56 bcd 0.30 b  15.70 d 
Cuze 2 3.33 a 65.55 abcd 9.50 b 34.37 ab 12.24 bcd 0.30 b 14.20 cd 
Cuze 3 4.28 abc 66.13 abcd 9.55 b 40.83 b 12.39 bcd 0.30 b 13.71 cd 
Cuze 4 3.33 a 48.83 a 6.94 a 26.44 ab 10.79 ab 0.29 b 9.66 ab 
Cuze 5 3.08 a 52.18 a 8.06 a 23.65 a 8.84 a 0.27 a 9.12 a 
Cuze 6 3.33 a 56.71 abc 9.55 b 30.91 ab 11.35 abc 0.30 b 12.44 abcd 
Cuze 7 3.39 a 67.33 abcd 9.33 b 35.53 ab 12.36 bcd 0.30 b 14.53 cd 
Cuze 8 4.06 ab 67.92 abcd 8.67 b 36.01 ab 13.58 bcd 0.30 b 13.31 bcd 
Cuze 9 4.00 ab 75.87 cd 8.50 a 38.89 ab 14.45 d 0.30 b 14.30 cd  
Cuze 10 4.16 ab 57.37 abc 6.94 a 31.59 ab 11.93 bcd 0.30 b 11.09 abc 
Cuze 11 4.89 bc 72.47 bcd 9.17 b 37.67 ab 14.06 cd 0.30 b 15.51 d 
Cuze 12 3.28 a 55.42 ab 8.34 ab 43.16 b 11.58 bcd 0.29 b 12.01 abcd 
CV (%) 17.15 16.00 9.04 24.82 12.18 5.86 16.02 
Note: Numbers in each column followed with the same letters is not significantly different at 5% level by DMRT. 
 
 
 
Table 5. Yield characters of 12 white turmeric accessions from 
Cicurug Research Station, Sukabumi, West Java, Indonesia 
 
Accession Rhizome 

weight 
 (g) 

Rhizome 
length 
 (cm) 

Rhizome 
width 
 (cm) 

Rhizome 
thickness 
 (mm) 

Cuze 1 833.33 c 24.16 abc 11.83 bc 14.49 ab 
Cuze 2 642.78 abc 22.43 abc 10.56 abc 14.89 ab 
Cuze 3 527.78 abc 20.94 abc 8.90 abc 13.81 ab 
Cuze 4 364.67 a 20.24 abc 9.08 abc 12.21 a 
Cuze 5 344.44 a 17. 69 a 7.33 a 12.53 ab 
Cuze 6 737.22 bc 26.55 c  12.04 c 15.06 ab 
Cuze 7 762.78 bc 23.97 abc 10.6 abc 14.94 ab 
Cuze 8 686.11 abc 24.24 abc 10.24 abc 14.47 ab 
Cuze 9 758.89 bc 25.49 bc 10.77 abc 15.20 b 
Cuze 10 491.11 abc 22.16 abc 9.79 abc 14.86 ab 
Cuze 11 671.67 abc 22.44 abc 10.87 bc 14.24 ab 
Cuze 12 428.33 ab 19.12 ab 8.33 ab 13.17 ab 
KK (CV)% 33.00 15.94 18.04 10.67 
Note: Numbers in each column followed by the same letters is not 
significantly different at 5% level by DMRT. 
 
 
    

 
 
Figure 3. Rhizome flesh color of white turmeric from Cicurug 
Research Station, Sukabumi, West Java, Indonesia. A. White 
(Cuze 1, Cuze 2, Cuze 3, Cuze 4, Cuze 5,Cuze 6, Cuze 7, Cuze 8, 
Cuze 9, Cuze 11 and Cuze 12), B. Yellow (Cuze 10) 
 
 

Discussions 
White turmeric has an erect stem, has many fibrous 

aerial shoots (pseudostem) with leaf and underground 

stems (rhizome). There were no differences in the form of 
the stem in all the accessions. Stem color of all the 
accessions was green. The leaf shape was lanceolate. Most 
accessions have green color of the blade, with purplish red 
color along the main vein. However, Cuze 9 showed slight 
purplish red color along the midrib and no purplish red 
color in Cuze 10. Another difference was found on flesh 
color of the rhizomes. All accessions had a white color of 
rhizome except Cuze 10 that had a yellow color. 

The occurrence of different characters on several 
accessions could be due to various factors, including the 
origin of accessions, growth environment, and genetic 
factors. All the characterized accessions derived from a 
various environmental condition with differences in agro-
climatic conditions that can affect plant morphological 
characters. Current information on specific morphological 
characteristics of white turmeric is not available yet, and 
the use of plant material in today's society was based on 
rhizomes production. Wahyuni et al., (2013) reported 
morphological variations (plant height, the number of 
tillers, the number of leaves, leaf length, leaf width and 
stem diameter) in nine accessions of Zingiber aromaticum 
Val. On Curcuma longa, the genetic differences were 
reflected in morphology, consumer preferences, and usage 
(Jan et al. 2012). The morphological differences were due 
to the interaction between environmental and genetic 
primarily for quantitative characters, but less on qualitative 
one. 

The number of tillers of white turmeric was varied. 
Accession Cuze 1 has the largest number of tillers and the 
highest average of plant height. The number of tillers was 
associated with the yield of rhizomes. The highest number 
of leaves were found on accession Cuze 3 and Cuze 6. The 
longest leaf was found on by accession Cuze 12, the widest 
leaf size was found on accession Cuze 9. Leaf thickness 
varied (0.27- 0.30 mm). Accession with the largest stem 
diameter was Cuze 11. There were variation in growth 
components of the accessions, which was likely due to the 
plant genotype. On germplasm of Zingiber aromaticum, 
variations in the growth components had been reported 
(Wahyuni et al. 2013). It was also reported on turmeric 
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(Curcuma longa) that genotype effects plant growth such 
as plant height, the number of leaves, leaf width and 
maximum finger per plant (Jilani et al. 2012). 

The highest rhizome yield was produced by accession 
Cuze 1. The rhizome yield was influenced by the genotype. 
On Zingiber aromaticum and Zingiber officinale Rosc., 
differences in genotype produce various rhizome yields 
(Aragaw et al. 2011; Wahyuni et al. 2013). In addition to 
the genotype, the environmental condition also affected 
yield of ginger (Bermawie et al. 2012).The rhizome 
production was correlated with the number of tillers. In this 
research, accession Cuze 1 has the largest number of tillers 
so it also has the highest weight of rhizome. There were 
positive correlations between plant height, leaf number, 
leaf length, and rhizome thickness; and rhizome yield 
(Abraham and Latha 2003). 

The longest and widest rhizome were found on 
accession Cuze 6 and the thickest rhizome was found on 
accession Cuze 9. The accession that has the longest 
rhizome also has the widest rhizome size. The rhizome 
shape of white turmeric has typically irregular-rounded. 

Variation in rhizome was also found on their flesh 
color. Most of the accessions had white flesh, i.e. Cuze 1, 
Cuze 2, Cuze 3, Cuze 4, Cuze 5, Cuze 6, Cuze 7, Cuze 8, 
Cuze 9, Cuze 11 and Cuze 12 (Figure 3.A). Only one 
accession, Cuze 10, has a yellow flesh color (Figure 3.B). 

The study concluded that morpho-agronomic 
characteristics of 12 accessions of white turmeric were 
varied. Most accessions have green color of the blade, with 
purplish red color along the main vein. However, Cuze 9 
showed slight purplish red color along the midrib and no 
purplish red color in Cuze 10. Another difference was 
found on flesh color of the rhizomes. All accessions had a 
white color of rhizome except Cuze 10 that had a yellow 
color. The highest rhizome yield was produced by 
accession Cuze 1. Accession Cuze 6 had the longest and 
widest rhizome and Cuze 9 was performed the thickest 
rhizome. 

ACKNOWLEDGEMENTS 

The author thanks to the Indonesian Spices and 
Medicinal Crops Research Institute, the Indonesian Agency 
for Agricultural Research and Development for funding the 
research and Dr. Nurliani Bermawie, Endang 
Hadipoentyanti, Sri Wahyuni, and Wawan Lukman for the 
contribution in the exploration activities of white turmeric 
germplasm. In addition, the author also thanks to the 

unknown reviewers for their critical and constructive 
comments on the manuscript.  

REFERENCES  

Abraham Z, Latha M, 2003. Correlation and path analysis in ginger 
(Zingiber officinale Rosc.). J Spices Aromat Crops 12 (2): 187-189. 

Ali MS, Masum ASM, Bachar SC, Islam MS. 2004. Analgesic activity of 
the rhizome of Curcuma zedoaria. J Pharm Sci 3: 1-2. 

Aragaw M, Alamerew S, Michael GH, Tesfaye A. 2011. Variability of 
ginger (Zingiber officinale Rosc.) accession for morphological and 
some quality traits in Ethiopia. Intl J Agric Res 6 (66): 444-457. 

Bermawie N, Syahid SF, Ajijah N, Purwiyanti S, Martono B. 2012. Yield 
stability and quality of six small white ginger (Zingiber officinale 
Rosc. Var. aarum) promising genotype at various agroecology. 
Industr Crops Res J 19 (2): 58-65. 

Bugno A, Nicoletti MA, Almodovar AAB, Pereira TC, Auricchio MT. 
2007. Antimicrobial efficacy of Curcuma zedoaria extract as assessed 
by linear regression compared with commercial mouth rinses. Braz J 
Microbiol 38: 440-445. 

De Padua LS, Bunyapraphatsara N, Lemmens RHMJ. 1999. Plant 
Resources of South-East Asia No 12 (1). Medicinal and Poisonous 
Plants 1. Backhuys Publisher, Leiden, the Netherlands. 

Dhal Y, Deo B, Sahu RK. 2012. Antioxidant activity of enzymatic 
extracts of Curcuma zedoaria (Christm.). Intl J Pharm Pharmaceut 
Sci 4 (3): 343-346. 

Jilani MS, Waseem K, Rehman H, Kiran M, Ghazanfarullah, Ahmad J. 
2012. Performance of different turmeric cultivars. Pak J Agric Sci 49 
(1): 47-51.  

Lai EYC, Chyau CC, Mau JL. 2004. Antimicrobial activity and 
cytotoxicity of the essential oil of Curcuma zedoaria. Amer J Chin 
Med 32 (2): 281-290. 

Lakshmi S, Padmaja G,Remani P. 2011. Antitumour effects of 
Isocurcumenol Isolated from Curcuma zedoaria rhizomes on human 
and murine cancels cells. Intl J Med Chem. Article ID 253962, 13 pp. 
DOI: 10.1155/2011/253962. 

Lobo R, Prabu KS, Shirwaikar A, Shirwaikar A. 2009. Curcuma zedoaria 
Rosc. (white turmeric): a review of it chemical pharmacological and 
enthomedicinal properties. J Pharm Pharmacol 61 (1):13-21.  

Masuda T, Jitoe A, Isoe J, Nakatani N, Yonemori S. 1993. Antioxidative 
and anti-inflammatory curcumin-related phenolics from rhizome of 
Curcuma domestica. Phytochemistry 32: 1557-1560.  

Mau JL, Eric YCL, Wang NP, Chen CC, Chang Ch, Chyau CC. 2003. 
Composition and antioxidant activity of the essential oil from 
Curcuma zedoaria. Food Chem 82: 583-591. 

Oh OJ, Min HY, Lee SK. 2007. Inhibition of inducible prostaglandin E2 
production and cyclooxy-genase-2 expression by curdione from 
Curcuma zedoaria. J Nat Prod 61 (12): 1531-1534.  

Prajapati ND, Purohit SS, Sharma AK, Kumar T. 2003. A Handbook of 
Medicinal Plants. Agrobios, India.  

Saikia N, Nath SC, 2003. Ethnobotanical observations of some species of 
the genus Curcuma L. growing in Assam. J Econ Taxon Bot 27: 430-
433.  

Syu WJ, Shen CC, Don MJ, Ou JC, Lee GH, Sun CM, 1998. Cytotoxicity 
of curcuminoids and some novel compounds from Curcuma zedoaria. 
J Nat Pod 61: 1531-1534. 

Tjitrosoepomo G. 1988. Plant Morphology. Gadjah Mada University 
Press, Yogyakarta. [Indonesian] 

Wahyuni S, Bermawie N, Kristina NN. 2013. Morphological 
characteristics, yield potential, and major rhizome constituent of nine 
accession numbers of wild ginger. Industr Crops Res J 19 (3): 99-107.  

 



BIODIVERSITAS  ISSN: 1412-033X 
Volume 18, Number 1, January 2017 E-ISSN: 2085-4722  
Pages: 275-282 DOI: 10.13057/biodiv/d180136 

Karangwangi people’s local knowledge of bamboo and its role: 
Implications for management of cultural keystone species 

RUHYAT PARTASASMITA1,2,3,♥, AZIFAH AN’AMILLAH1, JOHAN ISKANDAR1,2,3, 
ASEP ZAINAL MUTAQIN1,2, ANNISA1,2, NINING RATNINGSIH1,2 

1Program Study of Biology, Faculty of Mathematics and Natural Sciences, Universitas Padjajaran. Jl. Raya Bandung-Sumedang Km 21 Jatinangor, 
Sumedang 45363, West Java, Indonesia. Tel.: +62- 22-7797712, ♥email: ruhyat.partasasmita@unpad.ac.id 

2Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Padjajaran. Jl. Raya Bandung-Sumedang Km 21 Jatinangor, 
Sumedang 45363, West Java, Indonesia. 

3Institute of Ecology (PPSDAL), Universitas Padjajaran. Jl. Sekeloa, Coblong, Bandung City 40134, West Java, Indonesia. 

Manuscript received: 21 April 2016. Revision accepted: 12 January 2017.  

Abstract. Partasasmita R, An’amillah A, Iskandar J, Mutaqin AZ, Annisa. 2017. Traditional knowledge of bamboo and its role in 
Karangwangi Village Cianjur, West Java: Implications for management of cultural keystone species. Biodiversitas 18: 275-282. 
Indonesia has a high diversity of bamboo, with more than 160 species can be found around the country. Nowadays, this plant is rarely 
planted around rural communities of West Java due to land use conversions and economic reasons. This research is to discuss traditional 
knowledge of local people of Karangwangi Village, Cianjur, West Java, Indonesia on diversity of bamboo and its role. The qualitative 
method was used in this study, while the data collection techniques, namely semi structure interview or deep interview and observation 
participant are applied. The result of study shows that based on the traditional knowledge of Karangwangi people, it has been reviled 13 
species of bamboo, e.g., Bambusa blumeana J.A. & J.H. Schultz, Bambusa glaucophylla Widjaja, Bambusa maculata Widjaja, Bambusa 
vulgaris Schrad. Ex. Wndl. var vulgaris, Bambusa vulgaris Schrad. Ex. Wndl. var. striata, Gigantochloa apus J.A. & J.H. Schultz. 
Kurz., Gigantochloa atrovilacea Widjaja, Gigantochloa atter (Hassk.) Kurz., Gigantochloa hasskarliana (Kurz.) Backer ex Heyne, 
Gigantochloa pseudoarundinacea (Steud.) Widjaja, Schizostachyum iraten Widjaja, Schizostachyum sp., and Dinochloa scandens 
(Blume ex Neese) Kuntze. On the basis of deep interview, these bamboo species have traditionally various used, such as building 
materials, furnitures, household appliances, working tools, medicine, consumption, traditional musical instruments, traditional game, 
and decoration. In addition, Bamboo soften feature prominently in the language, ceremonies, and narratives of native peoples, so it can 
be considered as a cultural icons. The implications of these discussion are with respect to conservation as cultural keystone species. 

Keywords: Bamboo, biodiversity, cultural keystone species, ethnobiology, Karangwangi 

INTRODUCTION 

Bamboo is a vernacular term for members of subfamily 
Bambusoideae of family Poaceae, the giant grasses 
(McClure 1966). Bamboo has been so intricately related to 
the livelihood of the peoples of Asia representing the 
bamboo civilization in the continent (Nath et al. 2015). In 
Indonesia, bamboos have been utilized widely as raw 
material for industrial, medicinal and clothing industry 
(Maryanto et al. 2013). Bamboo forms integral part of daily 
life in the rural landscape of West Java. Over the millennia 
bamboos have been used as the material for traditional craft 
preparation and that have now been an important 
commodity for wood substitutes (Ekawati et al. 2013). On 
the basis of data recorded by Central Statistic Agency 
(2008), the use of bamboo as wall’s material in urban, rural 
and urban-rural areas, West Java is second widest (m2) 
after brick. 

In terms of conservation, the buffer zone is an area 
surrounding natural forest that serves to limit human 
activity to not damage the ecosystem in natural forest 
(Soemarwoto 1985). Karangwangi Village can be 
considered as a buffer zone. According to Garjita et al. 
(2014), the existence of communities near natural forest is 

a component that directly interacts with it. Karangwangi 
Village in the sub-district of Cidaun, District of Cianjur, 
Province of West Java, Indonesia has a variety of bamboo 
that is grown both in the kebun-talun and in the forest. 
Around 90% of households of Karangwangi are recorded 
as farmers (Karangwangi Village Statistic 2015). Bamboos 
in Karangwangi have traditionally planted mixture with 
other plants in various land uses. Karangwangi has been 
known as one of the locations that correspond to the black 
bamboo ecology as the main component of making the 
Sundanese traditional music, ‘angklung’ (Cundaningsih et 
al. 2015). 

The bamboo has traditionally cultivated in many places 
(Nath et al. 2015b,c), including in the Karangwangi village 
of Cianjur, West Java. In addition, the bamboos have 
strongly related with various socio-economic cultural 
functions over times. As a result, if the bamboos can be 
categorized as cultural keystone species (cf. Garibaldi and 
Turner 2004; Platten and Hefrey 2009). The cultural 
keystone species can be defined as the culturally salient 
species that shape in a major way the cultural identity of a 
people, as reflected in the fundamental roles these species 
have in diet, materials, medicine, and/or spiritual 
practices). The knowledge about utilization of bamboo and 
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its role in Sundanese culture at large, the bamboo can be 
categorized as cultural keystone species. It shows the group 
of bamboo has role according to indicator of cultural 
keystone species. Garibaldi and Turner (2004) mentions 
there are five indicators a species can be considered to be 
cultural keystone species namely intensity, type, and 
multiplicity of use; naming and terminology in a language, 
including use as a seasonal or phenological indicator; role 
in narratives, ceremonies, or symbolism; persistence and 
memory of use in relationship to cultural change; and 
extent to which its role can be replaced or substituted. 
Bamboo as cultural keystone species is one form of 
conservation efforts. For example, it has similar to that of 
the sago palm (Metroxylon sagu) in Eastern Indonesia 
(Garibaldi and Turner 2004) and carrots (Daucus carota) in 
Rurukan Village, North Sulawesi, Indonesia  (Platten and 
Hefrey 2009). 

 The aim of the paper is to discuss on traditional 
knowledge of Karangwangi Village, Cianjur, West Java, 
Indonesia on bamboos, including diversity of bamboo, 
function and use of bamboo, name and terminology, and 
impilcation for management of cultural keystone species. 

MATERIALS AND METHODS 

Study area  
The study was carried out in Karangwangi Village, 

Cidaun Sub-district, Cianjur District, West Java Province, 
Indonesia (Figure 1). 

Procedures  
The method of this research used qualitative, while the 

data collection techniques mainly semi-structure interview 
or deep interview and observation participant (cf. Martin 
1995; Creswell 2009; Newing et al 2011; Iskandar 2012). 
Competent informants were selected by purposive and 
deeply interviewed using an interview guidance list (cf. 
Martin 1995; Waluyo 2004; Newing et al. 2011). In 
addition, observation participation was undertaken. For 
example, the researchers have actively observed and 
participated in some activities of communities, including 
harvesting bamboo, using bamboos for various cultural 
purposes (cf. Newing et al. 2011).   

Data analysis 
 Data were analyzed namely by cross-checking, 

summarizing and synthesizing from different sources in 
order to build up a narrative account, and narrative of 
descriptive analysis and evaluative (cf, Newing et al. 2001)   

RESULTS AND DISCUSSION 

Diversity of bamboo 
Karangwangi Village communities have recognized 15 

species of bamboo. However, based of botany, two of 
fifteen bamboo species have same name, so in terms of 
botany these species categorize into 13 species bamboo 
instead of 15 species based on the community perception 
(Table 1). 

 
 
 

 
 
Figure 1. Map of Karangwangi Village, Cidaun Sub-district, Cianjur District, West Java Province, Indonesia 
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Table 1. Various bamboo species recorded in the Karangwangi Village, Cianjur, West Java, Indonesia 
 
Species name Sundanese name 
Bambusa blumeana J.A. & J.H. Schultz Haur gereng 
Bambusa glaucophylla Widjaja Awi hias 
Bambusa maculata Widjaja Haur seah 
Bambusa vulgaris Schrad. Ex. Wndl. var. vulgaris Haur geulis 
Bambusa vulgaris Schrad. Ex. Wndl. var. striata Haur koneng 
Gigantochloa apus J.A &J.H Schultz. Kurz. Awi tali 
Gigantochloa atroviolacea Widjaja Awi hideung or awi wulung 
Gigantochloa atter (Hassk.) Kurz. Awi temen 
Schizostachyum iraten Widjaja Awi tamiyang 
Gigantochloa pseudoarundinacea (Steud.) Widjaja Awi gombong or awi surat 
Gigantochloa hasskarliana (Kurz.) Backer ex Heyne Awi lengka 
Schizostachyum sp. Awi gembong 
Dinochloa scandens (Blume ex Neese) Kuntze 
 

Cangkoreh 

 
 
 

 
 
 

On the basis of diversity, the diversity of bamboo 
species recorded in the village of Karangwangi was 
considered as quite high. Because based on data recorded 
by Savlona (2006), in the village of Kebon Kalapa, 
Cisarua, District of Sumedang, West Java, Indonesia total 
species bamboo were recorded only seven species that have 
been known and culturally cultivated by local communities, 
i.e. Gigantochloa apus, Gigantochloa pseudoarundinceae, 
Gigantochloa atter, Bambusa vulgaris vulgaris, Bambusa 
vittata, Dendrocalamus giganteus dan Schizostachyum 
iraten. Similarly, Christatanty (1989), noted that only four 
species of bamboo commonly managed by native 
communities in Sadu Village, Soreang, District of 
Bandung, West Java, i.e. Gigantochloa ater, Gigantochloa 
verticillata, Gigantochloa apus dan Bambusa vulgaris. 
However, the diversity of bamboo in Karangwangi Village 
are lower than diversity of bamboo in Bali. In Bali, 18 
species of bamboo were reported that have potential role in 
craft preparation of the local community (Arinasa and 
Peneng 2013).  

Intensity, type, and multiplicity of use  
Bamboos have many uses and functions. The 

Karangwangi people have used bamboos into 10 usages, 
namely material, household appliances, working tools, 
medicine, consumption, traditional music instruments, 
traditional game, decoration, and e ecological function. 

Materials 
 Local people in Karangwangi use bamboo as a material 

for house construction because it is cheap and found in 
affordable price. Moreover older bamboo culms use in 
construction that is not susceptible to termites and almost 
as strong as other wood. The experiences of the farmers 
and craftsman indicate that some species of bamboo as 
Gigantochloa apus resistant powder dry trunk infestation. 
Low starch content in older culm protects bamboo from 
stem borer (Arinasa and Peneng 2013). The utilization as a 
material can be variously used, such as bilik and 

matawalik, rafter and lath, fence, cattle sheds, saung, and 
toilets (Figure 2). 

Household appliances 
The Karangwangi people use bamboo as processed 

material for making household appliances such as aseupan, 
hihid, boboko, ayakan, nyiru, pipiti, tetenong, kele, and 
gonje (Figure 3). These tools still in great demand by 
native communities of Karangwangi and also other 
communities in West Java (cf. Savlona 2006). Given 
communities considers household utensils made of bamboo 
has its own advantages than modern equipment. As well as 
household appliances used for cooking rice. Before 
cooking the rice, the rice washed by using boboko. Nyiru 
used to clean rice from leather, stone and dirt. Related 
functions, nyiru still widely used because there is no 
modern equipment to replace the function of nyiru. After 
the rice is steamed using a furnace with aseupan. 
According to the community, cooked rice using aseupan 
will make the rice taste good and fluffier. 

Furniture 
The local peoples of Karangwangi use bamboo for 

making furniture, such as chair and table (Figure 4). This 
furniture is made by awi wulung/awi hideung 
(Gigantochloa atroviolacea Widjaja). Craftsman 
deliberately use this type of awi hideung for furniture 
because it has a natural black color rarely observed for 
other bamboo species.  

Working tool 
Bamboo used by Karangwangi as equipment for 

workings. For example, awi tamiyang is used for making 
sumpit of hunting animals; korang used as stash fish at 
fishing, tuturus used as wraps plant (e.g. bean, cucumber, 
etc.) at farming systems, and lodong kawung used as pace 
bugged sugar palms. In addition, bamboo can be used as 
traditional water pipe system (cf Christanty 1989; Savlona 
2006). 
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D E F 
 
Figure 2. Bamboo as material (a) house (b) saung (c) cattle sheds (d) bridge (e) fench (f) toilets 
 

 

 
A B C D 

 
Figure 3. Household appliances made of bamboo (a) stove cooking rice using aseupan (b) hihid (c) boboko (d) nyiru 
 

 

A B 
 

Figure 4. Chair (A) one set furniture (B) 
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A B C D 
 

Figure 5. Working tool: (A) korang, (B) tuturus, (C) lodong kawung, (D) lodong pipa saluran air 
 
 
 
 

 
A B 

 
Figure 6. A. Kuyuk as traditional food of Karangwangi people, B. Cangkoreh as peureuh or tear water  
 
 
 

 

A B C 
 
Figure 7. A-B. Agustusan festival (left) and gayar (right), C. Awi hias has function as decoration at the homegarden 
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Consumption 
The Karangwangi people uses bud of bamboo (iwung in 

Sundanese or rebung in Indonesian) as food item but not all 
of ‘rebung’ bamboo can be consumed. Only rebung of haur 
geulis (Bambusa vulgaris), awi temen (Gigantochloa atter), 
awi hideung (Gigantochloa atroviolacea), and awi lengka 
(Gigantochloa hasskarliana) are eaten by people 
Karangwangi so food called kuyuk (Figure 6.A). Mean-
while, according to native communities rebung bamboo in 
other species make weureu or poisoned. Bamboo shoots 
have poison so that after cutting must be soaked 
periodically. Iwung can be consumed as kuyuk (vegetable 
food). Local communities of Karangwangi use iwung of 
haur gereng (Bambusa blumeana) as pesticide and poison 
to catch fish in river. Toxicity on a bamboo shoot, can kill 
fish. In addition, bamboo leaves used as feed for livestock. 

Traditional medicine 
There are four bamboo species that are believed by 

native communies in Karangwangi that capable of healing 
diseases such as cangkoreh (Dinochloa scandens), awi 
hideung (Gigantochloa atroviolacea), awi gombong 
(Gigantochloa pseudoarundinacea), and haur koneng 
(Bambusa vulgaris). According to the local communities, 
drinking water juice of Cangkoreh capable of healing 
cough. While peureuh or tear water of cangkoreh in the 
eyes capable of treating and healing eyes (Figure 6.B). 
While the water morsel awi gombong and awi hideung are 
believed to heal a cough. According to (Wijaya et al. 2014) 
water inside the cavity bamboo segments in bamboo are 
used for a variety of drugs, such as cough medicine, 
internal medicine, and fever medicine. While, the water  in 
a segment of bamboo cavity containing 18.34 oxygen and 
5.95 minerals so the water is very good for healing any 
diseases without side effects (Maryanto et al. 2013). As 
well as haur koneng is believed to treat liver disease and 
gonorhoe. Bamboo for drug research underdeveloped in 
Indonesia so that this information cannot be proven 
scientifically even though people already use (Wijaya et al. 
2014).  

Traditional music instruments 
Bamboo species are commonly used as musical 

instruments, including awi hideung and awi tamiyang. Awi 
hideung is used to create angklung and calung. Angklung 
and calung are recognized as Sundanese musical 
instrument made of bamboo. Angklung is regarded as the 
original musical instruments from Priangan (West Java). 
Musical instrument consists of two or three medium-sized 
short bamboo which is placed in a rectangular frame. Awi 
tamiyang used to make flutes. Nowadays, awi tamiyang in 
Karangwangi has not been used any longer to make flutes 
due to lack of interest from the utilization of awi tamiyang. 

Traditional game 
Since the first, children in rural areas of West Java and 

Banten also use bamboo for playing a game (cf. Alif 2016). 
So also with Karangwangi, the children play game such as 
gatrik, gayar, and enggrang (Figure 7.A-B). However, 
today gatrik and gayar have rarely played by children in 

Karangwangi. The enggrang is still frequently played 
within the scouts. Enggrang is usually made of two types 
of awi hideung bamboo stems. 

Decoration 
The Karangwangi people know the species bamboo of 

awi hias (Bambusa glaucophylla) for decorating 
homegarden. Utilization of awi hias has been known 
around 2000s. Initially it has been introduced by someone 
then spread to other people and planted in mostly all 
homegarden in Karangwangi. The form that neat and 
unique colors favored by the local communities. Its 
presence is relatively new, so not at all people have well 
known about this species. The awi hias is traditionally used 
by people of Karangwangi for esthetical function that is 
usually planted in homegardens. For this purpose people in 
the region plant the species in for enhancing aesthetic value 
(Figure 7.C).  

Ecological function 
Generally bamboos have ecologically functioned at the 

local environment of Karangwangi. Bamboos provide 
numerous ecological services (Nath et al. 2015a). Bamboo 
gardens of the upstream have been an important role in 
conservation of water and soil so that water can still be 
continuously used by farmers even in dry soil while the soil 
conservation can be maintained in order to avoid landslides 
of the steep slope of the land uses. According Chrisatanty 
(1989) and Rabik et al. (2009) bamboo roots are fibrous 
root (fibers) and rhizomes bamboo beads bind the soil and 
help reduce erosion. The hair of bamboo roots has a 
remarkable ability to expand so that bamboo has a high 
water storage capacity and act as living aquifer is storing 
water for use later. Bamboo leaves fall and accumulate in 
the soil is able to increase the absorption of water into the 
cavity of groundwater and reduce the carryover of 
rainwater into the river, and reduce floods in the rainy 
season. Surface water is sourced from groundwater cavity 
that released slowly all year, providing a source of water 
for humans, the life of the river, the tree farm for a longer 
time in the dry season 

Naming and terminology in a language including use as 
a seasonal or phenological indicator  

Naming of bamboo by local communities in 
Karangwangi has several purposes and meaning. For 
instance, naming of awi hideung, because the stems are 
black or haur koneng because the stems are yellow. In 
addition to its color, naming is based on nature of bamboo 
culm. For example, haur gereng namely 'greng' in the 
sense of making people fear or haur seah namely 'seah' 
(the sound of rushing water) which meant that when the 
wind blew haur seah as if it make sound like rushing water. 
The bamboo has these phases in infancy are of bamboo 
shoot, young stem, adult stem, and old stem (Figure 8). 
These phases will facilitate the native communities to tell 
the age of bamboo stem that can be cut according to 
utilization. Growing bamboo shoots can be used as a sign 
of the entry of the rainy season. 
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Role in narratives, ceremonies, or symbolism 
In Karangwangi, bamboos have been an important role 

in narrative that flows from generation to generation. 
History of bamboo still cannot be separated from the 
culture of traditional ceremonies and myths. Local 
communities believe that the large trees like bamboo, there 
are creatures that inhabit. According to the communities 
awi hideung according to the communities is a witness to 
history in its use as stakes in independence against 
invaders. In addition, awi tamiyang as one plant species 
that is culturally used in the ritual ngukus padi or haur 
geulis is used in marriage ceremonies. Haur koneng is used 
to ward off black magic symbols that serve as antidote or 
starting reinforcements. In the Sunda Buhun philosophy, 
respect for paddy occupy high positions held with joy 
farmers (Soeganda 1982). Bamboo music is always 
presented in a cycle of rice planting ceremony so it is 
reasonable to bamboo musical presence in Sundanese 
culture is still preserved, especially in the traditional 
agrarian society (Budi et al. 2014). 

Persistence and memory of use in relationship to 
cultural change  

Bamboo is very closely related to the cultural life of 
Karangwangi. Almost all of the activity of native 
communities are using bamboo. In social and economic 
aspects, bamboo enhances primary or secondary source of 
income. In addition to the rural communities, bamboos can 
be savings, a resource buffer reliable in case of a state of 
famine. Bamboo shoot can be eaten. Bamboo stem can also 
be traded (Batubara 2002). In addition, local communities 
still use stilts made from bamboo. When people replace 
from using bamboo into wood or cement, bamboo is 
certainly no longer be used as the base material. 

Extent to which its role can be replaced or substituted 
According to local communities of Karangwangi, 

bamboo has a diverse role. Even so, its role may be 
replaced. For example, bamboo as raw material for making 
giribik. Nowadays, giribik almost hard to find its use by the 

native communities because it is replaced by a plastic 
products (Figure 9). Giribik well known to accelerate the 
drying of grain drying. But because the craftsman of giribik 
already rare and tarp more durable in storage, native 
communities of Karangwangi to shift from giribik into tarp. 
In addition, household appliances such as kele, pipiti, and 
gonje has also been replaced with other raw materials such 
as plastic. 

Based on this study, it can be conclude that local 
communities of Karangwangi, Cidaun Sub-district, Cianjur 
District, West Java Province, Indonesia have traditional 
knowledge all about bamboo. According to intensity, type, 
and multiplicity of use; naming and terminology in a 
language, including use as a seasonal or phenological 
indicator; role in narratives, ceremonies, or symbolism; 
persistence and memory of use in relationship to cultural 
change; and extent to which its role can be replaced or 
substituted, so that group of bamboo can be categorized as 
‘cultural keystone species’. 
 

 
 
Figure 8. Phenology of bamboo: A. Bamboo shoot, B. Young 
stem, C. Adult stem, D. Old stem 

 
 

A B 
 
Figure 9. Displacement of bamboo’s uses value; still using giribik (A) and now using tarp (B) 

A 

B 

C

D
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Abstract. Widhiono I, Darsono, Fasihah N. 2017. Short Communication: Endemics species of dung beetles (Coleoptera: Scarabaeidae) 
on the southern slope of Mount Slamet, Central Java, Indonesia. Biodiversitas 18: 283-287. A survey was conducted to gauge the 
diversity of dung beetles (Coleoptera: Scarabaeidae) on the forested southern slope of Mount Slamet, Central Java, Indonesia, from 
April to June 2011. A total of 255 dung beetles of 14 species were collected. Of the 255 specimens collected, 125 (49.42%) were found 
in secondary forest and 130 (50.58%) were found in Agathis forest. The most abundant species was Phacosoma punctatum with 107 
individuals (41.9%), followed by Onthophagus echinus with 53 individuals (20.7%) and Onthophagus palatus with 36 individuals (14.1 
%). One species (Onthophagus trituber) was discovered to be a cosmopolitan species, while ten species (Onthophagus armatus, 
Onthophagus discedens, Onthophagus echinus, Onthophagus egenus, Onthophagus holzi, Onthophagus luridipennis, Onthophagus 
palatus, Onthophagus sp., Dactylosternum sp. and Apogonia cribrata) were endemic to Mount Slamet.  

Keywords: dung beetles, Mount Slamet, endemic species, cosmopolitan species  

INTRODUCTION 

Dung beetles (Coleoptera: Scarabaeidae) serve an 
important function as detritivores in tropical forest 
ecosystems. Some species of dung beetles have highly 
specific habitat preferences (Halffter and Favila 1993)and 
many of them are unable to occupy areas of open 
vegetation (Boonrotpong et al. 2004). This specificity 
makes dung beetles useful as precise bioindicators of the 
health of forest ecosystems (Audino et al. 2014).Dung 
beetle community composition is strongly influenced by 
habitat loss and fragmentation, which may restrict species 
distribution or even cause local extinctions (Davis and 
Philips 2005; Hernández and Vaz-de-Mello 2009).Studies 
on dung beetles have been conducted in some forested 
areas of Indonesia, including North Sulawesi (Hanski and 
Krikken 1991; Hanski and Niemela 1990), Sumatra 
(Gillison et al. 1996), Lembah Harau National Park, West 
Sumatra (Putri et al. 2015; Sari et al. 2015), West Java 
(Noerdjito 2003) Gede Pangrango National Park, West 
Java (Shahabuddin et al. 2005; Kahono and Setiadi 2007) 
and Central Sulawesi (Shahabuddin et al. 2007; 
Shahabuddin 2010). 

However, to this point no research has been conducted 
on dung beetles in the forested area of Mount Slamet, 
Central Java. Mount Slamet, a transitional bioregion 
between the wet forest of western Java and the monsoon 
forest of eastern Java, is the largest mountain on the island 
of Java. The forest ecosystem of Mount Slamet, especially 
on the southern slope, remains in good condition due to 

regional hydrological protection that prohibits logging. 
This study was thus carried out there with the objective of 
investigating endemics species composition and abundance 
of dung beetles in two types of forest ecosystem.  

MATERIALS AND METHODS 

Study site 
This research was conducted on the southern slope of 

Mount Slamet between 645 m and 856 m above sea level 
(7° 18' 49.32” S and 109° 12' 45.86” E - 7° 18' 32.31” S 
and 109° 13' 16.70” E). Surveys were carried out from 
April to June 2011 in secondary and Agathis forest 
ecosystems, both of which are very stable in this location 
due to the lack of logging activity (Figure 1.) 

Dung beetle collection 
Surveys were conducted by random sampling at three 

sites in each of the two habitat types. Beetles were 
collected along 40 m transect lines within 1,600 m² 
sampling plots. Ten traps were placed along each transect, 
at a distance of approximately ten meters from the transect 
line (Kahono and Setiadi 2007). Traps were created by 
embedding plastic cups in the ground with their rims flush 
to the ground surface. These cups were filled with an 
insect-killing solution (3 tablespoons of salt and 3 
tablespoons of liquid detergent dissolved in 1 L of water). 
Fresh cow dung wrapped in gauze was hung in the centres  
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Figure 1. Study site secondary and agathis forest in southern slope of Mount Slamet, Banyumas, Central Java, Indonesia 
 
 
 
of the mouths of the traps as bait. Traps were covered with 
plastic fibre to protect them from rainwater and dirt. Traps 
were checked after two days and beetles collected from 
them were preserved in Scheerpelz solution as 
recommended by Krell (2007). For beetles identification, 
all specimen were identified by beetle taxonomist from 
Research Center for Biology, Indonesian Research Institute 
(LIPI) Bogor, West Java, Indonesia. 

Environmental factors 
Environmental parameters were measured for each 

habitat included air temperature, humidity and canopy 
cover. 

Data analysis 
To compare the dung beetle community structure from 

two habitats, we calculated, and alpha diversity (Shannon 
H', Simpson D, and Evenness [E]). For analysis habitat 
preference and endemism we grouping all specimen into 
secondary and agathis forest and comparing with any 
references therein. To know impact of environmental on 
dung beetle species composition we applied correlation 
analysis with the help of SPSS 21.  

RESULTS AND DISCUSSION 

A total of 255 dung beetles (Coleoptera: Scarabaeidae: 
Scarabaeinae), comprising 14 species in four genera 
(Phacosoma, Onthophagus, Apogonia and 
Dactylosternum), were collected from the southern slope of 
Mount Slamet. Eleven species were collected from 
secondary forest and ten species were collected from 
Agathis forest. Of the 255 specimens collected, 125 

(49.42%) were found in secondary forest and 130 (50.58%) 
were found in Agathis forest. Three species were 
predominant; the most abundant was Phacosoma 
punctatum with 107 individuals (41.9%), followed by 
Onthophagus echinus with 53 individuals (20.7%) and 
Onthophagus palatus with 36 individuals (14.1 %). 
Onthophagus sp. and Onthophagus armatus were 
moderately abundant, with 14 (5.54%) and 10 (3.9%) 
individuals collected, respectively. The remaining species, 
which were categorized as rare (with fewer than ten 
individuals found), were Apogonia cribrata, 
Dactylosternum sp., Onthophagus batillifer, Onthophagus 
egenus, Onthophagus holzi, Onthophagus luridipennis, 
Onthophagus pacificus, and Onthophagus trituber. 

Four species (O. batillifer, O. egenus, O. luridipennis, 
and O. trituber) were found only in secondary forest. Three 
species (A. cribrata, Dactylosternum sp. and O. discedens) 
were found only in Agathis forest. The remaining seven 
species (O. armatus, O. echinus, O. holzi, O. pacificus, O. 
palatus, Onthophagus sp. and P. punctatum) were found in 
both habitats. P. punctatum was more abundant in 
secondary forest, while O. echinus and O. palatus were 
more abundant in Agathis forest. According to the 
Shannon-Weiner diversity index, secondary forest had a 
greater diversity of beetles (H' =1.805, E = 0.5528, D = 
0.7421) than Agathis forest (H' =1.596, E = 0.4933, D = 
0.7343 ).  

We found 14 species of dung beetle on the southern 
slope of Mount Slamet (Figure 2). This is fewer species 
than the 28 found by a similar study in Kerinci Seblat 
National Park, Sumatra (Hariyanto 2007) Kayan 
Mentarang National Park, North Kalimantan and Gunung 
Gede Pangrango National Park, West Java (Shahabuddin et 
al. 2005) but significantly more than were identified in 
Lembah Harau National Park, West Sumatra (Putri et al. 
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2015; Sari et al. 2015). There are many factors that explain 
these differences in species diversity, including differences 
in location, timing of the studies, type of ecosystem, 
vegetative cover, fragmentation, physical structure, and 
environmental elevation (Escobar et al. 2005). Of the 14 
species collected from the southern slope of Mount Slamet, 
two (O. pacificus and P. punctatum) have also been 
collected from Gunung Gede Pangrango National Park in 
West Java (Shahabuddin et al. 2005) and three (O. 
batillifer, O. pacificus and O. trituber) were also found in 
the North Kalimantan forest (Davis et al. 2001). O. trituber 
has also been identified in Lore Lindu National Park in 
Central Sulawesi (Shahabuddin. 2010). This species is 

widely distributed, having been found on the three islands 
of Java, Kalimantan and Sulawesi. 

The species of dung beetle collected in this study can be 
classed into three groups according to habitat preference. 
The secondary forest group comprises O. batillifer, O. 
egenus, O. luridipennis and O. trituber. The plantation 
forest group includes A. cribrata, Dactylosternum sp. and 
O. discedens. The third group, cosmopolitan species that 
were found in both habitats, contains P. punctatum, O. 
armatus, O. echinus, O. holzi, O. pacificus, O. palatus, and 
Onthophagus sp.. This result correlated with environmental 
conditions of the study site, especially with canopy covers 
(r2 = 0,73) (Table 2). 

 
 
 
Table 1. Species and abundance of dung beetles found in two habitat types on the southern slope of Mount Slamet, Central Java, 
Indonesia 
 

Species  Secondary Agathis Total 
collected 

Average 
from each site 

Relative 
abundance (%) Forest Forest 

Phacosoma punctatum 58 49 107 53.5 41.9 
Onthophagus echinus 13 40 53 26.5 20.7 
Onthophagus palatus 16 20 36 18 14.1 
Onthophagus sp. 11 3 14 7 5.4 
Onthophagus armatus 3 7 10 5 3.9 
Onthophagus trituber 6 0 6 3 2.3 
Onthophagus batillifer 6 0 6 3 2.3 
Onthophagus pacificus 3 2 5 2.5 1.9 
Onthophagus holzi 4 1 5 2.5 1.9 
Onthophagus discedens 0 4 4 2 1.5 
Onthophagus luridipennis 3 0 3 1.5 1.1 
Apogonia cribrata 0 3 3 1.5 1.1 
Onthophagus egenus 2 0 2 1 0.7 
Dactylosternum sp. 0 1 1 0.5 0.3 
Total (individuals) 125 130 255    
Total (species) 11 10 14    
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Figure 1. Species composition of dung beetle in study area on the southern slope of Mount Slamet, Central Java, Indonesia. A. 
Onthophagus armatus, B. Onthophagus batillifer, C. Onthophagus discedens, D. Onthophagus echinus, E. Onthophagus egenus, F. 
Onthophagus holzi , G. Onthophagus luridipennis, H. Onthophagus pacificus, I. Onthophagus palatus, J. Onthophagus sp., K. 
Onthophagus trituber, L. Apogonia cribrata, M. Dactylosternum sp., N. Phacosoma punctatum 
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Table 2. Environmental factors in two habitat, secondary and 
agathis forest during sampling periods (means ± SD) 
 
Environmental 
parameters 

Secondary forest Agathis forest 

Air temperature (°C) 25.56 ± 0.58 28.33 ± 0.43 
Humidity (%) 87.56 ± 1.81 78.56 ± 1.24 
Canopy cover (%) 82.67 ± 2.18 72.33 ± 2.18 
 
 

 
According to Escobar et al (2015), dung beetle 

distribution is strongly influenced by the vegetative cover, 
fragmentation, physical structure, and elevation of the local 
environment. These characteristics are important factors 
that determine the composition, abundance, and richness of 
species assemblages (Almeida and Louzada 2009).Dung 
beetle community composition is strongly influenced by 
habitat loss and fragmentation, which may restrict their 
distribution or even cause local extinctions (Audino et al. 
2014). Habitat suitability also affects the abundance of 
species such as P. punctatum, O. echinus and O. Palatus, 
the latter two species being more abundant in plantation 
forest while the former is more abundant in primary forest. 
The greater abundance of P. punctatum in primary forest is 
most likely due to this species’ preference habitat with 
denser canopy cover and lower temperatures, making it a 
so-called “shaded species”, while O. echinus and O. 
palatus, by contrast, prefer habitats with less canopy cover 
and higher temperatures (Shahabuddin. 2010), however in 
this study significant environmental factors affecting the 
distribution of the these beetles only canopy cover (r2 = 
0,73) 

Furthermore, in comparing our data with that of studies 
conducted in Gede Pangrango National Park in West Java, 
Lore Lindu National Park in Central Sulawesi, and the 
mountain forest in North Kalimantan, Indonesia we 
identified several species (O. armatus, O. discedens, O. 
echinus, O. egenus, O. holzi, O. luridipennis, O. palatus, 
Onthophagus sp., Dactylosternum sp. and A. cribrata) that 
were only collected on Mount Slamet, and can thus be 
considered endemic to the area.  

Based on the Shannon-Wiener diversity index, 
secondary forest on Mount Slamet has a greater diversity of 
dung beetles (H' =1.805, E = 0.5528, D = 0.7421) than 
Agathis forest (H' =1.596, E = 0.4933, D = 0.7343). The 
greater diversity of tree species and denser canopy cover 
found in primary forest can create microclimates, 
especially with regard to temperature and humidity, which 
strongly influence the species composition of dung beetle 
communities (Barbero et al. 1999). Habitats containing 
more complex vegetation structure and denser canopy 
cover can support a greater diversity of dung beetles, as 
complex vegetation provides larger areas in which dung 
beetles can search for food, as well as offering shelter from 
potential predators (Arellano et al. 2005). Based on the 
result can be concluded that the forest on the southern slope 
of Mount Slamet contains ten endemic species of dung 
beetles and the species abundance of endemic beetles 
correlated with forest condition especially canopy covers.  
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Abstract. Djufri, Wardiah. 2017. The diversity of undergrowth plants on Acacia nilotica stands as food resources of banteng (Bos 
javanicus) in Baluran National Park, East Java, Indonesia. Biodiversitas 18: 288-294. The objectives of this research were to determine 
species composition, importance value of species, diversity index and evenness index of the undergrowth plants of Acacia nilotica 
stands. The quadratic method was used in this study. The similarity indeks and cluster analysis were performed to classify the 
community structure of undergrowth plants of Acacia nilotica. The results of this study showed that there were 63 species of plant 
belonging to 18 families. The importance value ranged between 0.97-42.58 and high and medium importance values belonged to 
Brachiaria reptans, Thespesia lampas, Oplismenus burmannii, Dichanthium coricosum, Axonopus compressus, and Synedrella 
nodiflora. The diversity index and evenness ranged 1.1504-2.7556 and 1.1067-1.7854, respectivelly. The Brachiaria reptans, 
Dichantium coricosum, Thespesia lanpas, Achyrantes aspera, Stachytarpeta indica, Axonopus compressus and Oplismenus burmanii 
were predominant in study area. In addition the invasion of A. nilotica has decreased the carryng capacity of savanna in Baluran 
National Park to the banteng.  

Keywords: Acacia nilotica, species composition, banteng, Baluran National Park 

INTRODUCTION 

Baluran National Park (BNP) is situated in East Java 
Province, Indonesia ranges from Banyuputih sub-District to 
Situbondo. The BNP is bordered by Madura Strait to the 
north, the Bali Strait to the east, the river Bajulmati 
(Wonorejo Village) to the west and the Klokoran River 
(Sumberanyar village) to the south. Baluran has dry climate 
and it is dominated by savanna and the rest of the areas are 
lowland, mangrove forests, and hills, with Mount Baluran 
at 1.247 m from sea level (Sabarno 2002). The savanna of 
BNP has large of grassy area with mixture of various 
bushes and trees (Caesariantika et al. 2011). It is known 
that several factors have triggered the grassland existence 
namely fire, dry season, and lower precipitation. However, 
van Steenis (1972 stated that fire was presumed as the most 
influenced factors that convert it into the grassy land 
(Sutomo et al. 2016). 

Savanna plays an importance role for living organisms. 
The grassy area of savanna provide food for wildlife such 
as banteng, deer, wild buffalo, and others. Therefore, 
ecological balance is required to keep up sustainability and 
continuity of the ecosystem. However, fire, industry 
activities, rapid human population, agricultural activities, 
and invasion of certain plant have changed its ecological 
balances (Hakim et al. 2015; Sutomo et al. 2016). 
Therefore, the pressures and disturbances in the ecosystem  
 
 

must be handled comprehensively. The most triggered 
pressure disrupting the stability of the ecosystem is the 
existence of alien plant called Acacia nilotica leading to the 
decline in the quality and quantity of the savanna (Sabarno 
2002). The purpose of A. nilotica introduction into BNP is 
to prevent the forest fires in BNP. This plant has dominated 
the area leading to decline of grassy area of savanna. The 
A. nilotica is growing densely producing large canopy area 
leading to the reduction of survival capability of grass 
species due to less sunlight for photosynthesis. In addition, 
the allochemicals producing by A. nilotica gave negative 
impact to other plants (Djufri 2004, Caesariantika et al. 
2011).  

The plant invasion has declined the grazing area for 
wild animals, specially banteng (Sabarno 2002). The 
decrease of the area has forced them to find alternative 
foods such as leaf and seed of A. nilotica. However, as the 
most important food, grass is irreplaceable (Sabarno 2002). 
This phenomenon has disturbed the ecosystem stability in 
the park as the reduction of the main food threatens the 
herbivores in the BNP (Caesariantika et al. 2011). 
Nowadays, no study has been done to evaluate the impact 
of the A. nilotica invasion on the plants diversity in BNP. 
Therefore the objective of the present study was to 
characterize the autecology of A. nilotica in the national 
park.  
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MATERIALS AND METHODS 

Data collection 
Observation and setting observation station 

(segmentation) was previously done before sample 
collection. The total area of Savanna Bekol was 
approximately 420 hectares, therefore only 10 % of the 
total area has been taken as the study area. The setting was 
based on the homogenous area of each station.The 
observed area reached 42 hectares comprising three station 
relied on characteristics of density of A. nilotica stands; a) 
the open area of Savanna Bekol (SBK0) (control), the area 
with 1500-3000 trees/ha of A. nilotica stands (SBK1), and 
the area with more then 3000 trees/ha of A. nilotica 
(SBK2). The study used quadrant method. The area 
consisted of 10 stations with 1.4 ha each. Each station had 
five plots, so there were 50 plots in total. The steps were 
repeated on savanna of Kramat (600 ha) and savanna of 
Balanan (1250 ha) (Figure 1). The names of three stations 
on Kramat savanna were SKR0, SKR1, SKR2 and SBL0, 
SBL1, dan SBL2 for Balanan savanna. There were 150 
plots in the study area. Determining the number of plots it 

was used quadrant technique with three series of patterns, 
and sampling plot area with minimum area curve (Barbour 
et al., 1999; Setiadi and Muhadiono 2001; Indriyanto 2006; 
Kent 2011).  

Parameters and data analysis 
The plant samples were identified based on Backer and 

Bakhuizen (1963, 1965, 1968) and van Steenis (1972) and 
herbarium technique. The variables observed included 
number of species, absolute density value (ADV), absolute 
frequency (AF), and absolute dominance (AD). To 
determine important value (IV) of each species it was used 
Cox formula (2001) i.e; IV = relative frequency (RF) + 
relative density (RD) + relative dominance (RD). The 
results were used as the values to determine species 
diversity index (H’) in a community (Barbour et al. 1999; 
Krebs 2001; Fachrul 2007; Djufri et al. 2016). Data was 
analyzed by sofware of Ecological Methodology 2nd edition 
(Krebs 2001). The data were presented in tables and 
analyzed descriptively.  

 
 
 
 
 
 
 

 
Figure 1. Study site in Balanan (A), Kramat (B), and Bekol (C) savannas of Baluran National Park, East Java, Indonesia 
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RESULTS AND DISCUSSIONS 

Compositions of plant species as food sources of 
banteng 

The composition of plants found in savanna Bekol, 
Keramat, and Balanan comprised of 63 species which 
belong to 18 families (Table 1). There were 60 species 
found in the open area of Bekol savanna and 22 species 
were found in its shaded areas. While in the open areas of 
Kramat savanna there were found 25 species and 11 
species in shaded area, and in Balanan savanna it was 
found 21 species in the open area. Whilst 14 in its shaded 
area. Therefore, the number of species in open area was 
higher than that under the shade of A. nilotica stands (Table 
2). This indicated that the density of A. nilotica affected the 
presence of plants under the stands. Sunlight is an 
important factor in the diversity of species in the savanna. 
Three effects of sunlight on plant physiology are: (i) affects 
the heat exchange in plant tissues and environment, 
transpiration, respiration, biochemistry reactions in 
photosynthesis and other metabolisms, (ii) it gives inpact 
on photochemical effect of photosynthesis, and (iii) it 
influences morphogenic effect that regulates and stimulates 
the growth and development the plants. The influence of 
radiation intensity in plant germination is stronger than the 
changes in the quality of radiation (Salisbury and Roose 
1991).  

The composition of species found in Bekol, Kramat and 
Balanan savanna consisted of 63 species belonging to 18 
families. The detail composition were 15 species belong to 
Poaceae (23.81 %), 11 species of Fabaceae (17.46 %), 8 
species of Asteraceae (12.70 %), 5 species of Mimosaceae 
(7.94 %), 4 species each of Malvaceae and Euphorbiaceae 
(6.34 %), 3 species of Lamiaceae (4.76 %), 2 species each 
of Cyperaceae and Solanaceae (3.17 %), and 1 species each 
of Rhamnaceae, Verbenaceae, Asclepiadaceae, Apiaceae, 
Amaranthaceae, Capparidaceae, Salvinaceae, dan 
Rubiaceae (1.59 %) (Table 2). Based on the percentage of 
species this was grouped into natural savanna since the 
number of Poaceae species was up to 20 % (Speeding 
1971). The data showed that the members of Poaceae were 
dominant in the savanna (23.81 %). The findings have been 
supported by low precipitation level in the area (900-1600 
mm/year) and its high temperature ranging 320-370C 
particularly during summer (from April to October) 
(Sutomo et al. 2016)  

Savanna can be formed due to secondary succession. 
However savannas of Baluran National park are natural 
ones (Caesariantika et al. 2011). The savannas are also 
absent for introduced plants. Linking to physiognomy 
theoretically. Bekol, Kramat, and Balanan savanna could 
not be categorized as the true savanna since the areas were 
dominated by A. nilotica (>70 %). The shaded areas which 
were under A. nilotica stands with the tree diameter of 25-
50 cm, the average height of 7 m, and the density of about 
15-20 trees/400 m2 have blocked sunlight penetrating to the 
floor of the forest leading to inhibit the growth of 
undergrowth plants including grasses. It happened 
prominently in Balanan savanna. The study showed that 

only some survival species were found under the stands 
such as B. reptans, O. burmanii, T. arguens, A. 
compressus, D. coricosum, and D. aegyptium. However, 
the low density, frequency, and dominance of those plants 
indicated that herbivores (Bos javanicus, Cervus 
timorensis, Bubalus bubalis, and Muntiacus muntjak) 
experienced lack of food in the three savannas.  

A. nilotica is an aggressive species. It has invaded the 
area of savanna and produced groups of shaded areas. 
According to Sutomo et al (2016) the shaded areas had 
different characteristics. The group of young plants was 
identified by lighter green with sparse density patterns and 
was that located at the front of each older stands, whereas 
the group of older plants produced a thick dark block. 
Therefore, the stands have decreased the savanna areas in 
Bekol.  

Some species such as A. leprusola, A. indica, Z. 
rotundifolia, and L. leucocepala were specific 
characteristic of savanna of BNP. However, those plants 
were less dominant than A. nilotica and had less suppressed 
effect on the undergrowth plants. Besides sunlight 
radiation, the Indonesian Ministry of Forestry (2008) stated 
that the tannin released by A. nilotica to the soil has 
decreased in number of species under the stands 
(Caesariantika et al. 2011). The chemical has direct or 
indirect harmful effects to other plants. The allelochemicals 
can be produced and released by root and other organs such 
as flower, leaf, fruit, and seed. The release of toxic 
compounds is important mechanism to suppress or inhibit 
the growth of other species. The chemicals in certain 
concentration have decreased plant growth potential by 
blocking the amino acids and inhibiting of protein 
synthesis. The chemicals inhibit root growth of seedlings, 
reduce radical emergence during germination leading to 
plant death (Ardhana 2012). Salisbury and Ross (1991) 
explained that allelophaty inhibit the following processes ; 
proliferation and elongation of cells, GA and IAA 
activities, minerals absorption, photosynthesis rate, 
respiration, stomatal opening, protein synthesis, and 
enzymatic activities. Therefore, the surviving undergrowth 
species has capability to enhance adaptation mechanism 
and tolerance to the released allelochemicals.  

There were more species found in open area than that of 
the shaded area in Balanan (areas with A. nilotica density 
of 1500-3000 trees/ha and >3000 trees/ha). The savanna 
has been turned into A. nilotica forest (Table 2). The 
consequence was the loss of grass species as the main food 
sources for herbivores from this location leading to the 
vanish of the savanna area. Therefore, all components 
including Department of Environment and Forestry must 
take part to find proper management to deal with the 
problems. The disruption was prevented by concrete and 
comprehensive programs. According to Sabarno (2002) 
savanna is an unstable ecosystem. Its ecological balance 
relies on climate, fire, and animal usages. In order to 
conserve the savanna, manipulative activities are required 
such as controlled fire, regulation of animal population and 
deforestation. Forest fire destroys woody plants, dicots, and 
palms, but has less impact on the rhizomes of grasses.  
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Table 1. Composition of species found in Bekol, Kramat, and Balanan Savanna Baluran National Park, in the open and shaded areas as 
food sources for (Bos javanicus d’ Alton) (E = eaten and NE = not eaten) 
 

Local name Species  Family Habitus Life form Category 
Jarong Achyrantes aspera L. Amaranthaceae Herb Non grass E 
Pegagan Centela asiatica (L.) Urb. Apiaceae Herb Non grass E 
Biduri Calotropis gigantean (Willd.) Dryand Ex. W.T. Ait.  Asclepiadaceae Shrub Non grass NE 
Babadotan Ageratum conyzoides L. Asteraceae Herb Non grass E 
Ketulan Bidens pilosa L. Asteraceae Herb Non grass E 
Sintrong Crassocephalum crepidiodes (Benth.) S. Moore Astercaeae Herb Non grass E 
Tempuyung Emelia sonchifolia (L.) DC. Ex. Wight Asteraceae Herb Non grass E 
Nyawon Eupatorium odoratum L. Asteraceae Shrub Non grass E 
nyawon ungu Eupatorium prostrata W. Ait.  Astercaeae Herb Non grass E 
Gletengan Synedrela nodiflora (L.) Gaertn.  Asteraceae Herb Non grass NE 
Nyawon Vernonia cinerea (L.) Less. Asteraceae Shrub Non grass NE 
Pedangan Cleome rutudisperma DC. Capparidaceae Herb Non grass E 
Teki payung Cyperus pygmaeus Rottb Cyperaceae Herb Non grass E 
Teki Cyperus rotundus L. Cyperaceae Herb Non grass NE 
Daun bolong  Acalypha indica L. Euphorbiaceae Herb Non grass E 
Meniran (a) Phyllanthus niruri L.  Euphorbiaceae Herb Non grass E 
Meniran (b) Phyllanthus urinaria L. Euphorbiaceae Herb Non grass E 
Patikan kebo Euphorbia hirta L.var. glabra Steen. Euphorbiaceae Herb Non grass E 
Kacangan (c) Cassia seamea Lmk.  Fabaceae Herb Non grass E 
Kacangan (e) Clidemia hirta (L.) D. Don.  Fabaceae Herb Non grass E 
Kembang telang Clitoria ternatea L. Fabaceae Herb Non grass E 
Orok orok (b) Crotalaria anagyroides H.B.K. Fabaceae Herb Non grass E 
Orok-orok (a) Crotalaria striata DC. Fabaceae Herb Non grass E 
Kacangan (b) Desmodium caudatum (Thunb.) DC. Fabaceae Herb Non grass E 
Susukan Desmodium heterophyllum Willd. DC. Fabaceae Herb Non grass E 
Kacangan (a) Desmodium triflorum (L.) DC.  Fabaceae Herb Non grass E 
Tarum Indigofera sumatrana Gaertn. Fabaceae Herb Non grass E 
Kekosongan Moghania macrophylla (Willd.) O.K. Fabaceae Herb Non grass E 
Paci Leucas lavandulaefolia J.E. Smith  Lamiaceae Herb Non grass E 
Kemangi Ocimum basilicum L. Lamiaceae Herb Non grass E 
Jarong lelaki Stachytarpeta indica (L.) Vahl Lamiaceae Herb Non grass E 
Nimba Azadirachta indica A. Juss. Meliaceae Seedling Non grass NE 
Kapasan hutan Malvaviscus arboreus Cav. Malvaceae Shrub Non grass E 
Sidagori Sida rhombifolia L. Malvaceae Herb Non grass E 
Kapasan Thespesia lanpas (Cav.) Delz. & Gibs. Malvaceae Shrub Non grass NE 
Pulutan Triumfetta bartramia L. Malvaceae Herb Non grass E 
Pilang Acacia leucophloea Willd. Mimosaceae Seedling  Non grass E 
Akasia berduri Acacia nilotica (L.). ex. Willd. Del. Mimosaceae Seedling Non grass E 
Petai cina Leucaena leucocephala (Lmk) De. Wit Mimosaceae Seedling Non grass E 
Putri malu (a) Mimosa invisa Mart. Ex. Colla Mimosaceae Herb Non grass E 
Putri malu (a) Mimosa pudica L. Mimosaceae Herb Non grass E 
Rumpu pait Axonopus compressus (Swartz) Beauv. Poaceae Herb Grass  E 
Bayapan Brachiaria reptans (L.) Gardn. & Hubb. Poacaeae Herb Grass  E 
Rumput kawat Cynodon dactylon (L.) Pers. Poaceae Herb Grass  E 
Tuton Dactyloctenium aegyptium (L.) Richt. Poaceae Herb Grass  E 
Lamuran putih Dichantium aristatum (Poir.) C.E. Hubb. Poaceae Herb Grass  E 
Lamuran merah Dichantium coricosum (L.) A. Camus Poaceae Herb Grass  E 
Rumput jarum Digitaria remota Henr.  Poaceae Herb Grass  E 
Gegajahan Echinocloa colonum (L.) Link. Poaceae Herb Grass  E 
Belulang Eleusine indica (L.) Gaertn. Poaceae Herb Grass  E 
Emprit-empritan Eragrotis tenella (L.) Beauv. Ex. R & S. Poaceae Herb Grass  E 
Alang-alang Imperata cylindrical L. Poaceae Herb Grass  E 
Rumput gunung Oplismenus burmanii (Retz.) Beauv. Poaceae Herb Grass  E 
Jajagoan Panicum repens L. Poaceae Herb Grass  E 
Lamuran kecil Polytrias amaura (Buese) O.K. Poaceae Herb Grass  E 
Merakan Themeda arguens (L.) Hack. Poaceae Herb Grass  E 
Kacangan (d) Polygonum javanicum De. Br.  Polyginaceae Herb Non grass E 
Widoro bekol Zyzipus rotundifolia Lamk. Rhamaceae Seedling  Non grass E 
Mericaan Hedyotis corymbosa (L.) Lamk. Rubiaceae Herb Non grass E 
Buah perahu Salvia riparia H.B.K. Salvadoraceae Herb Non grass E 
Rimbang Solanum torvum Swartzz Solanaceae Shrub Non grass NE 
Ceplukan Physalis angulata L. Solanaceae Herb Non grass E 
Temblek ayam Lantana camara L. Verbenaceae Shrub Non grass NE 
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The species found in Bekol savanna were categorized 
into eaten and not eaten species, They were 54 consumable 
species ( (83.33%) and 9 non comsumable species 
(16.67%) (Table 2). It needed less concern onto number of 
eaten species, but more concern on to the most preferable 
species (21,67%). According to Speeding (1971), pure 
savanna contains more than 20% grass species of the total 
species. Therefore, the findings indicated that the savanna 
is categorized into pure one. Sabarno (2002) and Djufri 
(2013) stated that several factors affecting the quality of 
savannas of BNP; namely the invasion of A. nilotica, the 
intrusion of species of shrubs to the savanna, the influence 
of animal footprints on the ground and grass, and 
overgrazing. In addition, Utomo (1997) reported that 
productivity of the savanna is about 13.700 gr/ha/day. The 
daily need of deers, one of wild herbivores in the area, was 
10 % of its total body weight (5.5 kg/day/individual in 
average). The support capacity of Bekol savanna with the 
large area of about 75 ha was for about 114 adults. Since 
there was about 192 deers found in Bekol savanna, so the 
savanna gave no optimum grazing area for those animals 
and other herbivores.  

Important Value, Index of Diversity, and Index of 
Evenness  

Table 2 showed there were three species with high 
important values (> 28,38) consisting of B. reptans (42.58 
%), T. lanpas (25.88 %), and O. burmanii (34.61 %), 3 
species with moderate values (> 14.19-28.38) namely D. 
coricosum (25.88 %), S. nudiflora (25.50 %), and A. 
compressus (16.47 %), and 47 species with low values (< 
14.19 %). High important value species were more 
adaptive and tolerant than others against stands of A. 
nilotica, extreme climate, and competition. The species 
have dominated the area of savanna Bekol, Kramat, and 
Balanan of Baluran National Park. 

Ecologically, species with high and moderate values 
were exclusive species. This relied on quantitative values; 
frequency, density, and dominance. Those species were 
ecological indicator for community of A. nilotica stands 
according to topography, habitat, micro environment, and 
other species with low values (< 14,19%). It commonly 
occurred in vegetation reaching to optimal development. 
The composition of longterm invaded community showed 
gradual decrease on physiognomy, phenology, and 
generation rates. This created insignificant dynamics of 
floristic, so replacement and regeneration of species were 
invisible. Therefore, the dominant species were not found 
in the park.     

The values of open area of the savanna were higher 
than that of invaded areas. Index of diversity ranged from 
moderate (2.7556) SBK0) to low 1.3472 (SBL0) whereas 
in the shaded area of Savana also ranged from moderate 
2.4315 (SBK1) to low 1.1504 (SBK2). The density of A. 
nilotica affected the values of H’ (The H’ values of station 
of SBK2, SKR2, and SBL2 < SBK1, SKR1,and SBL1 < 
SBK0, SKR0, and SBL0). The species under the stands 
lived restrictively prior to limitation of number of tolerant 

and adaptive species. It might be caused by limited light 
intensity or allelochemicals, and competition between A. 
nilotica with other species.  

Theoretically, regular and periodical interferences can 
maintain high diversity of species. In stable community, the 
species spreading regionally and homogenously indicates 
lower density of species than the one creating mosaic 
structure forest or disturbed forest. The interference can be 
fire, wind, competition, diseases, and human intervention. 
However, there will be increases in number of species until 
reaching the point which is dominated by the survival 
plants and big size species. The open areas of the savannas 
have been interfered by some activities such fire, bulldozer 
tracking, and herbicides treatment, and overgrazing. Thus, 
the dynamics and the species replacement in the open areas 
varied considerably. Therefore, the value of H’ was higher 
in the open areas. Sutomo et al. (2016) reported that the 
open areas were burned few months or a year before. It is 
assumed that the banteng grazed A. nilotica pods and 
dispersed the seeds to many areas including the burnt areas. 
The heat triggered seeds growth and maturity, and later on 
the plants dominated the unburnt area. In terms of species 
diversity, these sites had low species diversity (around 0.8) 
measured by Shannon and Wiener and Simpson Index.   

Index of Evenness of species (e) ranged 1.1067-1.7854 
(relative homogeneity) (Table 3). It was noticed that the 
differences among the stations were insignificant. Index of 
diversity is different from Index of Evenness as well as 
species wealth and species diversity. Barbour et al. (1999) 
stated that in heterogeneous area, there will be positive 
correlation between species wealth and diversity leading to 
the decline in species wealth and increase in diversity of 
species, and number of individual varies in each station. 
The evenness of species was maximal and homogenous 
when all species was similar in number in each sample 
area. However, it rarely occurs in nature because each 
species has different adaptation ability, tolerance level, and 
history of live against certain habitat. Moreover, it is also 
due to the complexity and the variation of environmental 
condition. Macro environment may be homogenous, but 
micro habitat may possess with heterogeneous microsites. 
Similar microsites were occupied by similar species that 
naturally affected distribution pattern (Djufri 2003). It was 
relevant to the findings that the evenness of species was 
relative homogenous in all stations. This indicated that 
there was similar environmental conditions of all areas.  

In conclusion, the number of species found in savanna 
of Baluran National Park East Java was 63 species 
belonging to 18 families. The dominant species with the 
highest important values were Brachiaria reptans, 
Thespesia lanpas, and Oplismenus burmanii, and the 
species with moderate values were Dichanthium 
coricosum, Synedrella nodiflora, and Axonopus 
compressus. The index of species diversity (H’) of open 
area was higher (1.3472-2.7556) than that of shaded one 
(1.1504-2.413). There was a decrease in caring capacity of 
Baluran National Park to the banteng due to the invasion of 
A. nilotica. 
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Table 2. Mean of Important Value(IV), Index of Species Diversity (H’), and Index of Evenness of Species (e) at whole stations in 
savanna of Bekol, Kramat, and Balanan 

Species 
Stations

Total 
Mean of 

Importance 
Value 

CategoryDistrbution
TypesSBK0 SBK1 SBK2 SKR0 SKR1 SKR2 SBL0 SBL1 SBL2

 Brachiaria reptans 35.60 43.35 88.00 40.35 84.25 91.71 - - - 383.26 42.58 High Definite
 Oplismenus burmanii 1.34 32.75 49.76 30.60 5.30 58.96 22.07 40.20 70.53 311.51 34.61 High Broad
 Thesphesia lanpas 16.37 46.35 64.53 32.65 48.70 64.33 10.00 5.20 7.76 295.89 32.88 High Broad
 Dichantium coricosum 30.53 47.65 39.30 26.60 22.93 34.30 17.20 11.62 2.76 232.89 25.88 Moderate Broad
 Synedrella nodiflora 2.76 5.47 2.60 20.16 4.82 18.44 11.05 82.75 81.47 229.52 25.50 Moderate Broad
 Axonopus compressus 1.33 4.76 - - - - 22.21 59.96 59.96 148.22 16.47 Moderate Definite
 Dactyloctenium aegyptium 14.13 14.22 1.24 19.67 16.55 5.20 21.72 5.59 7.34 105.66 11.74 Low Broad
 Achyrantes aspera 10.12 11.87 11.65 15.15 16.22 2.50 8.77 12.83 13.86 102.97 11.44 Low Broad
 Polytrias amaura  23.94 23.19 - 24.12 22.44 - - - - 93.69 10.41 Low Definite
 Vernonia cinerea 12.31 2.87 - 11.45 - - 42.40 7.84 - 76.87 8.54 Low Definite
 Stachytarpeta indica 5.12 7.53 7.40 6.72 8.51 3.21 9.40 13.21 3.34 64.44 7.16 Low Broad
 Acalypa indica - 3.57 - - - - 5.45 20.94 33.30 63.26 7.03 Low Definite
 Bidens pilosa 1.35 4.98 7.20 - - - 31.46 10.01 - 55.00 6.11 Low Definite
 Ageratum conyzoides 1.46 3.69 3.00 - - - 6.78 14.43 19.89 49.25 5.47 Low Definite
 Sida rhombifolia 1.50 11.08 9.56 10.76 - 12.56 - - - 45.46 5.05 Low Definite
 Lantana camara 1.59 - - - - - 34.70 - - 36.29 4.03 Low Definite
 Indigofera sumatrana 2.04 5.80 10.76 3.32 7.71 - - - - 29.63 3.29 Low Definite
 Ocimum basilicum 10.84 5.46 5.00 1.05 - - 3.32 - - 25.67 2.85 Low Definite
 Crotalaria setriata 7.25 5.76 - 2.46 6.34 - - - - 21.81 2.42 Low Definite
 Eupatorium odoratum - - - - - - 20.55 - - 20.55 2.28 Low Definite
 Moghania macrophylla 9.54 7.43 - 3.40 - - - - - 20.37 2.26 Low Definite
 Acacia nilotica 2.18 3.78 - 3.32 - - 1.27 9.21 - 19.76 2.20 Low Definite
 Euphorbia hirta 3.31 3.49 - - - - 5.37 6.21 - 18.38 2.04 Low Definite
 Themeda arguens 3.67 - - - - - 13.50 - - 17.17 1.91 Low Broad
 Phyllantus niruri 1.82 - - 6.46 - 8.76 - - - 17.04 1.89 Low Definite
 Centela asiatica 15.98 - - 3.32 - - - - - 15.98 1.78 Low Definite
 Desmodium heterophylla 5.36 - - 7.95 - - - - - 13.31 1.48 Low Definite
 Crotalaria anagyroides 9.23 - - - - - - - - 9.23 1.03 Low Definite
 Zyzipus rotundifolia 2.22 - - 7.04 - - - - - 9.26 1.03 Low Definite
 Malvaviscus arboreus - - - - - - 7.10 - - 7.10 0.79 Low Definite
 Acacia leprosula 1.68 2.95 - 1.08 - - 1.27 - - 6.98 0.78 Low Definite
 Mimosa pudica 2.07 - - 13.10 - - 4.41 - - 6.48 0.72 Low Definite
 Cleome rutidosperma 1.49 - - 4.73 - - - - - 6.22 0.69 Low Definite
 Triumfetta bartramia 6.12 - - - - - - - - 6.12 0.68 Low Definite
 Leucaena leucocepala 1.64 - - 3.24 - - - - - 4.88 0.54 Low Definite
 Desmodium triflorum 4.34 - - - - - - - - 4.34 0.48 Low Definite
 Eupatorium prostrata 4.21 - - - - - - - - 4.21 0.47 Low Broad
 Panicum repens 4.03 - - - - - - - - 4.03 0.45 Low Broad
 Calotropis gigantean 0.98 - - 2.30 - - - - - 3.28 0.36 Low Definite
 Dichantium aristatum 2.98 - - - - - - - - 2.98 0.33 Low Definite
 Hedyotis corymbosa 2.87 - - - - - - - - 2.87 0.32 Low Definite
 Clidemia hirta 2.67 - - - - - - - - 2.67 0.30 Low Definite
 Digitaria ciliaris 2.60 - - - - - - - - 2.60 0.29 Low Definite
 Eragrostis tenella 2.29 - - - - - - - - 2.29 0.25 Low Definite
 Mimosa invisa 2.10 - - - - - - - - 2.10 0.23 Low Definite
 Clitoria ternatea 1.84 - - - - - - - - 1.84 0.20 Low Definite
 Phyllantus urinaria 1.76 - - - - - - - - 1.76 0.20 Low Definite
 Leucas lavandulaefolia  1.34 - - - - - - - - 1.34 0.19 Low Definite
 Solanum torvum 1.52 - - - - - - - - 1.52 0.17 Low Definite
 Physalis angulata 1.47 - - - - - - - - 1.47 0.16 Low Definite
 Cynodon dactylon 1.47 - - - - - - - - 1.47 0.16 Low Definite
 Eleusine indica 1.46 - - - - - - - - 1.46 0.16 Low Definite
 Emilia sonchifolia 1.44 - - - - - - - - 1.44 0.16 Low Definite
 Cayanus cayan 1.44 - - - - - - - - 1.44 0.16 Low Definite
 Casia siamea 1.37 - - - - - - - - 1.37 0.15 Low Definite
 Salvia riparia 1.37 - - - - - - - - 1.37 0.15 Low Definite
 Polygonum javanicum 1.35 - - - - - - - - 1.35 0.15 Low Definite
 Cyperus pygmaeus 1.33 - - - - - - - - 1.33 0.15 Low Definite
 Cyperus rotundus 1.32 - - - - - - - - 1.32 0.15 Low Definite
 Imperata cylindrical 1.31 - - - - - - - - 1.31 0.15 Low Definite
 Crassocepalum crepidiodes 1.30 - - - - - - - - 1.30 0.14 Low Definite
 Azadirachta indica 0.97 - - - - - - - - 0.97 0.11 Low Definite
 Echinocloa colonum 0.98 - - - - - - - - 0.98 0.10 Low Definite
Important Value (IV) 300 300 300 300 300 300 300 300 300 2700 300 - -
Index of Species Diversity (H’) 2.756 2.342 1.150 2.532 1.267 1.151 1.347 1.208 1.150 - - - -
Index of Species Evenness (e) 1.785 1.733 1.095 1.548 1.121 1.087 1.137 1.107 1.095 - - - -
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Note: SBK0 = Savana of Bekol without A. nilotica stands, SBK1 = Savanna Bekol with the density of A. nilotica 1500-3000 trees/ha, 
and SBK2 = Savana Bekol with the density of A. nilotica > 3000 trees/ha. SKR0 = Savanna Kramat without A. nilotica stands, SKR1 = 
Savana Kramat with the density of A. nilotica 1500-3000 trees/ha, and SKR2 = Savana Kramat with the density of A. nilotica > 3000 
trees/ha . SBL0 = Savana Balanan without A. nilotica stands , SBL1 = Savana Balanan with the density of A. nilotica 1500-3000 
trees/ha, and SBL2 = Savana Balanan with the density of A. nilotica > 3000 trees/ha. Categories: Important Value: High ( > 28,38), 
Moderate (14.19-28.38), and Low (< 14.19). Broad Distribution if the species can be found at any station. Index of Species Diversity by 
Shonnon-Wiever (H’): Categories: High ( H’ > 3), Moderate (H’ 2-3, and Low (H’ < 2). e = Index of Species Evenness 
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Abstract. Iskandar J, Iskandar BS, Partasasmita R. 2017. Introduction of Paraserianthes falcataria in the traditional agroforestry 
‘huma’ in Karangwangi Village, Cianjur, West Java, Indonesia. Biodiversitas 18:  295-303. This paper discusses the result of study on 
introduction of ‘jengjen’ (Sundanese name) (Paraserianthes falcataria (L.) Nielsen in development of traditional agroforestry, ‘huma’ 
in Village of Karangwangi, Sub-district of Cidaun, District of Cianjur, Province of West Java, Indonesia. Method used in this study was 
qualitative with ethnoecological and biological approach. Observation and deep interview with informants were used to collect data. The 
result of study shows that although the population of Karangwangi Village has increased, the forest decreased, and intensively 
penetrated market economy, the huma system has continually practiced by village people. Unlike in the past, nowadays, the huma has 
been practiced in the non-forest instead of the forest. The huma system has been modified by people to be more permanent of traditional 
agroforestry system, such as bamboo garden (kebon awi), mixed of wood trees (kebon kai), and mixed fruit and wood trees (talun). In 
addition, due to more intensive in cultivation of agricultural land, Karangwangi people have adopted and cultivated jengjen plant in the 
huma farming system that had initially introduced by the Forestry Office (Dinas Kehutanan) through the regreening program. Moreover, 
the jengjen plant has been adopted and cultivated by the village people, such as integrated in the development of traditional agroforestry 
huma. It is caused this plant has provided some benefits, such as to improve soil fertility and to provide economic benefits, and does not 
eliminate the swidden farming (huma) system tradition of the people.  

Keywords:  Ethnoecology, introduction, jeungjing, Karangwangi, traditional agroforestry  

INTRODUCTION 

On the basis of ecological or environmental story, until 
the earlier nineteenth century most rural people of West 
Java and Banten had main livelihood as swidden 
cultivation (Kools 1935; Haan 1912; Terra 1953; Terra 
1959; Iskandar 1998; Iskandar and Iskandar 2011; Iskandar 
et al. 2016). It is caused at that time, the forest areas had 
been found still extensive and low population. Nowadays, 
however, due to intense demographic pressure, rapid socio-
economic and land use change, swidden cultivation 
(‘huma’ in Sundanese) remains only in South Cianjur, 
South Sukabumi and South Banten (Iskandar 1998; Kosuke 
et al, 2013; Iskandar et al. 2016; Iskandar and Iskandar 
2016a). In south Sukabumi it is mainly practiced by the 
Kasepuhan community, while in south Banten it is 
practiced by the Baduy who reside in village of Kanekes, 
Lebak district, South Banten (Iskandar 1989). In addition, 
the swidden cultivation has been practiced by rural people 
of Karangwangi Village, South Sukabumi and modified 
into several traditional agroforestry systems, including 
kebon awi (bamboo garden), kebon kai (mixed perennial 
woods), and talun (mixed perennial fruits) (Iskandar and 
Iskandar 2016a; Iskandar et al. 2016).  

Generally, as population increase and intensive 
penetration of market economy into Karangwangi Village, 
progressively more intensive system systems of land use 

are adopted, combined with consequential change in 
method of cultivation and choice of tools, in order to offset 
any tendency for food output per capita to decline, due to 
diminishing returns (Boserup 1965). As a result, the 
swidden cultivation system has developed. For example, in 
response to further development growth and increase in the 
agricultural labor supply, bush fallow is successively 
followed by short fallow with fallow period of 1-2 years 
only, and even developed into more permanent traditional 
agroforestry systems of kebon awi, kebun kai, and talun. 
Moreover, the commercial trees of sengon or jengjen 
(Paraserianthes falcataria (L.) Nielsen) has been 
introduced by many people of Karangwangi Village. 
Because it is fast growing, nitrogen-fixing, easily 
cultivated, and yielding a cash income (Soerianegara and 
Lemmens 1994; Iskandar and Ellen 2000; Kosuke et al. 
2013; Iskandar and Iskandar 2016a). Therefore, by 
introducing new crops, most obviously jengjen, 
Karangwangi people have been able to practice traditional 
agroforestry huma, despite population growth and the loss 
of forest around them. This paper discusses the result of 
study on introduction of jengjen in development of 
traditional agroforestry, huma in Village of Karangwangi, 
Sub-district of Cidaun, District of Cianjur, Province of 
West Java, Indonesia based on ethnoecological approach.  

Ethnoecology as mentioned by Fowler (2000), as an 
approach to human ecology, was first proposed in mid-
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1950s and early 1960s in a series of through-simulating 
papers by Conklin (1954, 1957) and Frake (1962). 
Moreover, the ethnoecology has been developed as study 
of how people interact with all aspects of the natural 
environment, including plants and animals, land forms, 
forest types, soil at cetera (Martin 1995; Ahimsa Putra 
1997; Fowler 2000). Recently, various studies on 
ethnoecology have been intensively integrated into study 
on the Traditional Ecological Knowledge (TEK) due to the 
technical result of these studies can be used to support 
various development programs, including agriculture, 
forestry, traditional medicines, and conservation (Warren et 
al. 1995). 

MATERIALS AND METHODS  

Study area 
Study was undertaken in Village of Karangwangi, Sub-

district of Cidaun, District of Cianjur, West Java Province, 
Indonesia. On the basis of geography this area is located at 
approximately latitude7o25’-7o30’ S and longitude 
107°25’-107°30’ E (Figure 1). Village of Karangwangi 
area comprised 2,300.17 ha, the elevation ranges between 
200 and 275 m above sea level. The location of 
Karangwangi 120 km from the city of Bandung, the capital 
city of West Java Province, Indonesia, and approximately 
70 km from the town of Cianjur, with a travel time of 5-6 
hours from the city of Bandung and approximately 3-4 
hours from the town of Cianjur. Until the middle 1985s, to 
reach this area was not easy due to bad village road. 
However, since 1985 the village road was upgraded and in 
2014 was asphalted, as a result, it has provided much easier 
access for vehicles to the isolated Karangwangi.  

There are six basic land use types in Karangwangi 
Village area:  pekarangan (homegarden), ladang/huma 
(swidden field), tegalan (dry land), kebun bambu/kebon 
awi (bamboo garden), kebun campuran tanaman kayu/ 
kebon kai (wood garden), and sawah (rice field). The 
Karangwangi area is directly bordered by nature reserve of 
Bojonglarang that has total approximately 700 ha (Table 
1). Demographically, in 2013 total population of 
Karangwangi was recorded 5,587 people and increased by 
5,672 people in 2014. In general the total population of 
Karangwangi has increased over time, however, sometimes 
it has decreased due to many people went to Middle East as 
female (TKW=Tenaga Kerja Wanita; Indonesian Women 
Labor) and the male laborers. For example, 181 people 
consist of 14 males and 167 females were recorded in 2014 
as laborers (TKI=Tenaga Kerja Indonesia) in the Middle 
East countries (Karangwangi Village 2014).In terms of 
village economic development, the market economic 
system has rapidly increased. For example, in 2012 it was 
recorded 97 shops and increased to 103 shops in 2014, 
while in 2015 was totally recoded 200 shops 
(warung/toko). Therefore, the total population has 
increased over time and market economic system 
developed in Karangwangi Village. 

The main livelihood of Karangwangi people recorded 
as farmer and labor farmer. The sawah, huma, kebun and 
kebun campuran farming are the main source Karangwangi 
subsistence. However, some people of Karangwangi are 
also involved in various off-farm jobs, such as carpenter, 
laborers, and village traders. Today, although the main 
cultivation of people is emphasized on sawah, the huma is 
farmed by ninety present of the Karangwangi Village 
people that practiced in-non forests.   

 
 
 
 
 
 

 
 
Figure 1. Research location, Karangwangi Village, Cidaun sub-district, Cianjur district, West Java province, Indonesia 
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Table 1. The land use system of Karangwangi Village, Cidaun district, West Java, Indonesia (Karangwangi Village Statistic 2015)  
 

Land use systems Acreage (ha) Percentage of the sub-total 
of village area (%) 

Homegarden (Pekarangan) 1.8 0.12 
Swidden field (Ladang/Huma) 450.0 30.5 
Mixed perennial garden (Kebun campuran kayu-kayuan/kebon kai) 5.0 0.3 
Dry land (Tegalan) 47.0 3.2 
Plantation (Perkebunan, such as Sawit) 5.0 0.3 
Rice field (Sawah) 
- Irrigated rice field (Sawah irigasi) 
- Rainfed rice field (Sawah tadah hujan/non-irigasi) 

 
195.0 
772.0 

 
13.2 
52.3 

   

Sub-total of village area 1475.8 100.0 
Forest of Nature reserve (Hutan Cagar Alam Bojong Larang-Jayanti) 700.0 32.9 
Total of village area and forest area 2123.8 100.0 

 
 
 
 
Procedure 

The method used in this study is a qualitative, which is 
based on study ethnoecological and ethnobiological 
approach (Martin 1995; Alexiades and Sheldon 1996; 
Newing et al, 2011; Albuquerque et al. 2014). On the basis 
of ethnoecology, researchers were focused on dimensions 
of mining and local knowledge of people on environment. 
The researchers sough perception of village people of 
Karangwangi on their environment in this research in the 
context of people activities on introduction of jengjen in 
the huma farming system (Johnson 1974; Milton 1996; 
Ahimsa-Putra 1997). Some techniques of collecting data 
were applied, namely observation and deep interview 
(Martin 1995; Newing et al. 2011; Iskandar 2012; 
Albuquerque et al. 2014). Additionally, we observed 
structure vegetation of huma, kebun kai, talun, and jengjen 
farming. Meanwhile, in-depth interview with informants 
purposively selected via snowball sampling, with attention 
to a diversity of informants was undertaken. Informants 
include village leader (kepala desa/kades) and his staff, 
informal leaders, old farmers, labor famers, carpenters, and 
construction labors.  

Data analysis 
The data were analyzed by means of cross checking, 

summarizing, synthesizing of various data obtained from 
observations and interviews, and narrated by descriptive 
analysis (Newing et al. 2011). 

RESULTS AND DISCUSSION 

Development of huma 
In the past the people of Karangwangi Village of South 

Cianjur were predominantly practiced the swidden 
cultivation due to still low population and forest area was 
plentiful (Iskandar et al. 2016). Initially, the management 
of swidden cultivation was culturally based on the 
Traditional Ecological Knowledge (TEK) and cosmos or 
belief (Toledo 2002). As a result, various stages in the 
swidden cycles, such as cutting underbrush, planting rice 
and harvesting rice were culturally performed by traditional 

rituals, to respect to the rice goddess, Nyi Pohaci (in 
Japanese Dewi Sri) and to ensure successful farming (cf. 
Iskandar 1998; Iskandar and Iskandar 206c). In addition, in 
managing of the swidden system, it was strongly based on 
the TEK. For example, the Karangwangi traditionally used 
the star constellation and flowering and fruiting times of 
certain perennial plants to determine main time of swidden 
faming activities (Table 2). 

There were seven main stages in the Karangwangi 
swidden cycle:  site selection, land preparation, planting 
rice, weeding and managing pests, harvesting rice, storing 
rice, and fallowing land. To practice swidden farming, a 
piece of land between 0.5 and 1 ha was cleared completely 
of vegetation in dry season. In the beginning of dry season, 
the swidden field was planted by rice and other annual 
crops. Two main local rice verities were predominantly 
cropped pare sintung (red hulled rice) and pare jampang 
(white hulled rice). Meanwhile, various non-rice were 
predominantly cropped namely suuk/kacang tanah 
(Arachis hypogaea L), sampeu/singkong (Manihot 
esculenta Cratz), wijen (Sesamum indicum L), trurubus 
(Saccharum edule Hassk), hanjeli (Coix lacryma-jobi L), 
jagong/jagung (Zea mays L), bonteng/mentimun 
(Cucumissativus L), kacang panjang (Vigna sinensis L), 
hiris (Cajanus cajan Huth), kacang kedele (Glycine max 
(L) Merill), kacang hejo (Phaseolus radiatus L), 
waluh/labu (Cucurbita moschata Duchesne), roay 
(Dolichos lablab L), cikur (Kaempferia galanga L), and 
jahe (Zingiber officinale Roscoe).  

About five months after sowing, rice mature and was 
ready to be harvested. Reaping was undertaken using a 
finger knife which consists of a thin iron blade, set into a 
small piece of bamboo, which is sometimes carves. About 
four fistfuls are tied together with bamboo, to form a 
sapocong. Moreover, the rice bundles were carried to 
settlements. Unlike the harvesting rice, harvesting other 
cultigens was undertaken at different times. For example, 
kacang panjang, mentimun, kacang tanah, and wijen were 
harvested about one month, one month and ten days, 3 
months and ten days, and 4 months after planting, 
respectively.  
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Table 2. Traditional ecological knowledge of Karangwangi people on climate changes used as indicator to cultivate the 
huma system 
 
Informant perception (emic view) It can be translated as:  
 

Indicators of climate changes from dry to wet season  

 

• Bentang kidang katingali di ufuk timur/wetan waktu 
fajar, tanda halodo waktuna pikeun nyacar leuweung 

• When kidang (the belt of Orion) appears on the horizon 
just before down, indicated as the dry season and 
appropriate time for cutting shrubs in the forest for 
beginning of huma cultivation.  

• Bentang kidang katingali manceran,hampir ngagilek 
ka kulon, tanda ngamimitian hujan, ngaseuk di huma. 

• When kidang (the belt of Orion) appears overhead or 
sideways to the west, beginning the wet season and 
appropriate time to plant rice in huma. 

• Tangkal randu buahna garing bareulah kaluar kapuk 
bade hujan. 

• When fruits of randu (Ceiba petandra (L.) are mature 
and kapok out of the fruits, indicated it begins the rainy 
season. 

• Tangkal beuris karembangan, baruahan, jeung buahna 
pada ragragan, tanda usum hujan 

• Beuris (Aporosa prutescens Bl.) plants are planting and 
fruiting, and fruits fall down, indicated the wet season. 

• Tangkal dangdeur buahna maruka saperti buah 
kapuk,tanda musim hujan. 

• Dangdeur (Pseudobombax septenatum (Jacq.) Dugand) 
plants are mature similar to that of kapok, indicated the 
wet season. 

• Boborosan sarirungan tanda musim hujan • Various shoot of banana and Nicolaia spp. begin sprout, 
indicated the wet season.  

Indicator of climate change from the dry to wet season   

• Tangkal randu dauna ngarangrangan, tanda usum 
halodo 

• When leafs randu tree (Ceiba petandra (L.) Gaertn have 
been dry and fell dawn, indicated the dry season.  

• Pohon beurih dauna ngarangrang, tanda usum halodo. • When leafs of beuris tree (Aporosa frutescens Bl) have 
been dry, indicated the dry season. 

• Pohon dangdeur ngarangrangan tanda musim halodo  • When leafs of dangdeur (Pseudobombax septenatum 
(Jacq.) Dugand) have been dry, indicated the dry season. 

 
 
 
 

After harvesting rice and other annual crops, the land 
was fallowed and transformed into secondary forest 
(reuma). People will shift to another piece of mature reuma 
for planting and follow the same procedure:  cutting and 
pruning, burning, weeding, harvesting and fallowing. 
Finally, after harvesting rice, the swidden field is fallowed 
for several years and can be re-cultivated. 

However, due to population increase, forest decrease, 
and government policy to prohibit to practice swidden in 
the forest, the fallowed lands have been converted to 
annual garden (kebon), bamboo garden (kebon bambu), 
mixed-wood garden (kebon kai), mixed-fruits and wood 
(talun), rice fields (sawah), and a hamlet (lembur or 
kampung) and home garden system (Iskandar et al. 2016; 
Iskandar and Iskandar 2016a).  

Recently, the land right status of huma and reuma have 
also been changed from traditional common land tenure or 

lahan garapan (Soepomo 1982) to individual land right 
(hak milik) by obtaining land certificate (sertifikat tanah). 
For example, on the fallow land of 710 ha in Karangwangi 
Village, 360 ha have been certified through the village 
program was undertaken in 2013. On the basis this 
program, some people have successfully obtained land 
certificate. For instance, based on information of five 
informants, revealed that they obtained land certificate 
through the village program, namely Pak Wahyu (80 are or 
8,000 m2), Pak Uyun (2,500 m2), Pak Agus (1 ha), Pak 
Rosman (5,500 m2), and Pak Itang (1 ha dan 1.500 m2). 
Meanwhile, the rest of non-certificate lands have been 
called by local village people as ‘the grazing land’ (taneuh 
pangangonan). Since it used to grazing land of buffalo in 
the past (Iskandar et al. 2016). 

Both the certificate and non-certificate land have been 
cultivated for swidden (huma) and other agroecosystem 
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types, kebon awi, kebon kai, talun and pekarangan. These 
agroecosystems have been predominantly planted with 
mixed perennial crops and can be categorized as the 
traditional agroforestry system (Soemarwoto and 
Soemarwoto 1984). These traditional agroforestry systems 
have structure vegetation similar to that of forest and own 
various ecological functions, such as soil erosion 
protection, hydrology, micro-climate effects, oxygen 
production, wild animal habitat, carbon stock, genetic 
conservation, and socio-economic functions for village 
people (Soemarwoto and Soemarwoto 1984; Aryal and 
Chaudhury 2015; Colfer et al. 2015; Raintree and Warner 
2015; Iskandar and Iskandar 2016b). 

Recently, the swidden system (huma) of Karangwangi 
has dramatically changed. For example, unlike Baduy 
community (Iskandar and Iskandar 2016c), the traditional 
agricultural calendar that is based on the star constellation 
and flowering and fruiting times of certain perennial plants 
has rarely applied. The planting time is mainly determined 
by the rain season time. Meanwhile, various local rice 
varieties have not been cultivated any longer due to replace 
by modern new rice verities that have fast harvesting 
between 3 and 4 months, and intensively provided by 
chemical fertilizers. In addition, the jengjen trees have been 
introduced and predominantly planted in the huma and 
other traditional agroforestry systems.  

Introduction of jengjen 
On the basis of ecological history, jengjen 

(Paraserianthes falcataria (L.) Nielsen) and jabon 
(Anthocephalus sp.) have been firstly introduced in 
Karangwangi Village by the Forestry Office in 2000s by 
proving free seeds (Rohidin A 2015, pers. com.). Main 
objective of the introduction of these plants was to 
replanting the dry land area through the regreening 
program (program penghijauan). In the development of 
these plants, it has been well accepted by local people of 
Karangwangi, especially jengjen. Because jengjen has 
rapidly growth compares to that of jabon and provided 
economic benefit. According to local people of 
Karangwangi, this species can be divided into two 
variations, namely ‘jengjen beureum’ (jengjen merah-red 
jengjen) and ‘jengjen bodas’ (jengjen putih-white jengjen). 
The jengjen beureum has main characteristics, such as bark 
(daging kayu) has red color, while jengjen bodas has white 
color bark. In addition, wood fiber of jengjen beureum is 
considered to be strong compare to that of jengjen bodas. 
Scientifically, jengjen has been recognized as 
Paraserianthes falcataria (L.) Nielsen, family Fabacae, 
sub-family Mimosaideae. In addition, various scientific 
names:  Falcataria moluccana (Miq.) Barneby & J.W 
Grimes are synonymously given to this species 
(Soerianegara and Lemmens 1993). Originally jengjen had 
grown in natural habitat in surrounding area of Maluku 
islands. In 1871, jengjen has been brought to Botanical 
Garden of Bogor, West Java. Moreover, this plant has 
widely spread to many areas of Indonesia, such as Java, 
South Sulawesi, Maluku (Islands of Taliabu, Mangolle, 
Sasan, Obi, Bacan, Halmahera, Seram and Buru) and Papua 

(Sorong, Manokwari, Kebar, Biak, Serui, Nabire, and 
Wamena) (Martawijaya et al. 1989).  

Cultural practices in the planting jengjen 
Jengjen trees have been traditionally farmed by local 

people of Karangwangi Village in various agroecosystem 
types, such as huma, tegal, kebon and kebon kai that is 
strongly embed by Traditional Ecological Knowledge and 
hybridized with Western scientific knowledge (Iskandar 
and Ellen 2007). Traditionally, there are five stages:  
making nursery, planting, maintaining, harvesting, and 
utilizing in the jengjen farming system that are commonly 
practiced by Karangwangi Village. 

Making nursery 
Initially, the nursery of jengjen has predominantly 

carried out by local people of Karangwangi Village without 
buying seeds from seed sellers. Before sowing seeds 
(ngipuk), various materials including seeds of jengjen, soil, 
fertilizer, and growing media in the polybag form are 
prepared. The jengjen seeds are obtained by collecting it 
from fallowed land covered in mature jengjen trees 
between 7 and 15 year old. Jengjen seed preparation has 
been undertaken in several stages. Firstly, seeds are soaked 
in hot water until water has been cooled. Secondly, seeds 
are wrapped by cloth and allowed to stand two days until 
the seeds germinate. Thirdly, jengjen sprouts are placed in 
the polybag that has been filled with soil as a medium 
plant. Fourthly, seedlings are watered and fertilized of NPK 
and left a few months. Afterward, the seedlings that have a 
height about 50 cm are transplanted to the swiddens.  

Because the demand of jengjen seeds have increased, 
many people of Karangwangi in addition to setting up their 
own seed also bought ready seeds from shops of Cidaun 
and Rancabuaya as well as bought seeds from seed sellers 
who regularly visit village in the beginning of rainy season. 
The price of jengjen seedlings in the beginning of 
introduction in 200s were purchased at 150 rupiahs per 
tree. But as recently as 2015, seedlings were purchased at 
1,000 rupiah per tree from both seedling peddlers and shop 
supplier in district capital, Cidaun. 

Planting and maintaining 
Before the seedlings are planted, land preparation has 

been undertaken in November. There are several stages in 
land preparation. Firstly, underbrush grown in fallowed 
(reuma) land or dry land (tegalan) is cut by machete 
(parang). Secondly, the land that has been cleared is hoed 
and a hole dug of between 10 cm and 15 cm according to 
high seedling in the polybag. The thirdly, when the rainy 
season has begun, a seedling is placed in the hole and 
buried with soil as protection against termite damage. 
Planting distance between trees approximately 3 m x 3 m 
or 2 m x 3 m depending on land area to be planted. 
Traditionally, jengjen seedlings are planted in huma or 
tegalan by Karangwangi people together with various other 
crops, such as kacang tanah (Arachis hypogaea L), kapol or 
kapulaga (Amomum compactum Soland ex Maton), pisang 
(Musa paradisiaca L), jahe-jahean (Zingiberceae), mahoni 
(Swietenia macrophylla King) and jabon (Anthocephalus 
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sp.). The planting jengjen trees with other crops have 
provided ecological and socio-economic benefits, such as 
help improve soil fertility, avoid the risk of pest, and 
providing various product for subsistence and cash income 
(Reijntjes et al. 1992; Elias and Wisatara 2009; Iskandar 
and Ellen 2000; Sudomo and Hadayani 2013; Diniyati et al. 
2013; Kosuke et al. 2013; Aryal and Choudhury 2015). 

In addition, by planting jengjen mixed with other 
annual has benefit in term of less intensive care. This 
caused a farmer is caring for annual crops, such as weeding 
and fertilizing, indirectly the jengjen trees are also served. 
As a result, the jengjen trees are normally given fertilizer of 
NPK and animal dungs when these trees age after one year. 
The maintenance of jengjen trees are also undertaken by 
farmers, if there are tees die and replaced by new seedlings 
with have age more than one months. During fertilizing 
small branches and some leaves of jengjen are pruned, 
particularly if the tree has too many twigs. This technique 
is an important role due to all biomass so yielded is recycle 
as compost may help improve soil fertility (Iskandar and 
Ellen 2000). In addition, by pruning small branches and 
some lives of jengjen trees is important that plants get 
enough sunlight. As a result, the jengjen trees may grow 
tall, straight, and yield of good quality of wood. Positively, 
on the basis of the photosynthetic rate measurement, the 
jengjen plant can be categorized as a high rate, but it has a 
good adaptation with shade of other plant canopies 
(Christanty et al. 1978). Moreover, after more than one 
year, the swidden is usually covered by a close canopy of 
jengjen and is not given fertilizer anymore. But the 
weeding is only sometimes undertaken to avoid nutrient 
competition with terrestrial weeds. In addition, special pest 
control is minimally undertaken by Karangwangi people, 
particularly if the jengjen trees have been attacked by 
various pests, such as caterpillar (uter-uter) and kind of 
termite (sireum delu) (Krisnawati et al. 2011; Varis 2011; 
Pieter et al. 2013). Therefore, generally it can be seen that 
the introduction of jengjen in to the swidden farming 
providing some benefits because it does not require a lot of 
labor and costs.  

Harvesting and utilizing 
After more than four years the trunk of jengjen trees are 

large enough to be cut as timber for sale and home use, 
while the branches can be used for firewood and the leaves 
and twigs recycled as compost. The harvesting time, 
however, can be variably done depending on the need of 
farmers. For example, if the farmer needs money urgently 
or there is demanded by a timber merchant, harvest of 
jengjen trees can be accelerated between 3 and 5 years. 
Generally, it has been recognized as three systems of 
harvesting and selling jengjen tree in Karangwangi Village, 
namely selling of ‘whole sale’ (jual borongan), ‘in cubic of 
logging’ (jual palet), and ‘in timber processed’ (jual 
dijadikan bahan) system. The jual borongan system is that 
all jengjen trees of the garden are paid by a timber 
merchant before the trees are harvested by the owner. 
Generally a timber merchant come to jengjen owner before 
harvesting time and estimates the price of timber. If the two 
sides have agreed with the price, then timber is paid by a 

timber merchant. Therefore, when the timber harvest 
arrives, a timber merchant cut all jengjen trees and logs are 
carried by truck.   

The jual palet system is that the jengjen trees are sold to 
a timber merchant in form of the trees that have been cut 
with length between 130 and 160 cm. Unlike jual 
borongan, the price of timber has fixed price based on 
cubic meters of timber. Jengjen tree that has diameter of 
more than 25 cm was sold to a timber merchant for 
approximately 890,000 rupiah per cubic in 2015. 
Meanwhile, the tree that has diameter of less than 25 cm 
was sold for approximately 670,000 rupiah per cubic. 
According to informants, the selling timber with the jual 
palet system is considered as more transparency. However, 
the jengjen owner must hire logger services or is popularly 
called as jasa nyenso (initially from word ‘chainsaw’) to 
cut trees by chainsaw. Particularly, for the jengjen owner 
who does not have the chainsaw for harvesting trees. The 
logger was normally paid for approximately between 
35,000 and 50,000 rupiah per cubic in 2015. The jual 
bahan jadi system is that the jengjen trees are cut by the 
owner. Moreover, the timber is processed into beam or 
board form that readily to use for building material and 
furniture. This harvesting system has high economic value 
compare to that of the jual borongan and jual palet system. 
Due to timber has been processed to be ready material for 
building material or furniture. Therefore, the jengjen timber 
can be sold for approximately between 1.5 and 2 million 
rupiah per cubic. This harvesting system is usually 
undertaken by rich farmers due to need some equipment 
and adequate capital. Consequently, the harvesting jengjen 
trees in the Karangwangi Village have predominantly 
undertaken by the harvesting system of jual borongan and 
jual palet instead of jual dijadikan bahan. 

Traditionally, utilization of jengjen trees can be divided 
into two categories, namely for subsistence purpose to 
fulfill the household needs and for trading. The first 
category, the jengjen timber production is used to 
accomplish the household needs. Maturing jengjen 
approximately 4-5 years old is cut by pickaxe, saw, or 
chainsaw. Moreover, the logging is sawed to be variety of 
building materials, such as board (papan), frame house 
(kosen), pole building (tiang bangunan); and furniture 
materials, such as table, chair, and cupboard.This carpentry 
is usually undertaken by himself, particularly for an 
individual who has the equipment himself. Meanwhile, for 
an individual who does not have any equipment himself, he 
must hire other people as carpenter. The second category, 
as mentioned earlier, the jengjen production is sold to a 
timber merchant by harvesting system of borongan, palet, 
and dijadikan bahan. Moreover, the timber production is 
carried by truck and sent to neighboring district or urban 
area. 

Impact of jengjen introduction 
On the basis ecological or environmental history, 

swidden system in village of Karangwangi has developed 
into several types of traditional agroforestry system, 
namely kebon awi (bamboo garden), kebun kai (mixed 
perennial wood garden) and talun (mixed fruit and woods)    
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Table 3. Various leguminous plants (Leguminosae, Fabaceae, Papilionaceae) have commonly planted in the huma system by 
Karangwangi people 
 

Scientific name Family Sundanese 
name Habitat and uses 

Acacia auriculiformis Benth. Fabaceae Akasia Perennial plant that is commonly in the homegarden, kebon 
kai, and huma, traditionally used as wood and firewood  

Albizia chinensis (Osbeck) Merr. Fabaceae Jeunjing Perennial plant that is commonly in the homegarden, kebon 
kai, and huma, traditionally used as wood and firewood  

Albizia procera (Roxb.) Benth Fabaceae Kihiang Perennial plant that is commonly in the homegarden, kebon 
kai, and huma, traditionally used as wood and firewood. 

Arachis hypogaea L Fabaceae Kacang suuk Annual crop that is commonly cropped in huma and garden, 
traditionally used as spices and sold. 

Cajanus cajan (L.) Millsp. Fabaceae Kacang hiris Annual crop that is commonly in huma and garden, 
traditionally used as vegetable. 

Calliandra calothyrsus Meisn. Fabaceae Kaliandra Perennial plant that is commonly cropped in huma and kebon 
kai, traditionally used as firewood 

Dolichos lablab L Fabaceae Kacang roay Annual crop that is commonly cropped in huma, traditionally 
used as vegetable  

Glycine max (L) Merill) Fabaceae Kacang kadele Annual crop that is cropped in huma, traditionally used as 
vegetable. 

Leucaena leucocephala (Lam.) de Wit Fabaceae Peuteuy selong Perennial plant that is planted in homegarden and kebon kai, 
traditionally used as vegetable and fodder 

Paraserianthes falcataria (L.) Nielsen*) Fabaceae Jengjen Perennial plant is commonly planted in homegarden, huma, 
kebon kai, traditionally used as building materials and 
firewood, and sold.  

Parkia speciosa Hassk. Fabaceae Peuteuy Perennial plant that is commonly planted homegarden, huma, 
kebon kai, traditionally used as vegetable and sold.  

Pithecelobium jiringa (Jack) Prain Fabaceae Jengkol Perennial plant that is commonly planted in huma, kebon kai, 
pekarangan, traditionally used as vegetable and sold. 

Samanea saman (Jacq.) Merr. Fabaceae Ki hujan Perennial plant that is commonly in the homegarden, kebon 
kai, and huma, traditionally used as wood and firewood. 

Senna alata (L.) Roxb. Fabaceae Haringin Perennial pant is commonly planted in kebon kai, 
traditionally used as wood 

Vigna sinensis L Fabaceae Kacang 
panjang 

Annual crop that is commonly cropped in homegarden and 
huma, traditionally used as vegetable 

Gliricidia sepium (Jacq) Walp Papilionaceae Gamal Perennial plant that is commonly planted in homegarden, 
kebon kai, traditionally used as firewood and living fences; 

Vigna radiata (L.) R.Wiczek Papilionaceae Kacang hejo Annual crop that is commonly cropped in huma and garden, 
traditionally used as vegetable. 

Note:  *) Introduced by the Forestry Office (Dinas Kehutanan) through the regreening program 
 
 
 

(Iskandar et al. 2016; Iskandar and Iskandar 2016a). 
Traditionally, people of Karangwangi Village have 
cultivated various crops, including leguminous crops 
(Leguminosae, Fabaceae, Papilionaceae), such as kacang 
hiris (Cajanus cajan (L.) Millsp), kacang tanah (Arachis 
hyogaea L), kacang roay (Dolichoslablab L), and perennial 
plants, including peuteuy (Parkia speciosa Hassk), kihiang 
(Albizia procera (Roxb) Benth, and jeungjing (Albizia 
chinensis (Osbeck) Merr) that can help maintain soil 
fertility in the swidden system (Table 3).  

Moreover, due to more intensive cultivation of swidden, 
introduction of jengjen has been introduced in 2000s. This 
fast growing plant has popularly cultivated by local people 
of Karangwangi Village due to provide various ecological 
and socio-economic benefits. Economic benefits namely 

can maintain soil fertility in the various traditional 
agroforestry systems, namely huma, kebon awi and kebon 
kai because it is fast growing, nitrogen-fixing, easily 
cultivated, provides household needs, and yielding a cash 
income. This plant maintains soil fertility due to able to 
fixe nitrogen through bacteria of Rhizobium that grows in 
root of jengjen (Reijntjes et al. 1992; Iskandar and Ellen 
2000). Meanwhile the socio-economic benefits namely 
almost all product of jengjen can be used by people. For 
example, various products can be used building materials 
and furniture, while small branches are collected for 
firewood. Indeed, jengjen tree that has been damaged by 
pest can still use for firewood. In addition, product of 
jengjen timber can be sold both in local or sent to other 
areas, such as Rancabuaya, Garut, Tasikmalaya, Bandung, 
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and other areas Central Java and East Java. Both logging 
and timber product of jual palet have predominantly sent to 
factories in Kertajati and Ciawi, West Java to be used of 
building materials and furniture. In other words, 
development of jengjen farming in village of Karangwangi 
since 2000s has created various new economic activities for 
village people. Before developing the jengjen farming, 
most people of Karangwangi Village has intensively 
engaged in economic subsistence of swidden farming. 
Afterward, by development of jengjen farming, they have 
developed and adapted to market economy. It must be 
considered, however, introduction of jengjen tree will not 
to dramatically changes traditional agroforestry systems of 
kebon awi, kebon kai and talun to be commercial 
monoculture of jengjen garden. Due to these agroforestry 
traditional systems have been traditionally created based on 
the Traditional Ecological Knowledge for a long time over 
generation. There are some distinctive characteristic of the 
traditional agroforestry, namely recognized as low inputs 
and maintaining crop diversity. Traditionally, various 
external inputs, such as chemical fertilizer and pesticides 
have minimally applied in the traditional agroforestry 
system. In addition, the traditional agroforestry systems 
have been plentifully cropped by species and verities (land 
races) both annual and perennial crops. For example, it has 
been revealed that at least 13, 4, and 13 local species and 
land races of banana (Musa paradisiaca L), coconut 
(Cocos nucifera L), and bamboo (Family Poaceae, Sub-
family Bambusoideae), respectively, that are planted at the 
traditional agroforestry systems of Karangwangi Village. 
As a result, these traditional agroforestry systems have 
various products for both subsistence and economic 
commercial. In addition, it has adapted to environmental 
changes, including climate anomaly (drought and flood), 
pest resistant, and has a high resilience with market 
fluctuations (Christanty et al. 1986; Iskandar 2007; Aryal 
and Choudhury 2015). Therefore, if these traditional 
agroforestry system have been dramatically changed to 
commercial monoculture of jengjen, although it has 
provided high economic value, some negative impact may 
occurs, such as loss of local plant species and varieties, 
vulnerable to pests and diseases, and low resilience on 
market fluctuations (Reijntjes et al. 1992). 

On the basis of this study, it can be concluded that 
although the population of Karangwangi has increased and 
forest decreased, and market economy intensively 
penetrated to village, the swidden system has continuously 
practiced by people of Karangwangi Village. Unlike in the 
past, recently swidden cultivation (huma) has been 
practiced in non-forest instead of natural forest. The huma 
has been modified by farmers into various more permanent 
traditional agroforestry systems, such as kebon awi, kebon 
kai, and talun (Iskandar et al. 2016). In addition, due to 
more intensive cultivation of the huma, the introduction of 
jengjen has been undertaken by farmers that initially 
introduced by the Forestry Office (Dinas Kehutanan) 
through the regreening program. Moreover, the jengjen has 
well adopted and integrated with the development of the 
swidden farming (huma) due to this species provide various 

ecological and socio-economic benefits, and does not 
eliminate the huma system tradition of the local people. 
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Abstract. Karyati, Ipor IB, Jusoh I, Wasli ME. 2017. The diameter increment of selected tree species in a secondary tropical forest in 
Sarawak, Malaysia. Biodiversitas 18: 304-311. The diameter at breast height (DBH) increments of dominant tree species in a secondary 
forest can determine forest growth in the area. This study was conducted to investigate the DBH increments of the nine dominant tree 
species in a secondary tropical forest. A total number of 180 trees representing nine species, seven genera, and six families were selected 
for the assessment of DBH increments during two years of study. Those nine species, namely: Acacia mangium Willd. (2.33 cm year-1), 
Endospermum diadenum (Miq.) Airy Shaw (1.05 cm year-1), Cratoxylum arborescens Blume. (0.96 cm year-1), Vernonia arborea Buch. 
Ham. (0.96 cm year-1), and Cratoxylum glaucum Korth. (0.80 cm year-1) had shown a high growth rate during the assessment, while the 
other four species such as Macaranga gigantea Mull. Arg., Macaranga triloba Mull. Arg., Euodia glabra (Bl.) Bl., and Vitex pubescens 
Vahl. had 0.53, 0.48, 0.37, and 0.30 cm year-1 in DBH increments, respectively. The average DBH increments for the entire selected 
species was 0.86 cm year-1 for periodic measurement and 0.75 cm year-1 for monthly measurement. This information is needed in order 
to understand the succession process in the secondary forests. It is important for the selection of the suitable species in a reforestation 
and a rehabilitation projects.  

Keywords: Diameter increment, fast growing species, secondary forest, selected species  

INTRODUCTION 

A secondary forest is the type of vegetation resulted 
after a forest or woodland area have been disturbed or 
cleared for shifting cultivation prior to abandonment 
(Johnson and Miyanishi 2007; Keddy 2007). After field 
abandonment, the secondary forest develops naturally (Van 
Do et al. 2010). The secondary forests are reflected in their 
structure and extent of vegetative cover, as well as their 
composition in terms of dominant and secondary species 
(Mittelman 2001). Typical swidden fallow secondary forest 
vegetation includes many forest patches at different stages 
of succession. The structure of swidden fallow secondary 
forests changes rapidly at the young stages. The principal 
structural changes include increased canopy height and tree 
diameter, a stratification of the tree vegetation and a 
reduction in the number of stems per a considered area 
(Perera 2001). The patterns of stand development are based 
on tree physiology, soils, and micrometeorology. The rates 
of tree growth in tropical forests reflect the variation in life 
history strategies that contribute to the determination of 
species’ distributional limits, set limits to timber harvesting 
and control the carbon balance of the stands (Baker et al. 
2003). Uzoh and Oliver (2008) hypothesized that the 
increment of the trees was influenced by tree size and vigor 
effects, site effects, competitive effects and regional effect 
as well as relative competitive status to neighboring trees 
and the impact of land use management.  

In addition, it is quite certain that the plant growth, 
development and its productivity depend on the internal 

factors (genetic or hereditary) and external factors (surrounding 
environmental). The environmental factors affecting the 
planting site encompass climate (meteorological variables), 
edaphic (soil), biotic (living or organisms), physiographic 
(elevation) and anthropogenic effects (Pancel 1993; 
Gopalaswamy 1994). Abazari and Talebi (2008) described 
the duration of development of a stand and transition from 
one stage to another varied among the forest communities. 
The growth characteristics and dynamic of the stands varied in 
different development stages. Lynch and Huebschmann 
(1992) clarified that large variances in diameter increment 
will tend to be associated with high covariance between 
increment and basal area at the end of growth period. In 
addition, the annual diameter increment was also 
influenced by planting space (Mawazin and Suhaendi 
(2012) and silvicultural treatments (Venturoli et al. 2015). 

Seydack et al. (2011) pointed out that variation in 
stand-level growth was affected by species-inherent and 
resource factors as well as site-climate interactions. Rüger 
et al. (2016) stated the most important trait determining 
growth characteristics was wood density. In addition, 
intrinsic growth rates were related strongly to adult stature, 
while all traits contributed to light response. Hérault et al. 
(2011) added that the maximum absolute diameter growth 
rates increased with the increase of adult stature and leaf 
13C and decreased with the increase wood density. The 
effect of growth-mediated ontogenic changes on the 
localization of water and carbohydrate storage within a tree 
is a result of sapwood and heartwood dynamics throughout 
tree ontogeny (Lehnebach et al. 2016).  
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There were few studies discussing on the diameter 
increment for different tree species in the tropical forest in 
Malaysia (Primack et al. 1985; Hassan et al. 2009; 
Mohammad and Suratman 2011). However, it is found out 
that there are still limited studies focusing on the diameter 
at breast height (DBH) increment of selected dominant 
species in secondary tropical forests, whereas the DBH 
increments of the major species represent the rates of tree 
growth on the site. The objective of this research was to 
determine the DBH increments of nine dominant tree 
species in a secondary forest. This study addresses the 
following questions: (i) What are the variations of the DBH 
increment according to species and DBH class as well as 
measurement period? (ii) What is the dominant tree species 
growth in terms of DBH increment? The information on 
DBH increment of the dominant species that characterized 
a secondary forest is very important and is needed very 
much. Because of a large number of species was found in 
the secondary forests, the selection of the representative 
species, which will be used to determine the vegetation 
growth in secondary forest, is crucial. The paper addresses 
basic understanding about the development during 
succession of secondary forest in general. The result is also 
necessary to consider species selection, especially for 
reforestation and rehabilitation projects in Malaysia and 
South East Asia. 

MATERIALS AND METHODS 

The study area 
The study was carried out at a secondary forest of 

Universiti Malaysia Sarawak (Unimas) (01°28.111'N 
110°26.234'E) in Kota Samarahan, Sarawak, East Malaysia 
(Figure 1). The forest area of Unimas campus covers about 
245 ha of a total area 700 ha. The study site is situated 
approximately 30 km southeast, one hour drive, from 
Kuching the capital of Sarawak. The secondary forest is 
estimated about 30 years old (30 years after abandonment 
of shifting cultivation). The soils of Samarahan series 
include Bijat family and Gley soils based on the Sarawak 
Soil Classification Systems. Samarahan unit is covered by 
mainly secondary growth (shifting cultivation-wet rice) and 
generally between 0-20 feet above sea level (asl) 
(Andriesse 1972). Climate data were collected from the 
Meteorology Department of Malaysia (Sarawak Branch) at 
Kuching Airport Station, which is about 30 km from the 
study site. During the last 20 years, the study site receives 
average annual of 4,323.3 mm year-1 of rainfall, 247 rain 
days, 26.3oC of monthly temperature, and 85.3% of 
monthly relative humidity. Thus, it was categorized as very 
humid area with vegetation of tropical rain forest (Karyati 
2013).  

 
 
 

 
 
Figure 1. Map of the study area in Kota Samarahan, Sarawak, East Malaysia  
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Data collection and analysis 
The initial survey of secondary forest was conducted in 

one hectare plot. All woody plants which have a diameter 
at breast height (DBH) of more than 2 cm within the plot 
were enumerated and identified. The numbers of recorded 
species were 52 species of 1332 individuals per hectare. To 
obtain the representative species of a secondary forest in 
the study site, the selection of tree species was based on 
consideration of the dominant species. The selected tree 
species (except A. mangium) included the dominant species 
in terms of stem numbers within the plot and Importance 
Value Index (IVi) in the study site. The DBH of selected 
trees at the beginning of assessment period represented the 
entire DBH distribution class as shown in Table 1. The 180 
trees from nine species (20 trees for each species) were 
selected for DBH increment assessment in the field. These 
nine species were Acacia mangium Willd., Cratoxylum 
arborescens Blume, Cratoxylum glaucum Korth, 
Endospermum diadenum (Miq.) Airy Shaw, Euodia glabra 
(Bl.) Bl., Macaranga gigantea Mull. Arg., Macaranga 
triloba Mull. Arg., Vernonia arborea Buch. Ham., and 
Vitex pubescens Vahl. A. mangium trees was selected as a 
comparison, a represent of plantation trees and adjacent to 
secondary forest.  

The DBH increment of 180 trees was measured for 
every 4 months using a DBH tape between December 2009 
and December 2011 (6 times in total). The DBH of each 
tree was measured using a diameter tape at 1.3 m height 
from ground surface. For a smaller subset of 30 trees, the 
measurement of them in every month uses a dendrometer 
band (Series 5 Manual Band Dendrometer from AEC) for 
whole one year (July 2010-July 2011). With this in mind, 
three to four trees were selected to represent each species. 
The dendrometer band was attached slightly above the 
level of diameter tape. The initial reading of dendrometers 
of every selected tree was recorded and the following 
records were taken every month for the next 12 months. 
The assessment of DBH increment using dendrometer band 
had to be stopped because 14 of 30 of Series 5 Manual 
Band Dendrometer from AEC have gone since 20 July 
2011. Meanwhile, the assessment of diameter tape was 
continued until December 2011. The DBH increment value 
of each tree was determined by subtracting its initial 
recorded DBH from its final recorded DBH. The DBH 
increment rate was DBH increment value divided by the 
number of years. Dendrometer bands measured changes in 
the circumference of the tree. For this assessment, the 
changes in tree diameter were calculated as the change in 
the circumference, and then divided by π. The analysis of 
variance (ANOVA) and the post hoc test (Tukey HSD) 
were used to compare the DBH increments among selected 
species. The statistical analysis was carried out using SPSS 
version 18 for Windows (SPSS Inc., 2012).  

RESULTS AND DISCUSSION 

The variations of DBH increment 
Variations across species and DBH class 

The DBH increments of the dominant species in 
secondary forest varied across species and class. There was 

significant difference between selected species as shown in 
Table 2. The variation of DBH increment was obtained 
through the tree between and within the selected species in 
a secondary forest being studied. Ogaya et al. (2003) 
reported that mean stem diameter increment showed a great 
variation depending on the species. The DBH increment 
rates of nine selected tree species were illustrated in Figure 
2. While A. mangium, C. arborescens, and C. glaucum 
showed high DBH increment for all DBH classes, the DBH 
increments of E. diadenum were higher than those three 
trees with DBH > 5 cm. Meanwhile, the highest DBH 
increment of trees was V. arborea with 20-25 cm in DBH 
class. On the other hand, the other four species such as E. 
glabra, M. gigantea, M. triloba, and V. pubescens indicated 
low DBH increment during the 2-years measurement 
period. Their DBH increments were relatively constant for 
every DBH class. The figure illustrated the trees included 
to the higher DBH class tended to have higher DBH 
increment. The high diameter class showed the highest 
increment values (Marsoem 2013).  

Variations across measurement period 
During the assessment periods, the cumulative DBH 

increments differed among the tree species for both 
periodical (by diameter tape) and monthly (by dendrometer 
band) measurements as seen in Figures 3 and 4. In these 
two assessments, the five selected species of A. mangium, 
C. arborescens, C. glaucum, E. diadenum, and V. arborea 
had higher cumulative DBH increments. In this regards, 
during the assessment period, between six-time 
measurement, A. mangium had shown the highest of DBH 
increment among nine selected species. The highest 
average DBH increment of A. mangium (0.91 cm) and E. 
diadenum (0.48 cm) was in December 2010. Meanwhile, 
other two species of C. arborescens and C. glaucum had 
the highest average DBH increment of 0.41 cm in 
December 2011 and 0.34 cm in April 2010, respectively. 
On the other hand, low DBH increments were shown by E. 
glabra, M. gigantea, M. triloba, and V. pubescens. During 
the 2-year period, these four species only showed the 
relatively high DBH increment at the end of assessment 
(December 2011) (Figure 3).  

Figure 4 indicated cumulative DBH increments of nine 
selected species were assessed by dendrometer band. The 
result showed a slight different average of DBH increment 
for each species every month. It was probably due to a few 
samples (only three to four trees) per species were 
recorded. The average of DBH increment varied from 0.14 
to 0.16 cm month-1, 0.02 to 0.11 cm month-1, 0.02 to 0.13 
cm month-1, and 0.04 to 0.17 cm month-1 for A. mangium, 
C. arborescens, C. glaucum, and E. diadenum, 
respectively. The other three species, such as E. glabra, M. 
gigantea, and M. triloba showed the lowest record of 
average DBH increment at 0.01 cm month-1, while V. 
arborea and V. pubescens pointed at 0.02 cm month-1 of 
the average DBH increment. At last, the highest DBH 
increments were recorded at 0.03, 0.06, 0.08, 0.10, and 
0.11 cm month-1 for E. glabra, M. gigantea, M. triloba, V. 
arborea, and V. pubescens, respectively.  
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The average DBH increment of A. mangium and E. 
glabra was relatively constant (0.16 and 0.03 cm month-1, 
respectively) at the first three months of the assessment 
period. The average DBH increment of C. glaucum, E. 
diadenum, and V. arborea had increased gradually since 
August to December 2010, though their diameter had 
growth very slowly until the end of the assessment (July 
2011). On the other hand, the average DBH of M. gigantea 
and M. triloba had increased slightly during August to 
October 2010. In this regards, these two species reached 
the greatest increment in February 2011. It was revealed 
that the variation of DBH increment was also found on 
trees from similar species. This might due to the response 
of each species to the growth process, which is different 
among species as well as among trees of similar species. 
The internal and external factors had affected tree growth 
and development. The internal factors comprised genetic 
factor, plant growth process, internal growth property, and 
physiological process. On the other hand, the soil 
properties, climatic factors, and response plant to 
environment were included as external factors. It could be 
concluded that the variation of DBH increment was clearer 
on monthly measurement than that of periodical 
measurement. Miya et al. (2009) explained that variation 
on diameter growth of different sapling species in an 
uneven-aged mixed stand was influenced by individual 
growth conditions, but it was negatively related by the 
wood density (Keeling et al. 2008).  

DBH increment of selected tree species  
During 2-year assessment (December 2009–December 

2011), the highest DBH increment was reached by A. 
mangium (2.33 cm year-1), followed by E. diadenum (1.05 
cm year-1), C. arborescens (0.96 cm year-1), V. arborea 
(0.96 cm year-1), and C. glaucum (0.80 cm year-1). On the 
other hand, M. gigantea (0.53 cm year-1), M. triloba (0.48 
cm year-1), E. glabra (0.37 cm year-1), and V. pubescens 
(0.30 cm year-1) had low DBH increments (Table 3). 

Furthermore, the average of DBH increment for all selected 
tree species was 0.86 cm year-1. In this regards, the DBH 
increments of E. glabra and V. pubescens showed 
significant difference to E. diadenum and A. mangium. 
Also, there was no significant difference of DBH increment 
between C. arborescens, C. glaucum, M. gigantea, M. 
triloba, and V. arborea. 

The average of DBH increment of selected tree species 
which is recorded monthly by dendrometer band is also 
shown in Table 3. During 1-year measurement period (July 
2010-July 2011), A. mangium, E. diadenum, C. glaucum, 
C. arborescens and V. arborea had an average of DBH 
increment of 1.85, 1.09, 0.92, 0.80, and 0.61 cm year-1, 
respectively. While other four species namely V. pubescens 
(0.58 cm year-1), M. triloba (0.40 cm year-1), M. gigantea 
(0.36 cm year-1), and E. glabra (0.26 cm year-1) showed 
slower growths. Overall, the average DBH increment of all 
selected trees was recorded at 0.75 cm year-1 in this 
assessment. 

Among the nine selected tree species, A. mangium 
showed the highest DBH increment. This species grew at 
open area which was adjacent to the study site. The species 
was the only planted trees, which then were compared to 
the others selected species of secondary forest. As light is 
abundantly available in any open areas, it is suggested that 
this factor may support the maximum growth of A. 
mangium trees. In this study, the tree samples of A. 
mangium include the young trees with DBH of less than 18 
cm. DBH increment is greater in the young stands than in 
the old ones (Feldpausch et al. 2007). The average of DBH 
increment of A. mangium (2.33 cm year-1 of measurement 
periodically and 1.85 cm year-1 of measurement monthly) 
in this study was similar to the study conducted by Lim 
(1993). Lim (1993) concluded that DBH and height of A. 
mangium are considerably varied with age and site. The 
MAI (mean annual increment) for DBH ranged from 1.8 to 
7.4 cm year-1.  

 
 
Table 1. The number of selected trees in terms of species and DBH class on DBH increment assessment in a secondary forest. 
 

Species Family Size class (cm) Total 0.0-5.0 5.1-10.0 10.1-15.0 >15.1 
Acacia mangium Willd. Fabaceae 9 (0) 8 (3) 2 (0) 1 (0) 20 (3) 
Cratoxylum arborescens Blume. Clusiaceae 2 (1) 14 (1) 4 (0) 0 (1) 20 (3) 
Cratoxylum glaucum Korth. Clusiaceae 6 (0) 14 (4) 0 (0) 0 (0) 20 (4) 
Endospermum diadenum (Miq.) Airy Shaw Euphorbiaceae 5 (0) 8 (1) 6 (2) 1 (0) 20 (3) 
Euodia glabra (Bl.) Bl. Rutaceae 4 (0) 10 (1) 5 (2) 1 (0) 20 (3) 
Mcaranga gigantea Mull. Arg. Euphorbiaceae 2 (0) 7 (3) 6 (1) 5 (0) 20 (4) 
Macaranga triloba Mull. Arg. Euphorbiaceae 2 (0) 11 (2) 3 (1) 4 (0) 20 (3) 
Vernonia arborea Buch. Ham. Asteraceae 0 (0) 5 (2) 6 (1) 9 (0) 20 (3) 
Vitex pubescens Vahl. Urticaceae 1 (0) 8 (2) 10 (2) 1 (0) 20 (4) 
Total   31 (1) 85 (19) 42 (9) 22 (1) 180 (30) 
 
 
Table 2. The analysis of variance for DBH increment of selected tree species in a secondary forest. 
 
 Sum of squares df Mean square F Significance 
Among species 60.723 8 7.590 17.090 .000 
Within species 75.949 171 0.444   
Total 136.672 179    
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Figure 2. The DBH increment rates of nine selected species on measurement periods from December 2009 to December 2011 
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Figure 3. Cumulative DBH increments of nine selected species which were recorded periodically by diameter tape 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Cumulative DBH increments of nine selected species which were recorded monthly by dendrometer band 
 
 
 
 
 

The average DBH increment of selected tree species 
(except A. mangium) varied from 0.30 to 1.05 cm year-1. 
This result was higher compared to the diameter increment 
of ten selected tree species (ranged from 0.09 to o.57 cm 
year-1) in Kuala Keniam, Taman Negara Pahang, Malaysia 
(Mohammad and Suratman 2011). In Hassan et al. (2009) 
study at secondary forest of Pasoh Forest Reserve Area, 
Negeri Sembilan, Malaysia, the diameter increments of 
Azadirachta excelsa and Intsia palembanica were 1.06 cm 
year-1 and 0.97 cm year-1. Primack et al. (1985) used long-
term forestry data from Sarawak and estimated mean 
annual diameter increments of between 0.4 and 3 mm year-

1 in several Artocarpus and two Ficus species. The growth 
of Artocarpus saplings increased as fast as the adults. 
Additionally, the diameter growth is highly variable among 
species and size classes on a large number of tropical trees 
(Lang and Knight 1983; Ogaya et al. 2003).  

To conclude, the result indicated that the variation of 
DBH increments of selected tree species in secondary 
forest, were affected by different species, DBH class, and 
measurement period during the assessment. The five 
species namely, A. mangium (2.33 cm year-1), E. diadenum 
(1.05 cm year-1), C. arborescens (0.96 cm year-1), V. 
arborea (0.96 cm year-1), and C. glaucum (0.80 cm year-1) 
had high DBH increment during the assessment. While the 
other four species namely, M. gigantea, M. triloba, E. 
glabra, and V. pubescens showed low DBH increment. 
These four species had 0.53, 0.48, 0.37, and 0.30 cm year-1 
in DBH increment. The tree growth of secondary forest 
reflects the development during secondary succession 
process as well as their floristic structure, composition, and 
diversity. The development and changes of floristic 
composition and diversity of plant during early stages of 
secondary succession process was mostly influenced by  
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Table 3. Average of DBH increment (+ SD) and ranges (minimum-maximum) of selected tree species in a secondary forest 
 
Species n i (cm year-1)*) SD i min. i max. Ratio 
 
Periodical measurement (by diameter tape)       

Acacia mangium Willd. 20 2.33c  (+1.41) 0.55 6.40 11.64 
Cratoxylum arborescens Blume. 20 0.96ab  (+0.51) 0.06 1.90 29.23 
Cratoxylum glaucum Korth. 20 0.80ab  (+0.42) 0.15 1.50 10.00 
Endospermum diadenum (Miq.) Airy Shaw 20 1.05b  (+0.70) 0.15 2.35 15.67 
Euodia glabra (Bl.) Bl. 20 0.37a  (+0.34) 0.10 1.05 10.50 
Macaranga gigantea Mull. Arg. 20 0.53ab  (+0.42) 0.07 1.60 24.62 
Macaranga triloba Mull. Arg. 20 0.48ab  (+0.35) 0.15 1.35 9.00 
Vernonia arborea Buch. Ham. 20 0.96ab  (+0.79) 0.15 2.65 17.67 
Vitex pubescens Vahl. 20 0.30a  (+0.17) 0.13 0.70 5.60 
All selected species 180 0.86  (+0.87) 0.06 6.40 106.67 
       
Monthly measurement (by dendrometer band)       
Acacia mangium Willd. 3 1.85  (+0.09) 1.78 1.96 1.10 
Cratoxylum arborescens Blume. 3 0.80  (+0.17) 0.60 0.92 1.53 
Cratoxylum glaucum Korth. 4 0.92  (+0.08) 0.84 1.01 1.20 
Endospermum diadenum (Miq.) Airy Shaw 3 1.09  (+0.13) 0.99 1.24 1.25 
Euodia glabra (Bl.) Bl. 3 0.26  (+0.01) 0.25 0.28 1.12 
Macaranga gigantea Mull. Arg. 4 0.36  (+0.22) 0.22 0.69 3.14 
Macaranga triloba Mull. Arg. 3 0.40  (+0.10) 0.34 0.52 1.53 
Vernonia arborea Buch. Ham. 3 0.61  (+0.20) 0.40 0.80 2.00 
Vitex pubescens Vahl. 4 0.58  (+0.07) 0.48 0.64 1.33 
All selected species 30 0.75  (+0.47) 0.22 1.96 8.91 
Note: n, i, SD, imin, and imax are number of trees, average of DBH increment, standard deviation, minimum value of DBH increment, and 
maximum value of DBH increment. The ratio is calculated by dividing the maximum value by the minimum value. *)Different letters in 
the column indicate a significant difference at 5% level by Tukey HSD test among different selected species. 
 
 
 

 
secondary succession process and fallow period in various 
ages of secondary forests after slash and burn process. The 
species composition at abandoned lands after burning 
begins to change after 20 years of abandonment. However, 
the late pioneer species and secondary species were 
common in this site (Karyati et al. 2013). The diameter 
increment of dominant tree species determine growth rate 
in the secondary forest. With the expansion of their area 
and the depletion of primary forests, secondary forests have 
become increasingly important for maintaining larger 
habitat for biodiversity conservation. The information on 
the sequence of change in community composition of 
secondary forests is needed to predict the succession of 
future forests. The findings can be considered to select the 
suitable species in rehabilitation and reforestation projects 
in Malaysia and South East Asia in general. 
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Abstract. Praptosuwiryo TNg, Isnaini Y. 2017. Morphological variations and sex expression in gametophytes of Cibotium barometz 
under in vitro conditions. Biodiversitas 18: 312-320. Characteristics of gametophytes in ferns have been shown to be phylogenetically 
significant. Studies of fern gametophytes have become essential to fill the gaps in our knowledge of fern morphology, ecology, 
reproduction, evolution and distribution. The purposes of this study were: (i) to observe morphological variations and sex expression in 
gametophytes of Cibotium barometz (L.) J. Sm., and (ii) to understand how gametophyte densities affect sex expression in the species. 
Spores of five collection numbers of C. barometz from Sumatra, Indonesia, were sown on half-strength Murashige & Skoog (½MS) 
basal medium. Eleven weeks after germination of spores, prothalli were subcultured on ½MS medium along with sugar (30 g/L) and 
Naphthalene Acetic Acid (NAA, 0.5 mg/L). After eight months subculturing of prothalli (prothallus density: 100-150 individuals per 
cm2), 100 gametophytes were observed for each collection number to determine their shapes and sex expression. Between 9- 12 months 
after subculturing, gametophytes growing at different population densities (between 100-500 individuals per cm2) were sampled. One 
hundred prothalli were selected among the ten replicates for each collection number. The percentage of each identified gametophyte 
shape and their genders were recorded. Eight morphological types of adult gametophyte were recorded: (i) Branching filament (asexual), 
(ii) ribbon-like shape (male), (iii) spatulate shape (asexual, male, female), (iv) heart shape (male, female, bisexual), (v) gemmiferous 
heart shape (asexual, female, bisexual), (vi) long heart shape (male, bisexual); (vii) gemmiferous long heart shape (asexual, male, 
bisexual), and (viii) gemmiferous irregular shape (asexual, male, female, bisexual). We conclude that gametophyte morphology is 
simply “too plastic” to be used in suporting species delimitation in ferns if the prothalli is to be cultured in a high population density. 
There is a correlation between gametophyte size, shape and sex expression that is related to the population density. The presence of 
unisexual and bisexual gametophytes indicates that both intergametophytic and intragametophytic selfing occur in C. barometz.  

Keywords: Cibotium barometz, Environmental Sex Determination theory, gametophyte, morphology, sex expression 

INTRODUCTION 

Ferns and other pteridophyte groups are seedless 
vascular plants which are unique among land plants in that 
they possess two morphologically independent generations; 
free-living and alternating phases. The more conspicuous 
form is the diploid generation consisting of vascularized 
sporophyte plants which meiotically produce spores. 
Derived from those spores is the haploid generation, 
consisting of a non-vascularized gametophyte that produces 
gametes by mitosis; it is much smaller in size and simpler 
in shape than the sporophyte.  

Gametophyte morphology, including type of spore 
germination, early gametophyte development, and details 
of mature gametophytes, trichomes and gametangia, has 
been used to characterize fern taxa (Nayar and Kaur 1971; 
Prada et al. 1996; Huang et al. 2001; Pangua et al. 2003; 
Puspitasari et al. 2015). These characters provide evidence 
about variation pattern, which is one of the distinguishing 
criteria in fern taxonomy (Pryer et al. 1995). Data on fern 
gametophytes are also very important for understanding 
ecology (Dassler and Farrar 1997, 2001), evolution (Stokey 
1951; Miller 1968; Nayar and Kaur 1971; Atkinson 1973; 
Windham and Haufler 1986), demography and distribution 
(Watkins et al. 2007; Flinn 2006). Therefore the data can 

be used in determining systematic and phylogenetic 
relationships in ferns and fern-allies (Pryer et al. 1995). 

Gametophytes of homosporous ferns are generally 
cordate-thalloid with a midrib (cushion), but are sometimes 
noncordate, displaying various shapes such as tuberous, 
strap-like, ribbon-like, or filamentous, depending on the taxon 
(Bower 1923; Orth 1936; Nayar and Kaur 1971; Raghavan 
1989; Imaichi 2013). Heart-shaped gametophytes can be 
found in Aspleniaceae (Herrero et al. 2002; Praptosuwiryo 
2010), Cyatheaceae (Chen et al. 2008), Dryopteridaceae 
(Guo and Liu 2013), Lygodiaceae (Takahashi et al. 2015) 
and Pteridaceae (Puspitasari et al. 2015). Strap- and ribbon-
shaped gametophytes are found in members of the 
Hymenophyllaceae, Vittariaceae and Polypodiaceae (Farrar 
et al. 2008; Takahashi et al. 2009). Strap-shaped 
gametophytes with shallowly notched apices and little 
branching are found in the family Elaphoglossaceae (Nayar 
and Kaur 1971; Chiou et al. 1998). Gametophyte form in 
the Polypodiaceae is more variable (Nayar and Kaur 1971; 
Chiou and Farrar 1997). Gametophytes in the 
Polypodiaceae are reported to range from cordate or strap-
shaped and branched with apical notch, to ribbon-like 
(Nayar 1963). 

Understanding sex expression in the gametophyte 
generation is critical, as this process ultimately determines 
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the outcome of crossing events (Pangua et al. 2011). Sex 
expression in the gametophyte generation influences the 
genetic structure of the sporophyte population. In some 
fern species, a pheromone, ‘antheridiogen’, that stimulates 
antheridia initiation is produced by maturing female 
gametophytes, thus promoting out-crossing (Pangua et al. 
2003). Three modes of sexual reproduction are recognized 
in ferns and fern-allies (following Klekowski 1969): (i) 
Intragametophytic selfing, a zygote is formed from the 
same gametophyte; (ii) Intergametophytic selfing, a zygote 
is formed via the cross-fertilization between different 
gametophytes produced by a single sporophyte, and (iii) 
Intergametophytic crossing, a zygote is formed via the 
cross-fertilization between different gametophytes produced 
by different sporophytes (Soltis and Soltis 1987). A 
bigametophytic system, consisting in most cases of male 
and female prothalli, provides evidence for outcrossing of 
fern species (Pajarón et al. 1999).  

All homosporous ferns have the capacity to be co-
sexual, producing a single kind of spore that develops into 
potentially bisexual gametophytes (Nayar and Kaur 1971), 
producing both sperms and eggs and consequently produce 
strictly homozygous sporophytes (Haufler et al. 2016). 
However, in many species actual gender depends on the 
environment. This mechanism is known as Environmental 
Sex Determination (ESD), a mechanism by which sex is 
decided after conception, depending on the environment, 
rather than being genetically fixed (Bull 1981). 
Environmental Sex Determination is a form of phenotypic 
plasticity, by which individuals produce either female, male, 
or both sex organs depending largely upon environmental 
circumstances (Bull 1981; Leimar et al. 2004). Gametophytes 
of many species tend to become male under poor growing 
conditions, such as low nutrient availability (Korpelainen 
1994), poor light level and quality (Guillon and Fievet 
2003) or high density (Huang et al. 2004). Conversely, 
gametophytes normally become female under rich growing 
conditions. Recent study has shown that most homosporous 
ferns are capable of initiating sporophyte progeny in vitro 
via gametophytic selfing as well as via sporophytic selfing 
or sporophytic outcrossing (Sessa et al. 2016).  

Study on the gametophyte morphology of Cibotium in 
Taiwan revealed that typical gametophytes of Cibotium 
barometz (L.) J. Sm. were heart-shaped, and naked; male, 
female, and hermaphroditic gametophytes of this species 
were simultaneously produced by 8-weeks cultures (Huang 
et al. 2003). Previous study on the gametophyte of C. 
barometz of Sumatra, Indonesia, by germinating spores on 
the natural media -the minced roots of Cyathea contaminans 
and charcoaled rice husks (1:1) mix- resulted five 
morphological types of adult gametophyte, viz.: (i) irregular 
spatulate shape (male), (ii) fan shape (male), (iii) elongated 
heart-shape (male), (iv) short heart or butterfly shape (female), 
and (v) normal heart shape (bisexual) (Praptosuwiryo et al. 
2015). This work was carried out to clarify the findings by 
germinating spore and subculturing the gametophyte in 
vitro in a heavy population density. The purposes of this 
study were: (i) to observe morphological variations and sex 
expression in gametophytes of Cibotium barometz (L.) J. 
Sm., and (ii) to understand how gametophyte densities 

affect sex expression. This work was carried out to answer 
two questions: (i) Whether the gametophyte form of C. 
barometz is plastic in high population densities; (ii) 
Whether we can explain the sex expression of Cibotium 
gametophytes with the ESD (Environmental Sex 
Determination) theory. 

MATERIALS AND METHODS 

Studied species 
Cibotium barometz (L.) J. Sm. is a tree fern belonging 

to the family Cibotiaceae (Smith et al. 2006). It is an 
evergreen fern distributed in the tropical and subtropical 
regions of Asia, including North East India, Myanmar, 
Thailand, Laos, South China, Malaysia, the Philippines, 
Indonesia, Japan and Viet Nam (Holttum 1963). Cibotium 
barometz can be easily recognized by the smooth, shiny, 
golden hairs covering its rhizome and basal stipes, and 2-6 
or more pairs of cup-shaped sori on each pinnule-lobe 
(Holttum 1963; Rugayah et al. 2009; Praptosuwiryo et al. 
2010, 2011). Cibotium barometz grows in warm and humid 
environments, in hilly or mountain forests, often in valleys, 
forest edges and open places in forests of elevations 
ranging from (50-) 200-600 (-1300-1600) m (Holttum 
1963; Praptosuwiryo 2003; Zhang et al. 2008; Rugayah et 
al. 2009; Praptosuwiryo et al. 2011).  

Spore collection and sterilization 
Spore collection procedures follow those described by 

Praptosuwiryo et al. (2015). Fresh spores of four collection 
numbers of C. barometz were collected from plants 
growing at three botanical gardens in West Java, Indonesia, 
i.e.: Bogor Botanical Gardens, Cibodas Botanical Gardens 
and Ecopark of the Cibinong Science Center. One 
collection was collected directly from the field (Table 1).  

The sterilization procedures followed the modified 
procedure of Isnaini (2013). Spores were sterilized with 
commercial Clorox at concentration 20%,10%, and then 
5%, with 1-2 drops of tween-80 as a wetting agent in 20 
mL of distilled water. The sterilized spores were rinsed 3 
times in sterile distilled water for 5 minutes each time to 
remove all traces of sterilizing agent. All the sterilization 
work was carried out in a sterile environment in a Laminar 
flow cabinet.  

Spore culture in vitro on a half-strength MS medium 
 Half-strength Murashige & Skoog (½MS) basal 

medium was used as a medium for germination of spores; 
3% sugar was added as a carbon source. The pH of the 
media was adjusted to 5.7 ± 0.01 prior to sterilizing in an 
autoclave. Gelrite was used as a solidifying agent at a 
concentration of 0.2% w/v. Spores with sterile water were 
sown on the sterilized media in 5 cm Petri dishes. The Petri 
dishes were sealed with strip of plastic wrap film to inhibit 
drying and contamination. For germination, spores were 
incubated in Petri dishes at 20-25oC at 2000 lux for 16 h 
photoperiod. There were at least ten replicates per 
collection number. 
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Tabel 1. Spore collection and living collection sites for the Cibotium barometz used in in vitro culture  
 
Spore  
code Location Living collection 

 site  
Collection 
number 

Deposited 
herbarium

Spore 
harvest

Cb  Medang Village, Air Hangat Subdistrict, Kerinci 
District, Jambi Province. 840-850 m asl. 

Bogor Botanical Gardens  TNgP 2509 BOHB 2012 

Cb-1  Soriak Hill, Lima Puluh Kota District, West Sumatra 
Province  

Ecopark, Cibinong Science 
Center  

TNgP 3353  BOHB 2013 

Cb-2  Barisan Hill, Seberang Air Village, Lareh Sago Halaban
Subdistrict, Lima Puluh Kota District, West Sumatra 
Province 

Cibodas Botanical Gardens  TNgP 2780H  BOHB 2013 

Cb-4  Rambut Tulang Hill, Tanjung Gadang Village, Lareh 
Sago Halaban Subdistrict, Lima Puluh Kota District, 
West Sumatra Province 

Cibodas Botanical Gardens TNgP 2844  BOHB 2013 

Cb-5  Sikek Hill, Kampung Air Putih, Sari Lamak Village, 
Harau, Subdistrict Lima Puluh Kota District, West 
Sumatra Province 

 (not planted in the garden)  TNgP s.019  BOHB 2013 

Note: TNgP = Titien Ng. Praptosuwiryo; BOHB (Herbarium of Bogor Botanical Gardens) 
 
 
 
 

 
Prothalli sub-culturing 

Eleven weeks after germination of spores, prothalli 
were obtained. The prothalli consisted of the spatulate 
stage and young heart-shaped stage. The prothalli were 
then sub-cultured on half-MS medium along with sugar (30 
g/L) and Naphthalene Acetic acid (NAA, 0.5 mg/L), in the 
culture glass bottles (250 mL volume, 9.5 mm high, 6.5 
mm diam., on 1.5 mm thick media), in which they 
multiplied successfully. There were at least ten replicates 
per collection number. 

Observations of gametophyte morphology and sex 
expression  

After 8 months subculturing of prothalli, 100 mature 
gametophytes were selected from among the ten replicates 
for each collection number. The prothallus density after 8 
months subculturing was 100-150 individuals per cm2. 
Each gametophyte was observed to determine its size, 
shape and sex expression (Table 2). The results were 
compared with the results for gametophytes grown in 
isolated conditions or at a low density (1-5 individuals per 
cm2). Between 9-12 months after subculturing, 
gametophytes growing at different population densities 
(150-200, 200-250, 250-300, 300-350, 400-450 individuals 
per cm2) were sampled. One hundred prothalli were 
selected from one culture glass bottle among the ten 
replicates for each collection number. The percentage out 
of the total number of gametophytes represented by each 
gametophyte shape and gender was recorded (Table 3). The 
gametophyte density was determined by counting all 
individual gametophytes in 1-3 cm2 of purposively selected 
growth medium area.  

Gametophyte shape and sex expression were observed 
under binocular Nikon SM2-10A microscope (objective 
lens 4.9x). An Olympus microscope U-TV0, 5XC-3  

5H12344 (objective Lens 4x and 10x) and trinocular Optica 
microscope SZ-CTV (objective Lens 1.5x-2x) connected to 
a digital camera with computer monitor was also used to 
document the morphology and sex expression of 
gametophytes. Gametophyte shapes were labeled according 
to the categories for fern gametophyte morphology 
depicted in the figures of Nayar (1963) and Nayar and Kaur 
(1971).  

RESULTS AND DISCUSSION 

High population density affects gametophyte growth 
and morphological variations in Cibotium barometz 

Eight types of gametophyte shape for C. barometz were 
found in the mass prothallus after subculturing, viz.: (i) 
branching filament (amorphous gametophytes), (ii) ribbon-
like shape, (iii) spatulate shape, (iv) heart shape, (v) 
gemmiferous heart shape, (vi) long heart shape, (vii) 
gemmiferous long heart shape, and (viii) gemmiferous 
irregular shape (Figure 1-2; Table 2.). On the other hand, in 
isolated conditions or at a low density, gametophytes of C. 
barometz, both in the early development and adult stages, 
showed a relatively stable morphology; their form is heart-
shaped (Figure 3). Huang et al. (2003) reported that C. 
barometz of Taiwan has heart-shaped gametophytes with 
male, female, and hermaphroditic sex expression. Table 2 
also shows the average sizes of each form of gametophyte 
of C. barometz. Female gametophytes of C. barometz were 
much larger than the other types of gametophytes. 
Hermaphroditic gametophytes of C. barometz were larger 
than male gametophytes, which were larger than asexual 
gametophytes. These results are similar to the gametophyte 
observations on Culcita macrocarpa reported by Ghosh et 
al. (2012). 
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Figure 1. Gametophytes of Cibotium barometz at high population density, after 8 months subculturing. A. Branching filament 
(amorphous gametophytes, asexual); B. Ribbon-like shape (male); C-D. Spatulate shape (male); E-F. Heart shape (bisexual); G-H. Long 
heart shape (male), white arrow showing antheridia at abaxial surface. Scale bar = 1.25 mm for A; 1 mm for C-D; 2 mm for B and G; 3 
mm for E-F; 0.75 mm for H 
 
 
 

These results showed that the morphology of prothalli 
of C. barometz, whether they are in an early stage of 
development or a mature stage, will become plastic if they 
are cultured at a heavy population density. Some other 
research has also shown that gametophyte morphology is 
influenced by population density. Studies on Osmunda 
cinnamomea reported by Huang et al. (2004) revealed that 
population density of gametophytes affects gametophyte 
growth and sex expression of Osmunda cinnamomea. 
Gametophyte size of O. cinnamomea is negatively related 
to the population density, which significantly affects 
gametophytes' sex expression. 

Gametophyte density affects sex expression on Cibotium 
barometz 

Data on sex expression of C. barometz under in vitro 
conditions after subculturing is presented in Figure 4. 

Results of this study support previous research dealing with 
the sex expression of homospore fern species (see Carafa 
1990; De Soto et al. 2008). The males gametophyte become 
dominant in the high population density (Figure 4). The 
percentage of male gametophytes out of the total ranged 
from 25 to 95% in a prothallus density ranging from 150 to 
450 individuals per cm2. Higher gametophytic densities 
probably promote maleness through the more rapid 
attainment of effective concentrations of antheridiogen. 
Ranker and Houston (2002) provided evidence that sex 
ratios in fern gametophytes are influenced by the 
population density of gametophytes. Ranker and Houston 
(2002) showed that field populations of gametophytes had 
a higher ratio of males to females than did laboratory 
cultures. Populations in the laboratory may not be 
representative of population sex ratios in the field. The 
study conducted by Ranker and Houston (2002) included  
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Figure 2. Gametophytes of Cibotium barometz at high population density, after 8 months subculturing. A-B. Gemmiferous heart shape 
(bisexual); C. Gemmiferous long heart shape (male); D. Gemmiferous long heart shape (bisexual); E-F. Gemmiferous irregular shape, E 
Asexual, F. Bisexual. Scale bar = 3.25 mm for A-B; 2.5 mm for C-D; 5 mm for E-F.  
 
 
 
 
a direct comparison between laboratory and field 
gametophytes, using naturally occurring gametophyte 
populations and populations created under standard 
laboratory sowing and culture conditions. Keeping in mind 
the evidence they provided, Skelton (2007) developed 
hypotheses to explain the discrepancy between field and 
laboratory results and decided to test these experimentally 
in the laboratory to see if they could replicate the higher 
number of males in the population by altering some of the 
laboratory conditions to more accurately reflect conditions 
in nature. 

Interactions between isolated gametophytes, and also 
among gametophytes in populations will result in different 
expression. Peck (1985) pointed out that interactions 
between gametophytes in isolated conditions are different 
from those in populations. Peck (1985) suggests that 
isolated gametophytes may express different: 1) 
germination potential, 2) developmental patterns, 3) sexual 
sequence and expression, and 4) reproductive capability 
than do gametophytes in populations. 

Sex expression of gametophytes is affected by the 
pheromone ‘antheridiogen’. Strain et al. (2001) showed 

how the pheromone antheridiogen secreted by the 
hermaphrodite gametophyte of the fern genus Ceratopteris 
induces male and represses female development in other 
young, sexually undertermined gametophytes. Strain et al. 
(2001) concluded that the presence of antheridiogen leads 
to the activation of the FEM1 gene, which not only 
promotes the differentiation of male traits, but also 
represses female development by activating the NOT1 
gene. NOT1 represses the TRA genes necessary for the 
development of female traits in the gametophyte. 

Sex expression in C. barometz gametophytes can be 
explained within the ESD (Environmental Sex 
Determination) theoretical framework (Figure 4). In 
general, the total percentage of males gametophyte of Cb-5 
with the density of 150-200 individuals per cm2 was lower 
than Cb-2 with the density of 200-250 individuals per cm2. 
The expression of gametophytes of C. barometz is clearly 
affected by gametophyte density. The results regarding sex 
expression agree with the observations of Masuyama 
(1974) and Chiou (1985). Masuyama (1974) and Chiou 
(1985) established that, under favorable growing conditions 
(light, temperature, and humidity), gametophytes grown in  
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Figure 3. Gametophyte of Cibotium barometz (Spore Code: Cb-4) at low population density (1-4 individuals per cm2), 17 weeks after 
sowing. A-B. Gametophytes in isolated condition (one individual per cm2). C-E. Gametophytes in the density of 2 individuals per cm2. 
F. Gametophytes in the density of 4 individuals per cm2. Scale bar = 2.5 mm for all 
 
 
 
 
Table 2. Morphological description of prothallus/gametophytes of Cibotium barometz under in vitro conditions after subculturing, at 
high population density 
 
Morphology Descriptions Sex expression 
Branching filament  Filamentous prothallus, uniseriate, much branching, only one dimension, sustaining 

filamentous architecture, ca. 0.25- 10.00 mm length. 
Asexual 

Ribbon-like shape Ribbon-like prothallus with 2-4 cells wide, to 10.00 mm length and 0.50 mm wide Male 
Spatulate shape Laminar prothallus with spoon form, the basal part consisting of 2 or more cells. 

The spatulate shape is usually composed of 12 or more cells, 1.00- 7.00 mm length 
and 0.01- 2 mm wide. 

Asexual, male, 
female 

Heart shape Normal heart shape, mature prothallus 5.00- 7.00 mm length and 2.00- 5.00 mm 
wide (female); 4.00-13.00 mm length and 3.00-5.00 mm wide (bisexual). 

Male, female, 
bisexual 

Gemmiferous heart shape  Prothallus having heart shape, forming many lobes, on certain parts more than one 
cell thick, its size much larger than the normal heart shape, 13.00-14.00 mm length 
and 8.00-12.00 mm wide; female or bisexual bearing gemmae to produce new 
prothallus. 

Asexual, female, 
bisexual 

Long heart shape Elongated normal heart shape, one cell thick, 5.00-18.00 mm length and 0.05-4.00 
mm wide (male), 8.00-23.00 length and 1.50-3.00 mm wide (bisexual). 

Male, bisexual 

Gemmiferous long heart shape  Elongated heart shape, on certain parts having more than one cell thick, and 
bearing gemmae to form new prothallus; 10.00-12.00 mm length and 4.00-5.00 mm 
wide. 

Asexual, male, 
bisexual 

Gemmiferous irregular shape Prothallus having irregular form, more than one cell thick, much branching and 
forming lobes, bearing gemmae to form new prothallus; 15.00-21.00 mm length 
and 1.00-3.00 mm wide (female); 7.00-26.00 mm length and 1.00-9.00 mm wide 
(bisexual) 

Asexual, male, 
female, bisexual 
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Figure 4. Percentage of morphological variations and sex expression in gametophytes of Cibotium barometz after subculturing. MAS = 
month after subculturing. Asex = asexual. Bisex = bisexual. Number in the round bracket is gametophyte density size per mm2  
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high densities will produce mainly male gametangia, 
whereas low densities of gametophytes favor the 
establishment of female gametangia. The same occurrences 
were also shown in Woodwardia. The sex expression of 
gametophytes of Woodwardia radicans is affected by 
sowing density, by the presence of antheridiogen in the 
culture medium and by the nutritional conditions of 
gametophytes (Carafa 1990). De Soto et al. (2008) also 
showed that stress (limited nutrient supply, crowding) 
affects sex expression in Woodwardia radicans 
gametophytes. It was, in a way, compatible with ESD 
(Environmental Sex Determination). Under good growth 
conditions (low density or high nutrients), gametophytes 
matured sexually at a relatively large size and turned into 
females and subsequently into bisexuals; under harsh 
growth conditions, gametophytes matured sexually at a 
smaller size and turned into males (De Soto et al. 2008).  

In conclusion, germinating spores and sub-culturing 
prothalli of C. barometz under in vitro conditions in a high 
population density has resulted in eight morphological 
types of adult gametophytes. Gametophyte morphology is 
simply “too plastic” to be used in supporting species 
delimitation in ferns if the prothalli is to be cultured in a 
high population density. Sexual expression in C. barometz 
gametophytes can be explained within the ESD 
(Environmental Sex Determination) theoretical framework. 
The sex expression of gametophytes of C. barometz is 
affected by population density, by the presence of 
antheridiogen in the culture medium and by the nutritional 
conditions of gametophytes. The presence of unisexual and 
bisexual gametophytes support the previous study that 
revealed that both intergametophytic and intragametophytic 
selfing occur in C. barometz. 
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mm at 500 μg/mL. These results were in line with traditional used by Dayak tribes in East and North Kalimantan, Indonesia. 
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INTRODUCTION 

Cosmetics are referring to all products used to treat and 
clean human skin and make it more beautiful. The desire to 
use cosmetic products is defending the body, protects from 
environmental effects, and the aging process, change 
appearance, and change for the better body odor. Cosmetic 
products are used by everyone to clean, perfume, protect 
and change the appearance of the skin (Amasa et al. 2012).  

Roosita et al. (2008) reported more than 1300 species of 
medicinal plants used as traditional medicine in Indonesia 
which well known as ‘jamu’. Concerning ‘jamu’, it has 
four functions of medicine such as health care, beauty care 
(cosmetics), tonics, and protection (Soedarsono and Harini 
2002). The traditional medicines provide an interesting and 
largely unexplored source for development of potential 
new drugs or cosmetics. A traditional cosmetic product 
made by the Dayak tribe (Native people in Kalimantan 
island, Indonesia) called ‘bedak dingin’ which sold in 
traditional markets in Samarinda and other cities in 
Kalimantan island, Indonesia (Figure 1), contain some 
medicinal plants for skin-care. 

Based on survey and research in 2012 and 2015 on 
medicinal plants by Medicinal Plant and Traditional 
Medicine Research and Development Center, in various 
ethnic groups in Indonesia, particularly in the East and 

North Kalimantan which recorded 38 species of plants used 
specifically for skin care/cosmetics and 16 of them were 
scientifically identified (Wahyono et al. 2013, 2015). 
Unfortunately, the scientific evidences about those 
medicinal plants have not been known yet. Therefore, in 
the present study the selected medicinal plants were 
validated for their anti bacterial especially against 
Propionibacterium acnes. 

 
 

 
 
Figure 1. ‘Bedak dingin’ a traditional cosmetic made by Dayak 
tribe contain some medicinal plants. 
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MATERIALS AND METHODS 

Reagents  
EtOH, acetone, dimethyl sulfoxide (DMSO), nutrient 

agar, nutrient broth; 2,3,5-triphenyl tetrazolium chloride 
(TTC), chloramphenicol, Dragendorff solution, HCl, 
NaOH, H2SO4, (CH3COO)2Pb, acetone, acetic acid, 
Liebermann-Burchard solution and other chemicals were of 
the highest grade commercially available. 

Plant materials and extraction  
Plant materials such as leaf of Crotalaria pallida, 

Lepisanthes amoena, Premna corymbosa, and Vitex 
pinnata were collected in July-September, 2016 from some 
areas in East and North Kalimantan, Indonesia (Table 1). 
Voucher specimens were identified in Dendrology 
Laboratory and deposited in the Forest Product Chemistry 
Laboratory, Department of Forest Science, Faculty of 
Forestry, Universitas Mulawarman, Samarinda, East 
Kalimantan, Indonesia. The Propionibacterium acnes 
bacteria was used and purchased from South Korea 
(Korean Culture Center of Microorganism, KCCM). 

The leaves were dried at room temperature and 
powdered. The dried materials of L. amoena (25 g), V. 
pinnata (50 g), C. pallida (100 g), P. corymbosa (100 g) 
were extracted with EtOH at room temperature for 48 h. 
The extract solutions were filtered and concentrated in 
vacuo, to obtain the crude extracts 0.58, 2.85, 6.25, and 
11.09 g, respectively. 

Phytochemical analysis 
   Phytochemical analysis was determined for alkaloid, 
flavonoid, and tannin (Kokate 2001), as well as saponin, 
steroid, and terpenoid (Harbone 1984). 

Fungal inoculum preparation 
Propionibacterium acnes from KCCM 41747 (South 

Korea) was used as a test bacteria in agar diffusion 
(nutrient agar and broth)assay. Stock inoculum suspension 
of P. acnes was prepared from 7 to15daysold cultures 
grown on nutrient agar and broth at 28°C. Mature colonies 
were covered with approximately 10 mL of sterile saline 
(0.85%) by scraping the surface with the tip of a Pasteur 
pipette and adjusted to 106 CFU/mL (Kusuma et al. 2010). 

Agar diffusion assay 
Ten milliliter aliquots of sterile nutrient agar and broth 

were transferred to petri dishes and allowed to solidify. The 
plates were inoculated with 10 μL of P. acnes spore 
suspension spread uniformly on the surface of the plates. 
The 20 μL of sample extracts were added to the plate 
containing P. acnes with concentration of 1000, 500, and 
250μg/well. The samples or chloramphenicol (positive 
control)at 1000, 500, and 250 μg/well were put on the 
surface of each inoculated plate. The plates were incubated 
in the dark at 37oC for 72 hours in anaerobe chamber. 
Zones of inhibition around the discs were measured in mm 
(Kusuma et al. 2014). 

Dilution assay   
The Minimum Inhibitory Concentration (MICs) and 

Minimum Bactericidal Concentration (MBCs) of the 
samples were determined by the broth microdilution 
method in 96-well micro-titre plates as described by Lunga 
et al. (2014) with minor modification. The 96-well plates 
were prepared by dispensing into each well 100 μL of 
nutrient broth for P. acnes. Samples and chloramphenicol 
(positive control) were prepared for the final concentration 
of 1250, 625, 312.5 and 156.25 ppm. Then, stock samples 
diluted into 96-well plates as much as 50 mL. Added 100 
mL of nutrient broth and 50 mL of the bacterial suspension 
which has been suspended with distilled water. The 
bacteria were incubated for 24 hours in an incubator at a 
temperature of 37oC. One hour before the incubation 
process was completed, added 50 mL of a solution of 2,3,5-
triphenyltetrazolium chloride (TTC). The red color 
suspension was indicated the bacterium still alive and the 
clear indicated of bacterium inhibition. The clear 
suspension was used for MBC test. The MBCs were 
determined as follow: 50 μL from the clear suspension was 
taken and put in 96-well plates which contained 100 μL of 
nutrient broth. The bacteria were incubated for 24 hours in 
an incubator at a temperature of 37oC. One hour before the 
incubation process was completed, added 50 mL of a 
solution of 2,3,5-triphenyltetrazolium chloride (TTC). All 
tests were performed in duplicates. 

RESULTS AND DISCUSSIONS 

Plant materials  
Acne is a disease that most often affects the skin, 

although acne usually manifested attacking teenager and 
middle-aged, the study epidemiology mention that acne 
does not have a lifespan to attack humans. Acne is most 
common in between the time of puberty age (16-18 years) 
up to the age of 30 years (Sparavigna et al. 2015). Acne 
affects ~80% of teenagers and young adults and ~650 
million people in global, thus making it one of the top ten 
most common diseases entire world. It is caused by P. 
acnes that resides within the pilosebaceous follicles, 
adjacent to the glands of sebaceous. Although it is still 
unknown what triggers it, the overproduction of sebum by 
these glands, or the blockage of follicles, causes the 
overgrowth of P. acnes , which causes inflammation in the 
skin (Dinant and Boulos 2016). Several medicinal plants 
are traditionally used by Dayak people for skin 
care/cosmetics, including Crotalaria pallida, Lepisanthes 
amoena, Premna corymbosa, and Vitex pinnata (Wahyono 
et al. 2013, 2015). 

The Lepisanthes is a widespread and variable genus in 
the family Sapindaceae, has about 24 species. The 
distribution ranges from tropical Africa, Madagascar, Sri 
Lanka, India, China (Hainan), through Malesia to New 
Guinea and north-western Australia (Boonsuk and 
Chantaranothai 2016). This plant has antimicrobial 
properties, as well as antifungal, antioxidant, and 
antityrosinase (Batubara et al. 2010; Harlinda et al. 2012). 
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The genus Vitex approximately includes 270 known 
species of trees and shrubs within tropical and sub-tropical 
regions, although few species may be found in temperate 
zones. Several Vitex species are used as folk remedies such 
as alleviate dysentery, analgesic, anti-inflammatory, the 
treatment of scorpion stings, diarrhea, stomach ache,

 

gastrointestinal affections, antimalarial, antimicrobial, 
antifungal, antioxidant, and antityrosinase (Arung et al. 
2009; Meena et al. 2010). 

The Crotalaria belongs to Fabaceae and contains about 
550 species. The habits are vary from shrubs to herbs and 
the genus is common in the tropics and subtropics, with the 
greatest number of species occurring in Africa. One of the 
important fiber and green manure crops is Crotalaria 
juncea L. Several other economically important species are 
C. intermedia Kotschy, C. mucronata Desv. (syn. C. striata 
DC.), and C. retusa L., which are grown as green manures, 
forages, and ornamentals. Many species of Crotalaria 
contain alkaloids toxic to animals but some are not (Wang 
et al. 2002). Govindappa et al. (2011) was reported this 
plant has function for antimicrobial, antioxidant, anti-
inflammatory, anti lipoxygenase, anti xanthine oxidase, 
anti acetylcholinesterase.   

The genus Premna (Verbenaceae) is widely distributed 
in tropical and subtropical regions of Africa, Asia, 
Australia and the Pacific islands and has about 10-20 
species. The various medicinal uses reported for this genus 
are for treating diabetes, chyluria, gonorrhea, inflammation, 
swelling, bronchitis, dyspepsia, headache, liver disorder, 
piles, constipation and fever. Some pharmacological 
studies have revealed that the plant possess anti-coagulant, 
anti-inflammatory, anti-arthritic, antinociceptive, 
hypoglycemic, gastroprotective, antimicrobial properties 
and cardioactivity (Suresh t al. 2011; Bose et al. 2013). 

Phytochemical constituents 
Alkaloids, flavonoids, tannins, steroids, terpenoids and 

saponins are class of phytochemicals plant extracts tested 
in this research. In Table 2, L. amoena extract contained 
alkaloids, flavonoids and steroids. According to Herman 
(2013), the leaf of this plant contains alkaloids, phenols, 
tannins and saponins. In addition, Pramana and Saleh 
(2013) isolated the steroid compounds from these leaves.  

Phytochemicals leaf extract of V. pinnata contained 
alkaloids, flavonoids, tannins, and triterpenoids. In 
connection with the results of phytochemical V. pinnata 
leaves, Meena et al. (2010) was reported that the Vitex 
genus containing iridoid compounds, flavonoids, 
diterpenoids, and steroids from various parts of the plant 
(leaves, bark and wood). 

In this study, C. pallida leaf extract contains alkaloids, 
flavonoids, tannins and steroids. The content is in line with 
those reported by Govindappa et al. (2011), by stating that 
the ethanol extract of C. pallida all parts of the plant 
contain alkaloids, flavonoids, tannins, steroids, terpenoids, 
saponins, and phenol. In addition it was reported also by 
Cogni and Trigo (2016) that has been isolated alkaloid 
from the leaf and fruit of C. pallida. 

The results of the phytochemical extracts of P. 
corymbosa leaf contained alkaloids, flavonoids, tannins, 
steroids and triterpenoids. Radhika et al. (2013) was 
reported that P. corymbosa leaf contain alkaloids, 
flavonoids, phenols, tannins, carbohydrates, terpenoids, 
coumarin and quinones. In addition, Otsuka et al. (1993) 
managed to isolate iridoid compounds (class 
monoterpenoid) from leaf extract. Differences that occur 
between the results of studies with some of the research 
that has been reported previously possible due to the 
different parts of the plant used, where samples were 
grown, and other factors. The inhibition both extracts C. 
pallida and V. pinnata on P. acnes might be related with 
their phytochemicals as explained above. 

Propionibacterium acnes inhibitory  
Table 1 presented the selected plants that use by the 

Dayak tribe (indigenous people of Borneo/ Kalimantan 
island) for cosmetic or skin treatment in their daily life and 
all of them is used for anti-acne. Therefore, anti P. acnes 
bacteria assay was performed to validate its application use 
as seen in Table 3. 

Extracts of C. pallida, V. pinnata, and P. corymbosa 
had a zone inhibition effect on the growth of P. acnes with 
range were about 11-17 mm, and L. amoena was about 10 
mm at the highest concentration while Chloramphenicol as 
positive control was 29.44 mm (Table 3). Extracts of C. 
pallida has not been reported to inhibit the growth of P. 
acnes. The V. pinnata extract against P. acnes has not been 
reported, but Patil et al. (2012) reported that extracts of V.  
negundo inhibit the activity of the enzyme lipase in P. 
acnes by 50% at a concentration of 19 μg/mL. The ethanol 
extract of Premna emblica reported by Rattanasena (2012) 
to inhibit P. acnes without mentioning the value of 
inhibition and concentration. Extract of P. corymbosa also 
not yet been reported by other researchers. Over all, the 
inhibition of P. acnes growth in order was V.pinnata>C. 
pallida>P. corymbosa>L. amoena, respectively. Based on 
Aires et al. (2009), all extracts were classified in the 
classification of moderate because the inhibitory zone was 
0 <inhibition zone samples <antibiotic inhibition zone. In 
addition, MIC and MBC of all extract was done and none 
of them was reported previously (Table 4), and the MIC 
and MBC order were C. pallida>V. pinnata>L. amoena>P. 
corymbosa respectively. Related to MIC and MBC several 
medicinal plants of India (Patil et al. 2012), Korea (Kim et 
al. 2008b), and Indonesia (Batubara et al. 2009) were 
reported to have MIC and MBC potential against P. acnes. 
The inhibition of leaf extract from C. pallida may cause by 
some compounds contained in this plant such as 
pyrrolizidine alkaloids (Martins et al. 2015), peptides 
(Pelegrini et al. 2009), flavonoids (Ko et al. 2004) or others 
compound. The V. pinnata extracts inhibited P. acnes can 
be affected by iridoids, flavonoids, ecdysteroids, pinnata 
sterones or others compound (Ata et al. 2009; Meena et al. 
2010). 
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Table 1. The traditional uses of selected medicinal plants from Kalimantan island 
 

Scientific name Family Local name Traditional utilization Plant parts 

Lepisanthes amoena (Hassk.) 
Leenh., Blumea 

Sapindaceae Selekop General: skin treatment  
Specific: reduce skin stained and anti acne 

Young leaf 

Vitex pinnata L. Verbenaceae Kelepapaaq General: skin treatment  
Specific: anti acne 

Young leaf 

Crotalaria pallida Aiton Fabaceae Belaluq lasooq Specific: anti acne Leaf 
Premna corymbosa (Burm.f.) 
Rotti.&Willd. 

Lamiaceae Singkil General: skin and hair treatment  
Specific: anti acne (Leaf) 

Leaf 

 
 
 
Table 2. Phytochemical analysis of plant extracts having anti-acne properties 
 
Sample Alkaloid Flavonoid Tannin Steroid Triterpene Saponin 

L. amoena + + − + − − 
V. pinnata + + + − + − 
C. pallida + + + + − − 
P. corymbosa + + + + + − 
Note: (+) presence, (−) absence. All experiments was repeated twice 
 
 

 
Table 3. The effect of plants extracts on growth inhibition of 
Propionibacterium acnes  
 

Sample Concentration 
(μg/well) 

Inhibition zone 
(mm) 

L. amoena 1000 9.33 
 500 8.56 
 250 8.89 
V. pinnata  1000 16.44 
 500 15.89 
 250 13.44 
C. pallida 
 

1000 13.78 
500 11.33 
250 11.11 

 250 10.67 
P. corymbosa 1000 11.00 
 500 9.44 
 250 0.00 
Chloramphenicol 
(positive control) 

500 29.44 

 
 
 

Table 4. The Minimum Inhibition Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) against P. acne 
 

Sampel MIC (μg/mL) MBC (μg/mL) 

L. amoena 1250 >1250 
C. pallida 156.25 156.25 
V. pinnata  312.5 312.5 
P. corymbosa >1250 >1250 
Chloramphenicol 
(positive control) 

<78.125 <78.125 

 
 

In conclusion, the interest is huge to know whether 
medicinal plants used for skin treatment especially for anti 
acne and it might be useful in modern formulations. In the 
present study, the evaluation of L. amoena, C. pallida, V. 
pinnata, and P. corymbosa extracts against P. acnes 
bacteria was in line with the application of these plants by 
local inhabitants life in East and North Kalimantan. 
However, the active compounds still unknown and further 
analysis is needed. 
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Abstract. Siregar HM. 2017. The conservation of native, lowland Indonesian Begonia species (Begoniaceae) in Bogor Botanic Gardens. 
Biodiversitas 18: 326-333. Indonesia has a diversity of indigenous (i.e. wild type) Begonia species that have never been artificially 
hybridized. They are usually situated in tropical rain forests, from the lowlands to the uplands (2400 m asl.). There are many Begonia 
species that have not yet been collected and conserved ex-situ. Hence exploration and conservation of this diversity needs to be 
exensively pursued. The conservation of lowland adapted Begonia has been carried out for the last ten years in the Bogor Botanic 
Gardens. The research reported here developed an inventory of the Begonia collection held in the green house of the Bogor Botanic 
Gardens nursery. The method used was a study of the plant expedition database which contains collection lists, locality of their 
discovery and ecological data for the localities. Plant collection registration, acclimatization, propagation and collection care were 
documented. Bogor Botanic Gardens has conserved 124 collections of Begonia, made up of 93 indigenous species and 31 exotic species. 
The reported origins for the collection are as follows: Java (9 accessions), Sumatra (37 accessions), Kalimantan (5 accessions), Sulawesi 
(11 accessions), Maluku (15 accessions), Papua (4 accessions), Bali and West Nusa Tenggara (6 accessions ) and East Nusa Tenggara (6 
accessions). These wild Begonia have prospects for development as new ornamental plants and also as genetic material to research the 
creation of new Begonia varieties through artifial hybridization. 

Key words: Begonia, Begoniaceae, Conservation, Bogor Botanic Gardens 

INTRODUCTION 

Bogor Botanic Gardens has a long history as a facility 
for the ex-situ conservation of tropical plant life. It has a 
collection of plants organized according to taxonomic, 
bioregional and thematic principles, or a combination of 
these, for the purposes of conservation, research, education, 
tourism, and environmental services (Indonesian 
Presidential Regulation Number 93 of 2011 on the Botanic 
Gardens). Botanic gardens are institutions well-suited to 
the conservation of wild plant species and for developing 
their untapped potential to serve human needs.  

Bogor Botanic Gardens as an institution for lowland 
plant conservation has conducted many exploration 
expeditions over the years to save threatened species and 
other plants that have known potential uses or are 
otherwise of interest. Currently, the gardens has a 
collection of 15,000 species of plants which are planted on 
an area of 87 hectares. The discovery of new species and 
varieties such as of orchids, begonias, and Rafflesia during 
botanic exploration is expected to stimulate research 
activities leading to opportunities for developing new 
useful plants including some with potential commercial 
value. This is one of the outputs expected from plant 
conservation institutions such as the Bogor Botanic 
Gardens (Siregar, 2013). 

Besides orchids, Indonesia has many types of wild 
species from which can be developed new ornamental 
plants. This is part of the justification of research efforts 

aimed at preserving the potential of Indonesian plant 
diversity. In the past, Begonia did not receive much 
attention from the floriculture industry. However, the 
Begoniaceae is a family of flowering plants with significant 
diversity within Indonesia and has become more popular in 
recent years because of its spectacular ornamental 
characteristics. Thus, there has been increasing interest in 
developing the potential of the genus for ornamental 
purposes. This has necessitated new initiatives in 
biodiversity exploration, sustainable collection activity and 
careful ex-situ cultivation, in order to conserve and develop 
species of Begonia with ornamental and other potential 
uses (Siregar, 2013). 

Based on taxonomic records, there are currently 1825 
species of Begonia, worldwide. These species are spread in 
the tropics and subtropics of Asia, America and Africa 
(Hughes et al. 2016; Kiew 2005). Indonesia is one of the 
centers of Begonia diversity in Southeast Asia. The number 
of species is now estimated to be more than 200, which are 
distributed from Sumatra to Papua, including in addition to 
the main islands numerous small islands. The island of Java 
has 15 species of indigenous Begonia, Sumatra 63 species, 
Kalimantan 8 species, Sulawesi 44, and Irian (New Guinea) 
70 species (Ardi et al. 2014; Hughes et al. 2015a,b; 
Thomas et al. 2016). Begonia can be found in various types 
of habitat, ranging from karst hills and lowland tropical 
rain forests, up to mountain sites 2,400 m in asl.. 

Bogor Botanic Gardens has a strategic role in the 
conservation of Indonesian plant species, including 
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Begonia species. Ten year ago, there were only five 
collection items of Begonia species cultivated in the Bogor 
Botanic Gardens (Inggit et al. 2001; Sari et al. 2010). These 
were B. isoptera Dryand. ex Sm. (Java), B mexicana G. 
Karst. ex Fotsch (Mexico), B. popenoei Standl. (Honduras), 
and Begonia sp. (Sumatra) planted in VAK XI and XIV 
(Sari et al. 2010). During the last ten years, with intensified 
exploration in the forest areas of Indonesia and through the 
program of development of ex-situ conservation in regional 
botanic gardens, the number of species in the Begonia 
collection has increased significantly. 

A well-managed Begonia conservation efforts is very 
important for its survival, because habitat destruction is 
still going on, and the quality of Begonia habitat keep 
declining due to illegal logging and conversion of land to 
plantation. B. eiromischa Ridl. is an example of an extinct 
Begonia species as a result of habitat loss in Malaysia, 
while B. socotrana Hook. F. and B. samhaensis M. Hughes 
are examples of endangered species on Socotra Island, 
Yemen (Lucas and Synge 1978, Hughes and Miller 2002; 
Kiew 2005). Begonia is an important genus on which to 
concentrate conservation efforts, since it meets several ex-
situ conservation criteria, such as its high level of local 
endemism, its unique characteristics, the feasibility of its 
reintroduction into natural habitat, and its economic value 
as an ornamental plant. 

The research described in this paper, aimed to develop 
an accurate inventory of all Begonia species from past 
botanical exploration and to identify potential species to be 
domesticated and developed as new ornamental plants 
through artificial hybridization. The results are expected to 
be used as the initial step in determining more 
comprehensive conservation strategies for Begonia in the 
future. 

MATERIALS AND METHODS 

  The study was conducted in the Bogor Botanic 
Gardens greenhouse of the Center for Plant Conservation -
Botanic Gardens, Indonesian Institute of Sciences (LIPI), 
Bogor, West Java, Indonesia. The method used was direct 
observation and inventorization of all native Begonia in the 
collection (Expedition reports, Hartutiningsih 2008, Ardi 
and Hughes 2010). The plants were acclimatized in the 
greenhouse nursery, planted in plastic pots of diameter 25 
cm with a mixed medium of soil and compost ratio of 1: 1, 
and placed in a closed container for 90 days to form buds 
and to open gradually over 60 days, stimulating the plant to 
adapt to this new environment (Hartutiningsih 2008). All 
collections were observed morphologically and records 
were taken of such things as the shape of the whole plant 
stature, its stem color, its height, segment length, leaf 
shape, leaf size, leaf color, inflorescence details, male 
flowers, female flowers, etc. The taxonomic identification 
of the collection was done by refering to Kiew (2005) and 
Tebbitt (2005), as well as herbarium specimens at the 
Herbarium Bogoriense, Research Center for Biology, 
Indonesian Institute of Sciences (LIPI), Cibinong Science 
Center, West Java, Indonesia. 

RESULTS AND DISCUSSION 

Begonia can be easily recognized by several specific 
character combinations: in general, they are perennial 
monoecious herbs with asymmetric leaves, are stipulate and 
have unisexual flowers, petal-like sepals (tepals), centripetal 
stamen development, cellular calcium oxalate crystals, and 
seeds with a seed lid and collar cell and very little endo-
sperm (Tebbitt 2005). Most Begonia have asymmetrical 
leaves, which means that if the leaves are split into two, 
one side is larger than the other side. This trait is genetic so 
that just from looking at the shape of leaves, Begonia can 
easily be distinguished from other plant species (Kiew 2005). 

Based on the results of research, observation and 
inventorization, 93 collection numbers are recognised for 
the Begonia collection in Bogor Botanic Gardens, of which 
77 species are distinct species. Twenty-seven have recently 
been identified and published as new species, among which 
are B. puspitae Ardi, B. simolapensis Ardi and B. olivacea 
Ardi coming from Sumatra, B. sendangensis Ardi from 
Lombok, B. siregarii Ardi & Thomas from Sulawesi, B. 
aketajawensis Ardi & Thomas, B. holosericeoides Ardi & 
D.C. Thomas, B. galeolepis Ardi & D.C. Thomas of 
Maluku. The undescribed species will continue to be 
researched, in order to ensure the high scientific value of 
the collection. The results of the inventory of Indonesian 
lowland native Begonia species in the Bogor Botanic 
Gardens nursery are presented in the Table 1.  

Based on the recorded places of origin, the Begonia 
collection comes from the following parts of Indonesia: 
Java Island (9 accessions), Sumatra (37 accessions), 
Kalimantan (5 accessions), Sulawesi (11 accessions), 
Maluku (15 accessions), Papua (4 accessions), Bali and 
Nusa Tenggara Barat (6 accessions) and Nusa Tenggara 
Timur (6 accessions). These numbers are still below 
expectation, when compared to the database for Begonia 
according to Hughes et al. (2015a) who have reported that 
Indonesia has more than 200 species in total. This total 
number is expected to be more than doubled in future 
because there are still many new species waiting to be 
described, based on observation of herbarium specimens in 
the Herbarium Bogoriense, in Edinburgh and in Kew, as 
well as in the online Begonia database. 

Generally, Begonia species have limited distribution 
areas, i.e. high levels of endemism. For example, 83% of a 
total of 63 species found to date in Sumatra are endemic 
species, while 88% are endemic out of a total of 44 species 
in Sulawesi, and 62% of the total of 8 species currently 
known in Maluku (Hughes et al. 2015a,b; Undaharta and 
Ardi 2016). As for the collection conserved on Bogor 
Botanic Gardens, 98% of the total are endemic to 
Indonesia; some endemic on several islands, others on a 
single island, and yet others limited to a very specific area 
such as particular mountains or hills. Endemic species are 
generally prone to become rare or extinct, because they 
have a limited distribution and specific adaptations. One 
species that is known to have become extinct is B. 
eiromischa, which was formerly known from a single 
location in Penang, Malaysia. The extinction was caused by 
habitat loss caused by land conversion to agriculture (Kiew 
2005). 
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Table 1. The collection of lowland native Indonesian Begonia in the Nursery of Bogor Botanic Gardens, Indonesia 
 

Species Collector 
number Locality Amount Habitus 

Begonia augustae Irmsch. DW 1328 Waigeo, West Papua 6 CL 
Begonia aberans Miq. SUBOE 21 Sumatra 1 CL 
Begonia aketajawensis Ardi & D.C. Thomas YY 64 Halmahera, Maluku 3 TS 
Begonia atricha Miq. SUBOE 56 Sumatra Seedling CL 
Begonia bimaensis Undaharta & Ardhaka KRE Bima, West Nusa Tenggara 4 T 
Begonia baliensis Girm.  KRE Bali 1 CL 
Begonia beludruvenea M. Hughes WA 09 West Sumatra  1 CL 
Begonia coriaceae Hassk. HT21 Karangasem, Bali 12 Rh 
Begonia dolichocarpa Girm. PWH 337 TNBT, Sumatra 3 CL 
Begonia droopiae Ardi  WA 08 West Sumatra 2 Rh 
Begonia galeolepis Ardi & D.C. Thomas KRE Seram, Maluku (Ceram, Moluccas) 10 TS 
Begonia galeolepis Ardi & D.C. Thomas KRE Seram, Maluku 2 TS 
Begonia holosericeoides Ardi & D.C. Thomas YY 290 Halmahera, North Maluku 0 TS 
Begonia hooveriana Wiriad. KRME Enrekang, South Sulawesi 10 CL 
Begonia hooveriana Wiriad (green) KRE Makale, Sulawesi 2 CL 
Begonia heteroclinis Miq. Iz. s.n Minahasa, North Sulawesi 4 TS 
Begonia holosericea (Teijs. & Binn.) Teijs.& Binn. Iz. s.n Ternate, North Maluku  4 TS 
Begonia holosericeoides Ardi & D.C. Thomas YY 137 Halmahera, North Maluku 7 TS 
Begonia isoptera Dryand. ex Sm. KRB Java 2 CL 
Begonia isoptera Dryand. ex Sm. Greg. H. G. Payung, TNUK, West Java 2 CL 
Begonia isoptera Dryand. ex Sm. IP TNUK, West Java 2 CL 
Begonia isoptera Dryand. ex Sm. WA 11 Bodogol, West Java 2 CL 
Begonia isoptera Dryand. Ex Sm. SUBOE 74 Tanggamus, Lampung, Sumatra Seedling CL 
Begonia isoptera Dryand. ex Sm. ex Sm. SUBOE 95 Lampung, Sumatra 5 CL 
Begonia isoptera Dryand. ex Sm. ex Sm. HR Enggano, Bengkulu, Sumatra 5 CL 
Begonia isoptera Dryand. ex Sm. WA 01 Cibodas, West Java 1 CL 
Begonia karangputihensis Girm. CP 66 West Sumatra 1 Rh 
Begonia kemumuensis M. Hughes SUBOE 68 Sumatra 1 Rh 
Begonia kudoensis Girm. CP 66 West Sumatra 1 Rh 
Begonia lepida Blume WA 12 Bodogol, West Java 5 CL 
Begonia laruei M. Hughes  WA 13 North Sumatra 2 CL 
Begonia longifolia Blume HH 116 North Sumatra 1 CL 
Begonia lugra Ardha & Undaharta KRE Bali 2 Rh 
Begonia longifolia Blume WA Curug Nangka, West Java 1 CL 
Begonia longifolia Blume HT 03 Cikaniki, West Java 1 CL 
Begonia mollis A.DC DN. S.n Bengkulu, Sumatra 4 Rh 
Begonia manuselaensis Ardhaka & Ardi KRE Seram, Maluku 4 TS 
Begonia natunaensis C. W. Lin & C.-I Peng HT 16 West Sumatra 3 Rh 
Begonia nephrophylla Undaharta & Ardi (ined) KRE Seram, Maluku 10 TS 
Begonia olivaceae Ardi WA 15 West Sumatra 12 Rh 
Begonia ozotothrix D.C. Thomas Sopian s.n Enrekang, South Sulawesi 1 CL 
Begonia ozotothrix D.C. Thomas WA 04 South Sulawesi 1 CL 
Begonia oblongifolia Stapfl. MM.101 West Kalimantan 4 CL 
Begonia puspitae Ardi CP 134 West Sumatra 5 Rh 
Begonia puspitae Ardi DM 1742 West Sumatra 17 Rh 
Begonia pseudomuricata Girm  Deden G. Bali 3 Rh 
Begonia pasamanensis M. Hughes TT972 West Sumatra 5 Rh 
Begonia rubra Blume KRE Seram, Maluku 4 Rh 
Begonia stenogyna Sands RL 256 West Kalimantan 3 CL 
Begonia sageaensis Wiriad. YY 202 Halmahera, Maluku 5 TS 
Begonia sublobata Jack CP 33 West Sumatra 6 Rh 
Begonia simolapensis Ardi WA 14 North Sumatra 6 Rh 
Begonia stictopoda Miq. WA 18 North Sumatra 2 Rh 
Begonia stictopoda Miq. WA 06 R. Panti, West Sumatra 2 Rh 
Begonia stictopoda Miq. SUBOE 22 Sumatra Seedling Rh 
Begonia stictopoda Miq. SUBOE 31 Sumatra Seedling Rh 
Begonia siccacaudata J. Door. MN 907 South Sulawesi 4 T 
Begonia scottii Tebbitt SUBOE 80 Lampung, Sumatra  1 Rh 
Begonia sabahaensis Kiew & J.H. Tan DO 1347 South Kalimantan  4 Rh 
Begonia sudjanae Janson. Sumbangan  Sumatra 10 Rh 
Begonia siregarii Ardi & D.C. Thomas RI 1367 South Sulawesi 1 CL 
Begonia sendangensis Ardi SH 1059 Lombok, West Nusa Tenggara 5 T 
Begonia triginticolium Girm. PWH 341 TNBT, Sumatra 3 CL 
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Begonia teysmaniana (Miq.) Tebbitt. KRC Sumatra 2 Rh 
Begonia trichopoda (Mig.) Mig SUBOE 32 Sumatra  Seedling Rh 
Begonia sp.nov. "fairchildii" YY 257 Halmahera, North Maluku 2 CL 
Begonia sp.nov "viridifolia"  YY 280 Halmahera, North Maluku 4 TS 
Begonia sp.nov. "spectabilis" YY 351 Halmahera, North Maluku 4 TS 
Begonia sp. (Kelimutu)  HT 20 Kelimutu, East Nusa Tenggara 3 CL 
Begonia sp.nov "moluccana" YY 123 Halmahera, North Maluku 3 CL 
Begonia sp.nov. aff. hooveriana WA 05 South Sulawesi 1 CL 
Begonia sp. cf. stictopoda WA 07 Agam, West Sumatra 5 Rh 
Begonia sp. "hybrid lepida isoptera" WA 10 Bodogol, West Java 12 CL 
Begonia cf. caespitosa KRC Sumatra 2 Rh 
Begonia sp. aff. arfakensis KRE Papua 2 CL 
Begonia sp.nov. "MA 15" KRE Seram, Maluku 10 TS 
Begonia aff. stictopoda Miq. DN. S.n Bengkulu, Sumatra 4 Rh 
Begonia sp. nov. Deden G. Sumbawa, West Nusa Tenggara 9 T 
Begonia sp (Randi) Sumbangan West Sumatra 2 CL 
Begonia aff. gemella Deden G. Luwuk, South Sulawesi 3 TS 
Begonia sp. (Mamuju) Deden G. Mamuju, West Sulawesi 2 CL 
Begonia sp. (Enrekang) KRME Enrekang, South Sulawesi 6 CL 
Begonia sp. (Lampung) SY TNBBS, Sumatra 1 CL 
Begonia sp. aff. naumoniensis AM 4 Sorong, West Papua 4 CL 
Begonia sp. (inggitiae) IP Central Kalimantan  2 TS 
Begonia sp. HR.818 P. Mursala, Sumatra 1 Rh 
Begonia sp. YY 391 Sumba, West Nusa Tenggara 3 Rh 
Begonia sp. YY 392 Sumba, West Nusa Tenggara 3 Rh 
Begonia sp. YY 429 Sumba, West Nusa Tenggara 3 Rh 
Begonia sp. PWH 351 TNBT, Sumatra 3 Rh 
Begonia sp. IY 044 Tambrauw, West Papua 1 CL 
Begonia sp. HR.768 P. Mursala, Sumatra 8 Rh 
Begonia sp. YI 20002 East Kalimantan 2 CL 
Notes: CL (cane like) erect stem Begonia, Rh (rhizomatous) stem rhizomatous, T (tuberous) bulbous, TS (trailing scandent) creeping 
stem. Source: Expedition reports (Ardi and Hughes 2010; Ardi 2014; Hughes 2009; Hartutiningsih 2008; Thomas 2012; Thomas et al. 
2011; Wiriadinata 2012) 
 
 

 
Based on the observation of stem morphology in the 

native Begonia collection at Bogor Botanic Gardens, the 
habit of Begonia species can be classified into four types; 
they are erect or cane-like Begonia, rhizomatous Begonia, 
tuberous Begonia, and creeping or trailing scandent 
Begonia.  

There are 39 species of cane-like Begonia. The group is 
characterized by erect and upward growth of soft or woody 
stems that can grow up to two meters long (B. aptera, B. 
isoptera, B. hooveriana, B. brevirimosa). These groups are 
commonly found growing terrestrially on the shady forest 
or along rocky river banks. The adaptability of cane-like 
Begonia species is better than others, especially the erect 
woody stem habit of B. hooveriana which is collected from 
Tana Toraja, South Sulawesi, at 800 m asl. (Wiriadinata 
2013). This species is very adaptable and easily propagated 
in the nursery environment of Bogor Botanic Gardens. 

The second group is the rhizomatous Begonia. This 
group has a distinctive character, with stems that grow 
creeping over the surface of the substrate, and generally 
with very dense nodes. Apart from being able to grow 
terrestrially, this group can also grow on either horizontal 
or vertical limestone rocks. There are 35 species in this 
group that are successfully conserved in the Botanic 
Gardens, among which are B. puspitae, B. sudjanae. B. 
coriaceae, B. stictopoda, and B. lugrae.  

The third group is that of bulbous Begonia (tuberous 
Begonia). The number in this group is very few, less than 7 

species known in Indonesia; most of them are seasonal 
plants that are adapted specifically to dry areas such as 
karst. These species will usually start to go dormant at the 
end of the rainy season, but sometimes they are not 
completely dormant but grow much slower with smaller 
and fewer leaves. Examples of this type that have been 
collected include B. tenuifolia, B. bimaensis and B. 
sendangensis. 

Scandent trailing Begonia species i.e. with creeping 
stems (TS = trailing scandent) are found in eastern 
Indonesia such as in Sulawesi, Maluku and Kalimantan. 
Currently, Bogor Botanic Gardens has managed to 
conserve 16 species, some of which are new species 
recently described such as B. galeolepis, B. manuselaensis 
and B. nephrophylla, while some others are still under 
observation. 

Begonia potential 
Wild Begonia species generally have a simple leaf 

shape not especially attractive. However, there are some 
species of wild Begonia that can be enjoyed directly due to 
their interesting leaf shape or stature, which means that 
they potentially can be developed as ornamental plants. 
Beautiful wild Begonia species with unique characters such 
as B. brevirimosa, B. droopiae, B. holocericeoides and B. 
puspitae can be used as a genetic resource for developing 
new ornamental plant varieties through artificial 
hybridization.  
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Begonia rex cultorum is a good example of a popular 
exotic Begonia. This group has many variations of leaf 
shape and beautiful colouration, and species in this group 
are mostly grown as indoor plants. Another example of a 
popular exotic Begonia is B. cucullata, a species which is 
very famous for its flowering habit. This plant has been 
used widely as a bedding plant for garden landscaping, 
such as in the attractive, iconic, bird-shaped garden at 
Taman Bunga Nusantara which was created using 20,000 
planted pots of B. cucullata. 

Apart from uses as ornamental plants, some species of 
Begonia are also used as traditional medicinal plants; such 
as B. glabra used as an antiseptic to heal flesh wounds; B. 
fimbristipula used as a fever and cough medicine and as a 
medication to ease menstrual pain. B. grandis is used in 
herbal medicines to clean wounds, reduce swelling and to 
treat a number of diseases. There are also species used as 
vegetables such as B. lailana, B. baramensis, B. stenogyna, 
B. lazat and B. comestibilis (Tebbit 2005; Thomas and Ardi 
2011; Kiew et al. 2015). In Indonesia, B. robusta and B. 
multangula having a sour acidic taste are often used as 
substitutes for sour vegetables. Type B. baliensis, endemic 
to Bali, is also used as a salad vegetable and cough 
medicine (Hartutiningsih et al. 2013). 

Propagation 
Generally, Begonia species can reproduce in two ways, 

generatively and vegetatively. In its natural habitat, 
Begonia usually reproduces generatively by seed, and 
sometimes also multiplies vegetatively by producing 
suckers or forming plantlets on the fallen leaves. In 
cultivation, Begonia is relatively easy propagated by stem 
or leaf cuttings, and also by seed. Sexual reproduction 
producing seed is usually employed for increasing genetic 
diversity or for developing new varieties by cross 
hybridization, whereas vegetative reproduction is used for 
propagating F1 hybrids or to get mature plants faster. 

Description of selected species 
Below are selected species from the Bogor Botanic 

Gardens collections that have been recently published as 
new species (Figure 1). 

Begonia aketajawensis Ardi & Thomas (Ardi et al. 2014) 
Description: Perennial herbaceous plant, stem creeping 

and growing on the surface of the substrate, hairy on stem 
and petioles. Leaves alternate, lamina asymmetric, obovate 
to orbicular, 8.8-12 × 8.5-11 cm, green, variegated, margin 
fringed, base cordate, lobes sometimes overlapped, apex 
rounded. Male inflorescence arranged in panicles, with 2-4 
flowers, white. The male flower has four tepals and female 
flowers 5-6 tepals.  

Notes: This species has an interesting leaf shape which 
makes it suitable as an ornamental pot plant. The specific 
name of aketajawensis is taken from the type locality 
where this species was collected, Aketajawe-Lolobata 
National Park, in Halmahera. 

Habitat: The species is found growing vertically on 
half-or fully-shaded limestone karst walls, 100 m asl. 

Distribution: Endemic to Halmahera, in Aketajawe 
Lolobata National Park. 

Begonia droopiae Ardi (Ardi and Hughes 2010) 
Description: Perennial monoecious herb with 

rhizomatous stems. Leaves alternate. Lamina very 
asymmetric, ovate, 3.5-9.5 × 2-6.8 cm, adaxial glabrous, 
purplish-green to dark purple between the veins, bullate, 
veins green, abaxial surface pale green to dark purple 
between the veins, hairy on the veins, marine crenate, base 
cordate, lobes not overlapped, apex acuminte. 
Inflorescence axilary, bisexual. The male flowers have four 
tepals, white, hairy on its outer surface. Female flowers 
have tepals, white, fruit with three equal wings.  

Notes: The small stature and beautiful leaf pattern 
makes this species suitable for use as a terrarium 
ornamental plant. 

Habitat: This species grows vertically on shaded 
limestone walls or at the mouth of caves, 200 m asl. 

Distribution: Endemic to West Sumatra, in the Batang 
Pangean limestone hill, Nagari Solok Ambah, Sawah 
Lunto. 

Begonia galeolepis Ardi & D.C. Thomas (Ardi and 
Thomas 2015) 

Description: Perennial monoecious herbs with creeping 
stems and semi erect, up to 40 cm long, all vegetative parts 
with sparse to moderately dense indumentum of 
multicellular, fleshy, appressed, red scales, except the 
upper surface of leaves. Stipules oval to triangular, edges 
slightly rolled up, persistent. Leaves alternate, lamina very 
asymmetrical, ovate to suborbicular, 16-23.8 × 12.5-17.2 
cm, adaxially dark green or reddish, gloosy, abaxial paler, 
margin dentate, base coradate, lobes overlapped, apex 
acuminate male inflorescence is arranged in panicles, 
distale to female. Male flower with 4-11 cm long pedicels, 
tepals two, broadly ovate, white tinged pink. Female 
flowers with five tepals, obovate, pink.  

Notes: The specific name “galeolepis” is derived from 
Greek Galeos (shark) and “Lepis” (scale), refers to the red 
fleshy flattened scale which resembles shark scales 
(placoid). This species has a unique leaf shape, making it 
suitable as an ornamental pot plant.  

Habitat: The species grows on the vertical moist 
limestone rocks on riverbanks, shaded or half-shaded.  

Distribution: Endemic Seram, Manusela National Park, 
Seram. 

Begonia holosericeoides Ardi & D.C. Thomas (Ardi and 
Thomas 2015) 

Description: Perennial monoecious herb with creeping 
stem and semi erect, hairy on the stem and petioles, thick 
and branched. Leaves alternate, lamina, asymmetric, ovate, 
15-15.5 x 10.5-11 cm, adaxially reddish green to red, 
variegated with silver bands or spots between the veins 
sometimes fused forming a band along the margin, abaxial 
pale green, margin fimbriate, base cordate and lobes not or 
slightly overlapping, apex acuminate. Male inflorescence 
arranged in panicles. Male flowers with two tepals, ovate, 
white tinged pink of white, female flowers with 5 tepals.  
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Notes: This species looked similar to B. holosericea 
which is described in Ternate, but it can be easily 
distinguished by the absence of hairs on tepals and the 
ovaries. The beautiful colour pattern of the leaf shape make 
this species suitable for indoor ornamental pot plants. 

Habitat: The species was found growing vertically on 
limestone walls, shaded or half-shaded, at 145 m asl. 

Distribution: Endemic to Halmahera, in TN Aketajawe 
Lolobata. 

Begonia manuselaensis Ardhaka & Ardi (Ardhaka et al. 2016) 
Description: Perennial monoecious herbaceous, 

creeping stem, slender, sparsely with small flattened red 
scale on stem, petioles and leaves. Leaves alternate, lamina 
asymmetric, ovate to elliptic, 4.8-7 × 3-5 cm, green, margin 
serrate, base cordate and lobes often overlapping, apex 
acuminate. Male inflorescence arranged in panicles, with 
flowers 2-4 flowers, white. Male flowers with 2 tepals, 
broadly ovate to suborbicular and female flowers with 5-6 
tepals. 

Notes: The specific name manuselaensis is derived 
from the type locality, Manusela National Park, Seram, 
where the plant was first collected. 

Habitat: The species is found growing on rocks in the 
karst in the tropical rain forest. 

Distribution: Endemic Seram, Manusela National Park. 

Begonia olivaceae Ardi (Hughes et al. 2015b) 
Description: Perennial monoecious herbs, stems 

rhizomatous, with short nodes, stipules oblong-shaped, 
hairy, persistent. Petiole hairless. Leaves alternate, lamina 
asymmetric, suborbicular, adaxially dull green with 
purplish between the veins, glabrous, abaxially paler, 
margin crenate, base cordate and lobes not overlapping, 
apex rounded. Inflorescence axilar, bisexual. male flower 
with four tepals, ovate and elliptic, white, female flowers 
with three tepals, white, orbicular and elliptical. Fruit with 
three equal wings. 

Notes: The specific name “olivacea” is derived from 
Latin and refers to the colour of the lamina. The small 
stature habit of B. olivaceae makes it suitable for terraria. 

Habitat: The species grows on dusty limestone walls, 
half and fully shaded, 250 m asl. 

Distribution: Endemic to Sumatra, Gunung Leuser 
National Park, Sumatra. 

Begonia puspitae Ardi (Hughes et al., 2009) 
Description: Perennial monoecious herbs, stem 

rhizomatous. Leaves alternate, Stipule densely covered 
with branched hairs, lamina asymmetric, broadly ovate, 8-
22 x 5-13.5 cm, densely hairy, green, margin denticulate, 
base cordate and lobes often overlapping, apex acuminate. 
Inflorescence bisexual, axilar. Male flowers with two tepals 
white or white tinged with pink, female flowers with two 
tepals, white fruit of three equal wings.  

Notes: Begonia puspitae is one of the highly adapted 
species in cultivation. The specific epithet is named after 
the collector, Dwi Murti Puspitaningtyas  

Habitat: The species grows vertically on limestone 
crevices, shaded at 600-800 m asl. 

Distribution: Endemic to West Sumatra, Gunung 
Silungkang, Batang Pangean Nature Reserve, Sawah 
Lunto, West Sumatra. 

Begonia sendangensis Ardi (Ardi et al. 2013) 
Description: Perennial and seasonal plant herbs, small. 

Stem tuberous. Leaves alternate, lamina asymmetric, ovate 
to broadly ovate 4-6.5 × 2.5-5 cm with serrated and hairy 
margin, base cordate and lobes sometimes overlapped, 
apex acuminate. Inflorescence axillary, bisexual, simple 
racemose. Male flowers with four tepals, pink, female 
flower with three tepals pink. Fruit with 3 equal wings. 

Notes: B. sendangensis is one of the few tuberous 
species found in Indonesia. This species has a special 
adaptation to dry areas with a tuber. During the dry season 
the plant will be dormant but will resprout by the end of the 
dry season. The specific name is derived from the type 
locality, Sendang Gile Forest Reserve, where the species 
was first collected.  

Habitat: The species grows on limestone rocks. 
Distribution: Endemic to West Nusa Tenggara. This 

species is found in the nature reserve area of Forest 
Sendang Gile, North Lombok. 

Begonia simolapensis Ardi (Hughes et al. 2015b) 
Description: Perennial monoecious herbs, stem 

rhizomatous, slender, Very short internodes. Leaves 
alternate, stipules triangular, hairy, persistent. Petioles 
densely hairy. Lamina asymmetric, orbicular, 5-9.5 × 4-8 
cm margin entire, base cordate and lobes slightly 
asymmetric, apex rounded, adaxially glabrous, glossy, 
green or reddish green. Inflorescence bisexual, axillary. 
Male flowers with four tepals, white tinged with pink. 
Female flowers with three tepals, white or tinged with pink. 
Fruit with three equal wings,  

Notes: The name of the species epithet is derived from 
Simolap, the type locality where it was collected. 

Habitat: It grows on dusty limestone walls, in half to 
full shade at 250 m asl. 

Distribution: Endemic to Sumatra, Gunung Leuser 
National Park, Sumatra. 

Begonia siregarii Ardi & D.C. Thomas (Ardi et al. 2014) 
Description: Perennial monoecious herbs, stem erect up 

to 1 m tall, all the vegetative parts are covered with dense 
white hairs. Leaves alternate, stipule caducous. Lamina, 
asymmetric, ovate to elliptic, 7.5-23.5 × 4-14 cm, margin 
dentate to denticulate, base cordate with lobes slightly 
overlapping, apex acuminate. Male inflorescence cymose, 
female inflorescence peduncle up to 4 cm long. Male 
flowers with two tepals, female flowers with five tepals, 
white tinged with pink. 

Notes: Although of modest stature, it has attractive 
flowers when flowering, compact and vibrant in 
appearance. The species epithet name “Siregarii” was given 
in honour of a former director of Bogor Botanic Gardens 
(2009-2013) who collected the species from Sulawesi  

Habitat: The plant is found growing on karst hills in the 
area of traditional Toraja Tombs in Kate Kesu. 

Distribution: Endemic to South Sulawesi, Tana Toraja. 
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Figure 1. Recently published new species from Bogor Botanic Garden’s collection. A. B. aketajawensis; B. B. droopiae; C. B. 
galeolepis; D. B. holosericeoides; E. B. manuselaensis; F. B. olivacea; G. B. puspitae; H. B. sendangensis; I. B. simolapensis; J. B. 
siregarii. Photo by Ardi WH. 
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To summary, the conservation of Begonia meets several 
key for appropriate ex-situ conservation, such as a high 
level of local endemism, uniqueness, feasibility of 
reintroduction into their natural habitats, and high potential 
economic value as ornamental and medicine plants. The 
inventory of the Begonia collection assembled in the Bogor 
Botanic Gardens nursery during the past 10 years of 
exploratory expeditions records a total of 93 collection 
numbers consisting of 77 Begonia species. Twenty-seven 
of them are recently published new species. All of these 
species have prospects to be developed as ornamental 
plants or can be used as a genetic resource for developing 
new plant varieties through hybridization. 
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Abstract. Saini V, Joshi K, Bhatt D, Singh A, Joshi R. 2017. Short Communication: Waterbird species distribution between natural and 
manmade wetland in Himalayan foothills of Uttarakhand, India. Biodiversitas 18: 334-340. A comparative study on waterbird diversity 
and abundance was conducted at natural and man-made wetland of District Hardwar from 2010 to 2013. A total of 37 waterbirds 
belonging to 11 families were recorded of which 14 species were winter migrant in the wetlands of the study area. Among these 
waterbird species, two species viz. Black-necked Stork, Ephippiorhynchus asiaticus; River Lapwing, Vanellus duvaucelii were near 
threatened (IUCN status Ver. 2013.1.) and two species namely Woolly-necked Stork, Ciconia episcopus; and  Marbled Duck, 
Marmaronetta angustirostris were Vulnerable (IUCN status). The avian species diversity and abundance were recorded significantly 
high (t = 4.16, p < 0.01) at natural wetland site. It is also observed that vegetation variety and food availability is the responsible causes 
of waterbird species variation in the natural and manmade wetland. The results of this study suggest that freshwater natural wetland site 
is more suitable habitat for short and long-distance water migratory birds. This natural wetland should be protected to enhance the 
abundance and diversity of water migrant community. 

Keywords: Diversity, man-made wetland, migratory species, natural wetland 

INTRODUCTION 

Globally, natural wetlands are under heavy pressure 
with increases of human activities and environmental 
changes (Turner et al. 2000; Froneman et al. 2001). Around 
the world, some natural wetlands disappeared completely 
due to the reclamation of wetlands for agriculture and 
expansion of township. Similarly, some have changed in 
aquaculture, reservoirs and irrigation canals (Lu et al. 
1998). It is well known that the waterbird species are 
highly dependent on natural marsh habitat (Zakaria et al. 
2013). Unfortunately, these natural wetlands are converts 
to other land uses. Pollution and anthropogenic activities in 
wetland area have declined the population of water 
migratory birds (Gaston 1975; Hardy et al. 1987; Mckinney 
2002). The natural and manmade wetlands support or 
attract several residents and migrant waterbird (Cowardin 
et al. 1979; Amezaga et al. 2002; Ismail et al. 2012).  Birds 
utilize wetlands for nesting, breeding, roosting, and rearing 
young ones and for feeding, resting, shelter and social 
interaction (Stewart 2001). 

The Indian Himalayan range is well recognized for its 
biological diversity and ecological values (Bhattacharya et 
al. 2007). About 1313 species (13%) of the world avian 
species are reported in India and the Indian subcontinent 
(Grimmett et al. 2011). The western part of Indian 
Himalayan Region is an important area of regional 
endemism and has been designated by BirdLife 
International as Endemic Bird Area (EBA 128). It also 

contains 27 Important Bird Areas (IBAs) (Islam et al. 
2004). The wetland bird studies in India have shown bird 
diversity in natural habitat (Rajashekara et al. 2011; Bhadja 
et al. 2013; Patel et al. 2015) or artificial wetland habitat 
(Tak et al. 2002; Urfi 2003, Mazumdar et al. 2006). The 
foothills of western Himalaya supports the natural and 
manmade wetlands in Dehradun, Haridwar and Ramnagar 
Districts of Uttarakhand, which provide suitable habitat not 
only for a short-distance migratory bird species but also a 
long-distance water migrant community. Many researchers 
have surveyed on waterbird species in Uttarakhand 
wetlands, such as Dhakate et al. (2008); Bhattacharjee and 
Bargali (2003) surveyed in Corbet National park wetland of 
district Ramnagar. Narang (1990); Gandhi and Singh, 
(1995); Tak et al. (1998); Tak and Sati (2003); Kumar et al. 
(2005); Kaushik et al. (2013) studied at Assan Barrage 
wetland at Dehradun. However, very few studies (Bhatt, et 
al. 2015) have been conducted on migrant waterbird at 
Bheemgoda Barrage of Haridwar district, and all the 
studies are based on checklist. However, comparative 
studies between natural and man-made wetland have not 
been conducted in Uttarakhand. 

It has been reported that the population of water 
residential and migrant birds has declined significantly 
(Saikia and Bhattacharjee 1993; Wetlands International 
2006). Therefore, it is necessary to understand the status of 
waterbird species in natural and manmade wetlands along 
with find out the causes of waterbird decline. In the present 
study an attempt was made to understand and compare the 
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waterbirds diversity between Bheemgoda Barrage (man-
made wetland) and Misserpur (or Missarpur) wetland 
(natural wetland) of District Haridwar, Uttarakhand, India. 

MATERIALS AND METHODS 

Study area 
The study was conducted from 2010 to 2013 year, in 

the foothills of Western Himalaya District Haridwar at 
manmade wetland. Indian wetlands were biogeographically 
categorized by Hussain and Roy (1993). The  Bheemgoda 
Barrage geographically, situated (29°58′ N, 78°13′ E; 
249.7m asl)  between the Neeldhara and the tributaries of 
the Ganga river. It is type 17 (water-storage) barrage and 
comes biogeographic province 4.8.4 (Indo-Gangatic 
Monsoon forest). It covers about  2.5 km2area with 
different aquatic vegetation structure viz. Eichhornia  

crassipes, Potomageton pectinatus and Typha elephantine 
along with dominant tree Dalbergia sissoo is common 
around this wetland. On the other hand Misserpur is a 
natural (water-storage) wetland habitat above about 8 km 
from Bheemgoda Barrage. It is situated at 29°89′ N, 78°14′ 
E, at 214 m asl. and about 1.5 km2 area (Figure 1). 
However, Misserpur site also comes biogeographic 
province 4.8.4 (Indo-Gangatic Monsoon forest). The 
aquatic vegetation of this area is dominated by Typha 
elephantine, Eichhornia crassipes, Potomageton pectinatus 
and Ipomea fistulosa. Besides these, this area is occupied 
by Dalbergia sissoo and mixed tree species. 

Climate: The climate of Haridwar is semi-arid and three 
prominent seasons like winter season (October to March), 
summer season (April to June) and rainy season (July to 
September). The temperature varies from 4 °C in winter to 
44 °C in summer months. However, average rainfall (2000 
mm) receives during the monsoon period. 

 
 
 
 
 
 

 
 
Figure 1. Showing the study area in Himalayan foothills of District Haridwar, Uttarakhand, India. A. Bheemgoda barrage, and B. 
Misserpur Natural Wetland in the Ganga River, India  
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Field data collection 

The waterbird species survey was conducted from 
January 2010 to December 2013 at wetland habitat of 
District Haridwar, Uttarakhand. These habitats were 
identified as natural (Bheemgoda barrage) and manmade 
(Missarpur) wetlands. Avian surveys were carried out in 
the morning (06.30 - 11.00) and evening (15.30 - 17.00) 
from October to March. The point count method (Bibby et 
al. 2000) was used during avian data collection. During 
each survey, we walked around the wetland and select 
vantage points with 20 - 30-meter intervals. Actual head 
counts were done for bird species that were small in 
numbers. Total 120 vantage points (60 points X 2 wetland 
habitats) were studied during the study period, and each 
point was revisited following years with the help of 10x50 
prismatic field binocular. Regular field surveys were made 
through the study period with three days intervals, and 
survey was avoided during foggy weather and rainy days. 
Field guide books (Kazmierczak et al. 2003; Grimmett et 
al. 2011) were used for bird species identification and 
species photographed (camera Sony DCR/DVD803E) was 
taken for references. Along with the available vegetation at 
wetlands were also recorded with photographs and 
identified with the taxonomist. In addition, avian status and 
anthropogenic activities information also collected from 
adjoining residential area of the wetlands. 

Data analysis 
We pooled the field data, and mean value was used for 

analysis. The species diversity indices were calculated by 
using Shannon- Weavers formula [H’= - ∑pi (ln pi)] 
(Shannon and Weaver 1949) and species richness were 
estimated by using Margalef’s formula [SR = (S-1)/Log N] 
(Margalef 1951) in the wetland of Haridwar. We applied t- 
test and Confidence interval (CI) test to estimate the 
abundance of avian species between natural and manmade 
wetland habitats. We compared species richness between 
natural and manmade habitats using individual-based 
rarefaction curves (Colwell et al. 2004). Software such as 
PAST was used for statistical analysis.  

RESULTS AND DISCUSSION 

Thirty-seven avian species (12,679 individuals) 
belonging to 13 families (Table S.1) were recorded at 
manmade (Bheemgoda Barrage) and natural (Misserpur) 
wetland of Haridwar District. Out of 37 waterbird species, 
twenty three (62.1%) species were residential bird species 
and fourteen (37.8%)  were reported as winter visitors (See 
Annexure 1). Among the waterbird species, two species 
which are under near threaten category (IUCN)  (Black-
necked Stork, Ephippiorhynchus asiaticus and River 
Lapwing Vanellus duvaucelii) were reported at man-made 
and natural wetland respectively (Figure 2). Of these 14 
winter visitors, Bar-headed Goose, Anser indicus species 
was reported at natural wetland (Misserpur) after long time 
after 7 years. This information is based on the observation 

of the population residing in the adjoining area of these 
wetlands.   

A comparison of avian diversity indices between 
natural and manmade wetland habitat shows maximum 
diversity values were present in natural wetland (Table 1). 
Analysis of species abundance (t-test) revealed that avian 
community were more diverse and significantly high (df = 
35, t = 4.16, p < 0.01) at natural wetland as compared to 
manmade wetland. The rarefaction curve also indicates  the 
maximum species in terms of individuals  reported at 
natural wetland as compared to manmade wetland habitat 
(Figure 3). Thus, these results support that natural wetlands 
are better habitats for waterbird species than the artificial 
wetlands as reported by Zhijun, et al. 2004 in China. 
Similarly, rich abundance of avian species, community 
composition, and species richness was reported maximum 
at natural marshes as compared to the rice field in southern 
France (Tourenq et al. 2001). The high abundance of avian 
species in the natural wetland is may be due to the 
availability of food variety, shelter and vegetation 
diversity. It is believed that the food resources are 
responsible for the habitat selection of waterbirds (Cody 
1985). Recently, it has been reported that the  aquatic 
vegetation composition and food resources influence the 
waterbirds diversity and density in wetlands (Colwell and 
Taft 2000; Patel et al. 2015). 

Out of fourteen winter visitor species, eleven  shared  
both wetlands. However, six species namely (Eurasian teal; 
Anas crecca, Gadwal, Anas strepera; Northern Pintail, 
Anas acuta; Pallas's Gull, Ichthyaetus ichthyaetus; Red-
crested Pochard, Netta rufina; Tufted Duck, Aythya 
fuligula) were found significantly (95%) high in abundant 
at the natural wetland. However, one avian species (Black-
headed Gull, Chroicocephalus ridibundus) were found 
significant high at manmade wetland of the study area 
(Table 2) and remaining two species (Black- necked Stork, 
Ephippiorhynchus asiaticus; Great Crested Grebe, 
Podiceps cristatus) abundance was about same in both 
wetlands.  

 
 

 
 
Figure 3. Rarefaction curve between number of species and 
individuals of species reported at Natural (Misserpur) and 
Manmade wetland (Bheem goda barrage) 
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Figure 2: Photographic records of water birds at natural and man-made wetland of Haridwar District, Uttarakhand, India. A. Bar headed 
Geese (Anser indicus); Near threaten species declared by IUCN Version 2013.1., B. Black-necked stork (Ephippiorhynchus asiaticus); 
Near threaten species declared by IUCN, C. Black-winged stilt (Himantopus himantopus), D. River lapwing (Vanellus duvaucelii) 
 

 
 
Table 1. Comparison of diversity indices between manmade and natural wetland habitat in Haridwar, Uttarakhand, India 
 

Parameters Bheem Goda Barrage 
(Manmade wetland) 

Misserpur  
(Natural Wetland) 

Location (latitude and longitude) 29°58′ N, 78°13′ E 29°89′ N, 78°14′ E 
Elevation (m asl) 320m asl 314m asl 
Shannon’s Diversity (H’) (mean diversity) 2.35 2.81 
Margalef’s Richness (R1) (mean richness) 10.81 11.23 
   

No. of Individual 2285 10394 
No. of Migrant species (Non breeder) 11 13 
No. of Residential species (Breeder) 17 23 
 
 
Table 2. The mean abundance of water migratory birds at 95% (confidence Interval value) level in both wetland areas in Haridwar, 
Uttarakhand, India 
 

Common name Zoological name 

2010 2011 2012 2013 
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Black necked stork  Ephippiorhynchus asiaticus 0.01 0.03 0.03 0.02 0.01 0.01 0.03 0.03 
Common teal Anes crecca 0.02 0.23 0.14 0.10 0.07 0.16 0.02 0.28 
Great crested grebe  Podiceps cristatus 0.02 0.05 0.16 0.18 0.01 0.10 0.02 0.03 
Nothern pintail Anas acuta 0.03 0.65 0.05 0.02 0.01 0.40 0.03 0.20 
Red-crested pochard  Rhodonessa rufina 0.02 0.27 0.09 0.12 0.01 0.10 0.05 0.23 
Gadwall Anas strepera 0.02 0.27 0.01 0.49 0.07 0.13 0.10 0.12 
Black headed gull Larus ridibundus 0.10 0.05 0.08 0.09 0.10 0.14 0.19 0.10 
Pallas's gull Larus ichthyaetus 0.10 0.05 0.10 0.26 0.07 0.03 0.08 0.13 
Tufted pochard Aytha filigula 0.02 0.25 0.04 0.12 0.07 0.14 0.05 0.29 
 
 
 

 
In the present  study, we observed that the variety of 

vegetation structure (Typha elephantine, Eichnornia 
crassipes, Potomageton pectionatus, Ceratophyllum 
demersum, Ipomea fistulosa, Zizyphus mauritiana and 
Lantana camera) at natural wetland (Misserpur) and 
human encroachment at man-made wetland (Bheemgoda 
barrage) are the responsible causes of waterbirds variation 
in the study site wetlands. Along with, the effluent of a 
sewage treatment plant  is released above the Misserpur 

wetland site which stimulates the growth of aquatic plants 
at natural wetland (Misserpur). The variety of aquatic 
plants may be the cause which influences the bird species 
in both wetland habitats. Gucel et al. (2012) found that 
vegetation composition of natural and manmade wetland 
sites influence the bird species diversity and abundance. 
The habitat feature such as vegetation composition and 
cover is a key factor that affects the habitat selection and 
distribution, diversity and richness of waterbird species 

A B C D 
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(Rajpar et al. 2014). It has been reported (Lee and 
Rotteberry 2005; Augenfeld et al. 2008) vegetation 
composition influence the variety of food resources which 
increase the abundance the waterbird species. 

The high abundance of Tufted ducks at natural wetland 
(Misserpur) indicates good depth at Misserpur wetland than 
the manmade wetland and supports the rich submerged 
vegetation in the natural wetland. It has been reported that 
deeper water supports the rich density of waterbird 
especially ducks and ducks prefer deep open water body 
for foraging (Hattori et al. 2001; Rajpar et al. 2011). The 
presences  of near threaten species in wetlands of District 
Haridwar emphasis to make conservation effort in this area 
for waterbird species. The appearance  of Bar-headed 
Goose, Anser indicus at Misserpur wetland which is a long-
distance migrant species, arrived in winter season from 
central Asia. It indicates that natural wetland is also  
suitable wetland for water migratory birds in Haridwar 
District of Uttarakhand. 

In conclusion, some previous studies (Zhijun et al. 
2013; Zakaria et al. 2014) have reported that natural and 
man-made wetlands are good habitat for waterbird  and 
migrant bird species. However, the results of present study 
are in favor of natural wetland and suggest that the natural 
wetland is more suitable for waterbird species.  The natural 
wetlands provide a variety of food, shelter and roosting 
sites for wetland birds. However, most of the waterbird  
have changed their natural wetland habitat or have 
disappeared  from the natural wetland due to lack of food 
resources, human activities and water pollution. Hence, the 
artificial wetlands are alternative habitat for natural 
wetland birds (Zhijun et al. 2013). With this study, we 
support  that the natural wetland is more suitable for 
waterbird  species. The presence of threatened species at 
natural wetland indicates that more concern is required for 
the conservation of natural wetland. However, in the 
present short-term (3 years) study we have not found 
decline in waterbird population in this area. Thus, further, a 
long term study is required to understand the climatic 
effects on water migrant bird species distribution in natural 
and man-made wetlands. 
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Table S.1. Avian species observed at  natural and man-made wetlands in Haridwar, Uttarakhand, India 
 

Family Common name Zoological name Status 
Misserpur 
(Natural 
wetland) 

Bheem goda 
barrage 

(Man-made 
wetland) 

IUCN 
status 

Accipitridae Black Kite Milvus migrans R + + LC 
 Crested Serpent Eagle Spilornis cheela R + + LC 
 Bonelli's eagle Aquila fasciata R + + LC 
Alcedinidae Blue-eared Kingfisher Alcedo meninting R + - LC 
 Pied Kingfisher Ceryle rudis R + + LC 
 White-throated Kingfisher Halcyon smyrnensis R + + LC 
Anatidae Black-crowned Night Heron Nycticorax nycticorax R + + LC 
 Common Merganser Mergus merganser WM + + LC 
 Eurasian Teal Anas crecca WM + + LC 
 Gadwall Anas strepera WM + + LC 
 Mallard Anas platyrhynchos WM + - LC 
 Marbled Duck Marmaronetta angustirostris R + + Vul. 
 Northern Pintail Anas acuta WM + + LC 
 Red-crested Pochard Netta rufina WM + + LC 
 Ruddy Shelduck Tadorna ferruginea WM + + LC 
 Tufted Duck Aythya fuligula WM + + LC 
 Indian Spot-billed Duck Anas poecilorhyncha R + - LC 
 Bar-headed Goose Anser indicus WM + - LC 
Ardeidae Grey Heron Ardea cinerea R + + LC 
 Indian Pond Heron Ardeola grayii R + + LC 
 Great Egret Casmerodius albus R + + LC 
 Little Egret Egretta garzetta R + + LC 
 Western Cattle Egret Bubulcus ibis R + - LC 
Charadriidae Red-wattled Lapwing Vanellus indicus R + - LC 
 River Lapwing Vanellus duvaucelii R + + NT 
Ciconiidae Woolly-necked Stork Ciconia episcopus R + + Vul. 
 Black-necked stork Ephippiorhynchus asiaticu WM + + NT 
Laridae Pallas's Gull Ichthyaetus ichthyaetus WM + - LC 
 Black-headed gull Chroicocephalus ridibundus WM + + LC 
Motacillidae White Wagtail Motacilla alba R + - LC 
Pandionidae Western Osprey Pandion haliaetus WM + + LC 
Phalacrocoracidae Little Cormorant Microcarbo niger R + + LC 
 Great Cormorant Phalacrocorax carbo R + + LC 
Podicipedidae Great Crested Grebe Podiceps cristatus WM + + LC 
 Little Grebe Tachybaptus ruficollis R + + LC 
Recurvirostridae Black-winged stilt Himantopus himantopus R + - LC 
Scolopacidae Common sandpiper Actitis hypoleucos R + + LC 
Note: WM: Winter visitor species; R: Resident species; IUCN Status Version 2013.1: LC = Least concern, Vul. = Vulnerable, NT = 
Near threatened 
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Abstract. Puspitaningtyas DM. 2017. Orchid inventory in Bantimurung-Bulusaraung National Park, South Sulawesi, Indonesia. 
Biodiversitas 18: 341-350. Bantimurung-Bulusaraung National Park, commonly abbreviated as Babul National Park, is in South 
Sulawesi. It occupies an area of 43,750 hectares between 119o34'17"-119o55'13" East and 4o42'49"-5o06'42" South. Babul National Park 
is an area in the transition zone between Asia and Australia and therefore has a unique flora and fauna. The study reported here aimed to 
inventory the orchid species in the Babul National Park area and to determine the orchid diversity in the area. The results of the study 
recorded approximately 60 orchid species found in Babul National Park. These were representative of 32 genera and consisted of 42 
species of epiphytic orchids and 18 species of terrestrial orchids. The terrestrial orchid Habenaria beccarii and the epiphytic orchid 
Aerides inflexa were the most common orchids found, and were spread evenly throughout the Babul National Park area. Coelogyne 
celebensis and Aerides inflexa are endemic orchids of Sulawesi found within the Park. Three species of the genus Nervilia, i.e. N. 
punctata, N. plicata, and N. aragoana, were also found in this area. Some species of orchid such as Tropidia angulosa, Coelogyne 
rumphii and Dendrobium lampongense were found as new records in Sulawesi. 

Keywords: Bantimurung-Bulusaraung National Park, inventory, orchid, South Sulawesi 

INTRODUCTION 

Indonesia has two of the 25 biodiversity hotspots in the 
world; Sundaland and Wallacea. Sulawesi Island is the 
largest island in Wallacea and the most geologically 
complex. It has a mix of oriental and Australian fauna and 
is location in which various types of endemic fauna have 
evolved (Coates et al. 2000). Up until now, the flora of 
Sulawesi has been recognized as unique and very diverse 
but much of this diversity has yet to be revealed. Schlechter 
(1925) estimated the number of endemic orchids of 
Sulawesi to be around 253 species, which significantly 
exceeded the estimate of 161 species recorded by Smith 
(1929). In the most recent review of the subject (Thomas 
and Schuiteman 2002), a preliminary study on the 
inventory of orchids in Sulawesi and Maluku, a total of 820 
species were recorded of which 60% (548 species) are 
found in Sulawesi. 

Bantimurung-Bulusaraung National Park, commonly 
abbreviated as Babul NP, was proposed as a conservation 
area or national park by the Ministry of Forestry Number: 
SK.398 / Menhut-II/2004 on October 18th, 2004. The area 
of the Park covers ± 43,750 ha (Rais et al. 2007). 
Administratively, the national park is located in the 
governmental districts of Maros District and Pangkajene 
Kepulauan (Pangkep) District, of South Sulawesi Province, 
Indonesia. Geographically, Babul NP is located between 
119 ° 34'11 "-119 ° 55'13" E and 4 ° 43'10 "-5 ° 07'12" S. 
Babul NP is a unique environment, based largely on on 
karst formations, with caves that have beautiful stalactites. 
It is a recognized habitat for large butterfly populations, 

which result in Bantimurung being known as the ‘The 
Kingdom of Butterflies’. There are about 103 species of 
butterflies endemic to Sulawesi (Rais et al. 2007). 

Exploration and research is an important step in efforts 
to safeguard plant diversity, including by methods of ex 
situ plant conservation. Botanical gardens as ex situ 
conservation institutions have an important role in plant 
species conservation, and in carrying out population 
studies, plant propagation, breeding, and reintroduction, 
which can also be broadly beneficial for the advancement 
of scientific knowledge. The aim of the research reported 
here was to inventory orchid diversity within the 
Bantimurung-Bulusaraung National Park (Babul NP) in 
South Sulawesi, Indonesia. 

MATERIALS AND METHODS 

The research was conducted in Bantimurung-
Bulusaraung National Park (Babul NP), between March 15 
and April 3, 2012. The objective was to observe orchid 
diversity in Babul NP. The exploration activity was based 
on plant collection by purposive random sampling 
(Partomihardjo and Rahajoe 2005). This was supplemented 
with environment data measured in Babul NP, such as 
elevation, humidity, temperature, soil acidity etc. The 
exploration activities were conducted at four locations: 
Tompo Bulu, Pattunuang, Bentenge, and Karaenta (Figure 
1). The live material collected was mostly planted out in 
Bogor Botanical Gardens for ex situ conservation purposes. 
Such plant collections only have scientific value if they are 
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complemented by informative data such as the sites of 
collection and the conditions of the natural habitats. For 
orchids collected not in flower, it is usually only possible 
for an initial identification to be made to genus level. To 
identify to species level, it is usually necessary to observe 
the flower morphology. Identification methods used were 
by literature review (Sweet 1980; Comber 1990; 
Seidenfaden and Wood 1992; Gravendeel and de Vogel 
2000; Comber 2001) and by reference to herbarium 

specimens in the Herbarium Bogoriense and or living 
collections in the Bogor Botanical Gardens. Valid names 
were attributed based on the current listings in The Plant 
List (2013) (www.theplantlist.org). Plants were only 
sampled and collected for those species that were abundant 
in the field, so as to support in situ preservation of the 
species. Some rare species were not sampled and were only 
recorded or photographed for documentation. 

 
 

 
 

Figure 1. Location of exploration activities in Bantimurung-Bulusaraung National Park, South Sulawesi, Indonesia. A. Pattunuang, B. 
Karaenta, C. Tompo Bulu, D. Bentenge 

A 
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RESULTS AND DISCUSSION 

Sixty species of Orchidaceae were identified in the 
results of the inventory of Babul NP. The species were 
from 32 genera (Figure 2) and comprised 42 species of 
epiphytic orchid and 18 species of terrestrial orchid. Details 
of the species found along with their habitus and locations 
of discovery are presented in Table 1. The habitat 
conditions in four locations: Tompo Bulu, Pattunuang, 
Bentenge, and Karaenta are recorded as secondary data for 
completing information. The habitat in Tompo Bulu is 
described as disturbed secondary forest. Exploration in this 
habitat was carried out at an altitude between 539 and 826 
m above sea level (m asl.); the degree of soil acidity (soil 
pH) was 6.5 and humidity (RH) was 85%. The habitat in 
Pattunuang is described as disturbed primary forest 
growing on karst rock terrain. Exploration here was carried 
out at an altitude between 60 and 167 m asl., soil pH was 
6.2 and RH was 75%. The habitat in Bentenge is described 
as disturbed secondary forest. Exploration was carried out 
at an altitude between 793 and 800 m asl., the soil pH was 
6.5; RH was 85%. The habitat in Karaenta is described as 
disturbed primary forest growing on karst rock terrain. 
Exploration was carried out at an altitude between 275 and 
318 m asl., soil pH was 6.2; RH was 75%. 

Terrestrial orchid 
There were about 60 species of the Orchidaceae family 

in Babul NP, consists of 42 species of epiphytic orchids 
and 18 species of terrestrial orchids. Among 18 species 
terrestrial orchid in Babul NP, the most common terrestrial 
orchids was Crepidium spp. which is formerly known as 
Malaxis. Generally orchids were not found in flowering 
condition, so species name could not be identified. One 
species of terrestrial orchids was Malaxis latifolia Sm. 
which is now a synonym of Dienia ophrydis (J.Koenig) 
Seidenf. In Karaenta, Babul NP, Tropida angulosa (Lindl.) 
Bl. more commonly grow solitary and spread. Only some 
orchids species which are unique, endemic, attractive, or 
important information as new record will be described in 
this paper (Figure 3). 

Tropidia angulosa (Lindl.) Bl. 
The genus Tropidia is generally characterized by tough, 

hard stems and by small stature. Tropidia angulosa has a 
height of 15-20 cm and has no storage organ. So it is quite 
sensitive and tends to die if deprived of its roots. Its stem is 
erect or creeps on the ground; sometimes it is branched, 
each stem or branch bearing two leaves at the top. Leaves 
are plicate, ovate, acuminate, 12 x 7 cm. Inflorescence is 
terminal, on the top between two leaves, with a ± 5 cm 
peduncle and a ± 6 cm rachis that supports 8-16 flowers, 
even reaching 20-30 flowers (Comber 1990). Flowers are 
white or pale yellow, not fully open, flower size is very 
small, 1-2 cm wide across. The lip is lanceolate, pure white 
or with an orange blotch near the apex. 

Tropidia angulosa commonly grows near sea level up 
to 1,200 m asl. (Comber 1990; Puspitaningtyas et al. 2013), 
in forests with moderate humidity, or in shady places that 

are a bit dark. It has a widespread distribution from India, 
Burma, Malaysia, Sumatra, to Java (Comber 1990) and is 
now reported in Sulawesi as a new record. 

 
Habenaria beccarii Schltr. 

Habenaria beccarii is a very specific kind of orchid. It 
grows on rocky soil as a terrestrial, dispersed evenly across 
almost every area of Babul NP, in Tompo Bulu, 
Pattunuang, and Karaenta, at an altitude below 800 m asl.. 
Its habitat is karst hills, in humid, shady forest. This orchid 
species is endemic to the Wallacea region comprising 
Sulawesi and Moluccas. 

Habenaria beccarii is a terrestrial orchid of small 
stature, about 2-20 cm high, bearing 4-5 leaves, linear-
lanceolate, acuminate, sessile, positioned along the whole 
length of the stem. The inflorescence is terminal, errect, 
with peduncle about 15-36 cm length, bearing 5-17 white 
flowers on a rachis 4-12 cm. The dorsal sepals, are green, 
forming a hood over the column, in combination with white 
petals, and with lateral sepals ovate, acuminate, white. The 
lip is trilobed, about 2.5-3 cm broad; the side lobes broad 
with deeply toothed margins into filiform segments, 15-20 
segments; the mid-lobe is narrow and entire, 0.5-0.6 cm 
long. Spur is 3-4 cm long, white at the base and half green 
to the tip. 

This species from Sulawesi was at one time identified 
with the wrong name as Habenaria medioflexa Turrill 
(Yuzammi and Hidayat 2002) or Habenaria medusa 
Kraenzl. (Hartini and Puspitaningyas 2005; Puspitaningtyas 
et al. 2013). After detailed observation on flower 
morphology, H. beccarii was found to be different from 
both H. medioflexa and H. medusa, based on the shape of 
the flower’s lip. Furthermore, the distribution of H. 
medioflexa is commonly in mainland Asia such as 
Malaysia, Thailand, Laos, Vietnam and Cambodia 
(Seidenfaden and Wood 1992); while the distribution of H. 
medusa is in Sumatra, Borneo, Java, as well as Sulawesi 
(Comber 1990; Kurzweil 2009). 

The terrestrial orchid genus Nervilia, is represented in 
Babul NP by as many as three species; namely, N. 
punctata, N. plicata, and N. aragoana. The population of 
N. punctata was found to be most abundant in Karaenta, It 
has creeping stolon tubers. N. aragoana has populations 
not as abundant as the former species but is more widely 
spread, being found in Karaenta, Pattunuang, and Tompo 
Bulu. The pattern of growth of Nervilia is similar in the 
area of Lambusango-Kakenauwe Nature Reserve as on the 
island of Buton, Southeast Sulawesi (Puspitaningtyas 
2011). 

Nervilia plicata (Andrews) Schltr. 
The uniqueness of this terrestrial orchids is in its leaves. 

The leaf is shaped like a heart, cordate, apex acute; petiole 
is erect, green, 1-3 cm, green with white or yellowish 
blotches, sometimes with purple blotches, both sides hairy, 
with many curved veins raised alternately above and 
below, plicate, 10-14 cm broad. The inflorescence is 8-12 
cm, bearing 2 flowers; with peduncle dark green or pale 
brown. The flower is pale brown with a white lip; flowers  
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Table 1. Orchids in Bantimurung-Bulusaraung National Park, South Sulawesi, Indonesia 
 

Name of species Habitus Locations in Babul NP 
Tompo Bulu Pattunuang Bentenge Karaenta 

Abdominea minimiflora (Hook.f.) J.J. Sm. Epiphytes   +  
Aerides inflexa Teijsm. & Binn. Epiphytes + +   
Aerides sp. Epiphytes + +   
Agrostophyllum (tenue) Epiphytes   +  
Ascocentrum miniatum (Lindl.) Schltr. Epiphytes +    
Bulbophyllum sp.1 Epiphytes   +  
Bulbophyllum sp.2 Epiphytes +    
Calanthe triplicata (Willemet) Ames Terrestrial   +  
Cleisostoma subulatum Blume Epiphytes  +   
Coelogyne celebensis J.J.Sm. Epiphytes   +  
Coelogyne rumphii Lindl. Epiphytes +    
Corymborkis veratrifolia (Reinw.) Blume Terrestrial    + 
Crepidium sp.1 Terrestrial  +   
Crepidium sp.2 Terrestrial  +   
Crepidium sp.3 Terrestrial +    
Crepidium sp.4 Terrestrial +    
Crepidium sp.5 Terrestrial    + 
Cymbidium bicolor Lindl.  Epiphytes +    
Cymbidium finlaysonianum Lindl. Epiphytes +    
Dendrobium crumenatum Sw. Epiphytes   +  
Dendrobium lampongense J.J.Sm. Epiphytes  +   
Dendrobium reflexitepalum J.J.Sm. Epiphytes  +   
Dendrobium salaccense (Blume) Lindl. Epiphytes +    
Dendrobium sp. Epiphytes +    
Dendrobium sphenochilum F.Muell. & Kraenzl. Epiphytes   +  
Dieniaophrydis (J.Koenig) Seidenf. Terrestrial    + 
Eria sp. Epiphytes   +  
Eulophia sp. Terrestrial +    
Eulophia spectabilis (Dennst.) Suresh Terrestrial + + + + 
Flickingeria sp.1 Epiphytes   +  
Flickingeria sp.2 Epiphytes   +  
Flickingeria sp.3 Epiphytes  +   
Flickingeria sp.4 Epiphytes  +   
Flickingeria sp. 5 Epiphytes   +  
Grosourdya appendiculata (Blume) Rchb.f. Epiphytes  +   
Habenaria beccarii Schltr. Terrestrial + +  + 
Hetaeria sp. Terrestrial    + 
Liparis condylobulbon Rchb.f. Epiphytes +    
Liparis sp. Epiphytes    + 
Liparis viridiflora (Blume) Lindl. Epiphytes +    
Luisia sp. Epiphytes +    
Malleola sp.1 Epiphytes   +  
Malleola sp.2 Epiphytes   +  
Nervilia concolor (Blume) Schltr. Terrestrial + +   
Nervilia plicata (Andrews) Schltr. Terrestrial    + 
Nervilia punctata (Blume) Makino Terrestrial    + 
Oberonia celebica Schltr. Epiphytes   +  
Oberonia costeriana J.J.Sm. Epiphytes +    
Oberonia fungumolens Burkill Epiphytes   +  
Oberonia sp. Epiphytes +    
Peristylus sp.1 Terrestrial    + 
Peristylus sp.2 Terrestrial +    
Phalaenopsis amboinensis J.J.Sm. Epiphytes    + 
Pholidota articulata Lindl. Epiphytes +    
Pholidota imbricata Lindl. Epiphytes    + 
Pomatocalpa spicatum Breda, Kuhl & Hasselt Epiphytes  +   
Robiquetia sp. Epiphytes +    
Thelasis carinata Blume. Epiphytes   +  
Trichoglottis sp. Epiphytes +    
Tropidia angulosa (Lindl.) Blume Terrestrial    + 
Note: + = exist 
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Figure 2. Number of orchids species for each genus found in Bantimurung-Bulusaraung National Park, South Sulawesi, Indonesia 
 
 
 
 
 
have green veins turning yellow. Generative and vegetative 
phases alternate; with periodic flowering. There is potential 
in this species for use as ornamental potted plants because 
of the beauty of its leaves. 

Nervilia plicata is distributed from India, China, 
Burma, Laos, Vietnam, Thailand, Java, Sumatra, and the 
Philippines, to Papua New Guinea and Australia (Comber 
1990). This species grows in tropical forest under shady 
trees at an altitude of 320-450 m asl.. In Babul NP, this 
species was found growing at an elevation of 275 m asl.. 

 
Nervilia punctata (Bl.) Makino  

This terrestrial orchids is unique with orbicular leaves, 
5 to 7 lobed; the apical lobe being acute, shiny green, 
cordate below with a petiolate leaf base 3-4 cm in diameter. 
The inflorescence has a single flower, held on a 10-15 cm 
long peduncle, the flower facing sideways. Sepals and 
petals are linear in shape, 15-18 cm long, light brown-
green, with a broadly lanceolate lip, white with many small 
purple spots.  

The distribution is widespread, through Thailand, 
Peninsular Malaysia, Sumatra, and Java (Comber 1990). Its 
presence in Sulawesi is a new record. Comber (1990) never 
came across this orchid in the lowlands, but in Babul NP, 
the species was found at an altitude of 275 m asl.. Backer 
(1968) recorded that this species usually grow in lowland at 
an altitude 25-1,000 m asl. Holttum (1964) also stated that 
in Singapore and Peninsular Malaysia, this species grows 
in lowlands area. This species prefers growing on rich soil 
humus or thick leaf litter and grow in colonies from their 
stolons in the soil. 

Nervilia concolor (Blume) Schltr. 
Previously, this species was known as Nervilia 

aragoana Gaud., but its valid name now is N. concolor 
(Blume) Schltr. The uniqueness of this terrestrial orchid is 
in its heart shaped leaves, with leaf tips pointed. Leaves are 
plicate, folded and pleated, with wavy margins; glabrous 
and green or green with chocolate brown blotches, with 
reddish purple petioles, the leaves are about 8 cm in 
diameter. The inflorescence reaches 35 cm in height, 
bearing about 4-10 flowers, not fully open, emerging from 
bulbs underground. Sepals and petals are narrowly 
lanceolate, acute, yellowish-green with brown veins. The 
lip is trilobed, white-yellowish with dark brown veins and 
undulate margins. Generative and vegetative phases appear 
alternately. Blooming throughout the year, the species has 
potential for use as ornamental potted plants. 

Its habitat has a rather broad range in altitude from 0 to 
1,200 m asl.. This species tolerates growing in open area or 
under shady trees, even along roadsides or in shady 
grasslands. The distribution is widespread from India, 
China, Southeast Asia, Australia, to the Pacific Islands 
(Comber 1990). 

 
Eulophia spectabilis (Dennst.) Suresh. 

This species prefers full sunlight, and is most often 
found growing in grassy fields. It is found from lowlands to 
highlands, with an altitudinal range from 0 to 1,300 m asl.. 

Eulophia spectabilis is a terrestrial orchid, with 
underground pseudobulbs, slightly rounded, about 3 cm in 
diameter, giving rise to shoots that emerge at their tips. The 
plant is 20 cm high, bearing 2 to 4 leaves, oblong-narrowly 
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lanceolate, with pointed tips, plicate, approximately 54 x 
10 cm. The inflorescence is up to 1 meter tall, bearing 10-
15 flower buds, a third of them blooming simultaneously, 
not usually all opening together, but occasionally there are 
fully opened flowers. Flowers are about 3 cm broad with a 
unique combination of colors. Sepals are oblong-
lanceolate, acute, facing forward, 2.5 x 0.4 cm, a dull 
reddish brown combined with some green, petals shorter 
and broader, 2 x 0.6 cm, white apically, often with some 
reddish stripes to the base, shrouding the column. The lip is 
trilobed; the side-lobes erect, and the mid-lobe with 
undulate margins forwards and down to the tip, white with 
brown veins in the center and pink veining toward the 
edges, 2 cm long and 1.2 cm wide, spur short at the base of 
flower. Fruit is oval measuring 5 cm x 1.3 cm. 

Eulophia spectabilis is spread widely, ranging from 
India, Myanmar, Sri Lanka, China, Thailand, Peninsular 
Malaysia, Singapore, Borneo, Sumatra, Java, Sulawesi, and 
the Philippines, to Papua New Guinea and the Solomon 
Islands (Seidenfaden and Wood 1992; Comber 1990; 
Comber 2001). 

 
Calanthe triplicata (Willem.) Ames  

It is a terrestrial orchid with pseudo-bulbs close 
together, each pseudo-bulb bearing 5-8 leaves. Leaves are 
lanceolate, acuminate tipped, green, 50-60 x 10-20 cm on 
10-20 cm long petioles. The inflorescence is up to 100 cm 
high, bearing dense (10-50) pure white or creamy white 
flowers, with short persistent green flower bracts. The lip is 
trilobed, the side lobes oblong, the mid-lobe deeply divided 
into two and splitting apart, callus between the side-lobes 
can be white, yellow or red; spur ± 1 cm long, at the base 
and parallel to the pedicel, white (Comber 1990). 

It grows in a very broad range of habitats, ranging in 
altitude from 0 to 1,850 m asl.. Therefore, variations in the 
shape and colour of flowers are also diverse. It is 
widespread from Madagascar, India, Southeast Asia, Japan, 
and Australia, to the Pacific Islands (Comber 1990). 

 
Corymborkis veratrifolia (Reinw.) Blume 

This is a tough, evergreen, terrestrial orchid without 
underground storage. It has a hard, erect, unbranched and 
leafy stem, growing to 1.5-2 m tall. Leaves are lanceolate, 
plicate and tough, with pointed leaf tip; sessile, leaf 
position alternately around the stem, about 35 x 10 cm. The 
inflorescence is axillary, arranged in panicles, branched, 
each branch bears pure white flowers with green stipule. 
Sepals are lanceolate, acute, spreading; petals oblong, 
spreading wider, apices curled back; lip is trilobed, entire, 3 
cm long and 1.5 cm broad, convex, the margins undulate 
(Comber 1990). 

Epiphytic orchids  
The epiphytic orchids found in Babul NP are very 

interesting, there were about 42 species. Some species are 
only found in eastern Indonesia, and are even endemic to 
Sulawesi (e.g. Coelogyne celebensis and Aerides inflexa). 
The populations of A. inflexa found were abundant, 
growing along the roadside on the trunk and branches of 
tamarind trees. There are some unique, endemic or 

attractive species or new record which will be described in 
this paper. 

 
Aerides inflexa Teijsm. & Binn. 

Aerides inflexa is one of the orchid species that are 
endemic to Sulawesi (O'Byrne 2001). Generally, this 
species grows in the lowlands at an altitude of 200-300 m 
asl., and is found growing along the road to Babul NP on 
the trunks and branches of tamarind trees, and also, 
scarcely, in Pattunuang and Tompo Bulu. In Lambusango-
Kakenauwe Nature Reserve (Buton island, Southeast 
Sulawesi), A. inflexa is often found on the stems and 
branches of host plants ‘wola’ (Vitex cofassus) and 
‘angsana’ or ‘cendana’ tree (Pterocarpus indicus), the local 
names for these trees given by the Buton people 
(Puspitaningtyas 2011). The preference of the orchid for a 
particular host plant actually depends on the dominant trees 
in that area; i.e. those that can create a suitable 
microclimate for the orchid in regards to providing a 
suitable intensity of light, air movement, air temperature 
and humidity. 

Aerides inflexa is an epiphytic orchid, is monopodial, 
single stemmed, pendulous, up to 75 cm. The leaves are 
thick and tough, strap-shaped, positioned in two rows, 
green, 11-31 cm long and 1.5-3 cm wide. Its inflorescence 
is axillary, pendulous, about 50 cm long, bearing more or 
less 25 flowers, well spaced, each flower being 2-3 cm 
broad, white with purple blotch on the tip of sepals and 
petals; fragrant with a soft scent. 

Coelogyne 
There are two members of the genus Coelogyne 

encountered in the Babul NP i.e. C. celebensis and C. 
rumphii. The two species have morphological similarity in 
leaves as well as in flowers, but the leaves of C. celebensis 
are widened at the ends (obovate), in contrast to leaves of 
C. rumphii. 

Coelogyne rumphii Lindl. 
Coelogyne rumphii is an epiphytic orchid, sympodial, 

with pseudobulbs oblongoid, obtusely 4-ridged, about 10 
cm and 4 cm in diameter, each bearing one leaf on the top 
of the pseudobulb. Leaves are lanceolate, with apex 
acuminate, 10-50 cm long, 5-11 cm wide, light green. The 
inflorescence emerging from the tip of a new shoot, is 
erect, 15-30 cm long, with 2-6 flowers, but the flowers 
opening in succession; fully open, 4-8 cm in diameter. 
Sepals are oblong-lanceolate, with apex acuminate, 
measuring 4 x 1 cm, and lateral sepals leaner, and 
measuring 4 x 0.7 cm, yellow to creamy yellow; petals 
linear, apex acute, recurved, measuring 3.5 x 0.3 cm, 
yellow to creamy yellow; the lip is trilobed, the light brown 
side lobes are erect, white with light brown to orange, the 
mid-lobe is wider, about 4 cm long and 3 cm wide, white 
on the tip of lips, two ribs which extend from the apex and 
converge on the midlobe, margins undulate, the lip tip is 
slightly bend downward; the column is greenish yellow, 
slightly fragrant. This species is recognized by the five 
rows of slender, tapering, undulating, plate-like projections 
on the keels (Gravendeel and de Vogel 2000). 
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Figure 3. Terrestrial orchid diversity in Bantimurung-Bulusaraung National Park, South Sulawesi, Indonesia. A. Nervilia plicata, B. 
Nervilia punctata, C. Nervilia concolor, D-E. Habenaria beccarii, F-G. Eulophia spectabilis, H-I. Corymborkis veratrifolia, J. Calanthe 
triplicata, K. Tropidia angulosa 
 
 
 

This species grows as an epiphyte in lowland primary 
forest from 100 m asl. to an altitude of 1,100 m asl.. Its 
distribution up to now had appeared restricted to Maluku 
(Gravendeel and de Vogel 2000). But now this species is 
reported here as a new record in South Sulawesi. 

 
Coelogyne celebensis J.J. Sm. 

This is an epiphytic orchid, sympodial, with 
pseudobulbs oblongoid, distinctly 4-ridged, about 7 cm 
long and 2 cm in diameter, each bearing 1-2 leaves on the 
top of the pseudobulb. Leaves are obovate-lanceolate, 
acuminate, with seven main veins, about 32 cm long and 12 
cm wide. The leaf texture is not stiff but slightly soft, with 
margins slightly wavy. The inflorescence emerges from the 
tip of a developing pseudobulb; its length can reach 30 cm, 
with 3-7 flowers opening in succession, the old blooms 
lasting no more than a week; flowers are 7-8 cm in 
diameter. Sepals are oblong-lanceolate with acuminate 
apex, about 5-6 cm long and 1.5-2 cm wide, pale yellow; 

while lateral petals are linear, same width for about 5-6 cm 
long, and only 0.2 cm wide, pale yellow. The lip is trilobed, 
the brown side lobes being erect; the mid-lobe is wider, 
about 5 cm long and 4 cm wide, white with dark brown on 
the tip of the lip, two ribs which extend from the apex and 
converge on the midlobe, margins undulate, the end part of 
lip is slightly rolled down; column is pale green to orange 
at the apex, not scented. This species is recognized by the 
dark brown elongated lip, with tapering projections on the 
keels, and broad sidelobes with obtuse front margins 
(Gravendeel and de Vogel 2000). 

Coelogyne celebensis an orchid endemic to Sulawesi 
(O'Byrne 2001). Its current known distribution is confined 
to Sulawesi (Central to South Sulawesi). It grows as an 
epiphyte in primary forests of the lowlands up to an altitude 
of 1,000 m asl.. In Babul NP (Bentenge), it was found 
growing at an elevation of 793 m asl., whereas in 
Faruhumpenai Nature Reserve it has been found at an 
altitude of 643-750 m asl. (Puspitaningtyas 2013). 
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Figure 4. Epiphytes orchid diversity in Bantimurung-Bulusaraung National Park, South Sulawesi, Indonesia. A.Coelogyne rumphii, B. 
Coelogyne celebensis, C. Dendrobium sphenochilum, D. Aerides inflexa, E. Cleisostoma subulatum, F. Phalaenopsis amboinensis, G. 
Dendrobium lampongense 

 
 

 
 
Dendrobium lampongense J.J. Sm. 

This epiphytic orchid has cylindrical stem-like 
pseudobulbs with many nodes. Leaves are lanceolate, about 
2.25-3,.5 cm. When young the plant is leafy but it loses its 
leaves later. The inflorescence emerges from the leafless 
stem, 2-6 flowers in each cluster, each 4.2-4.8 cm in 
diameter when blooming; yellow.  

It is found in Thailand, Malaysia, Borneo, and Sumatra 
(Seidenfaden and Wood 1992) in lowland and hill forests at 
an altitude of 200-300 m asl.. Thus, South Sulawesi is a 
new distribution area (new record) for this species. It was 
found at an altitude of 90 m asl. in the karst hills of 
Pattunuang of Babul NP. 

 
Dendrobium sphenochilum F.Muell. & Kraenzl. 

This species was once commonly known as 
Dendrobium litoreum F.M. Bailey, but now the valid name 
is Dendrobium sphenochilum F.Muell. & Kraenzl. This 
epiphytic orchid has short stems close together arising from 

a rhizome, and pendulous. Leaves are triangular in cross-
section, sickle-shaped, lanceolate, thick, fleshy, distichous. 
The inflorescence is terminal and rarely axillary, the 
flowers arise from nodes near or at the apex of the stem and 
on black dry bracts, in pairs, white with a yellow stain in 
the center of the lip; the flowers are fragrant, 2-2.5 cm 
wide, with short-lived blooming, lasting no more than a 
week. 

 Its distribution is mainly in eastern Indonesia including 
Sulawesi, Moluccas, Papua and Papua New Guinea 
(Puspitaningtyas et al. 2013) at elevation of 50-500 m asl.. 
In Bentenge of Babul NP, this species was found growing 
at an altitude of 793 m asl.. 

 
Cleisostoma subulatum Blume 

Cleisostoma subulatum is an epiphytic orchid with a 
semi pendulous stem and upturned apices. The leaves are 
thick, fleshy, cylindrically shaped like a pencil, V-
channeled especially when young, subulate to the apex or 
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acuminate, 10-17 cm in length. The inflorescence is 
unbranched, pendulous, bearing around 25-40 flowers, 
blooming sequentially starting from the base to the tip. 
Flowers are about 8-11 cm wide, with sepals and petals 
bent backwards, and colored creamy white at the base with 
two longitudinal median reddish brown streaks; the lip is 
trilobed, thickening at the base, white and yellow, midlobe 
obtuse, violet and whitish at the apex. 

Its distribution is widespread, from Assam in India, 
Bangladesh, the Himalayas, Bhutan, Sikkim, Myanmar, 
Thailand, Cambodia, Vietnam, Peninsular Malaysia, 
Sumatra, Java, Lesser Sunda Islands, Borneo, Moluccas 
and Sulawesi, to the Philippines. It is a common plant, 
found in the lowlands at an altitude of 100-500 m asl. 
(Comber 1990; Seidenfaden and Wood 1992). This species 
can be found growing at an elevation of 90 m asl. in 
Pattunuang of Babul NP. 

 
Abdominea minimiflora J.J.Sm. 

This small epiphytic orchid has thick roots and a very 
short stem, about 1.5 cm long, bearing 4-7 flat leaves. The 
leaves are rather thick, elliptic-oblong, lanceolate, 3-6.5 cm 
long and 1.8 cm wide. The inflorescence is 15-20 cm long, 
bearing 25-50 flowers, of which about 5 are fully open at 
any one time. The flowers are small, with a diameter about 
0.3-0.5 cm, and are pale greenish yellow in color (Comber 
1990; Yuzammi and Hidayat 2002). 

This species is fairly common in Asia, particularly in 
Thailand, Peninsular Malaysia, the Philippines, Borneo, 
Java, and Bali (Comber 1990) and Sulawesi (Yuzammi and 
Hidayat 2002). Thus in Indonesia, this species can be found 
in Java, Bali, Kalimantan and Sulawesi. 

 
Phalaenopsis amboinensis J.J.Sm. 

Only one species of Phalaenopsis was found in Babul 
NP, that is Phalaenopsis amboinensis J.J.Sm. It is 
epiphytic, monopodial, with a short stem completely 
enclosed by imbricating leaf sheaths; leafy, with thick, 
fleshy, elliptic to oblong-elliptic or oblanceolate leaves. 
The inflorescence is axillary, with flower stalks much 
shorter than the foliage, arching or spread out, 15-20 cm 
long, bearing 2-4 flowers. Flowers are rounded when in full 
bloom, 6 x 5 cm in diameter; fragrant. The dorsal sepal and 
petals are elliptic-ovate and the lateral sepals are oblique-
ovate, acute, yellow or white with horizontal reddish-
brown bars. This species is found only in eastern Indonesia, 
comprising the area of Sulawesi, Moluccas, Papua, and 
Papua New Guinea, at low elevation in shady and humid 
forests (Sweet 1980; Christenson 2001). 

Based on this study, the orchid collections were found 
in the Bantimurung-Bulusaraung National Park are very 
diverse. The Orchid inventory recorded 60 species, 
classified among 32 genera. Among those recorded in the 
study, Coelogyne celebensis and Aerides inflexa are 
epiphytic orchids endemic to Sulawesi. Populations of both 
were relatively common in Babul NP. The terrestrial orchid 
Habenaria beccarii was observed to be specialized, mostly 
growing on rocky terrain, found in almost all exploration 
locations. H. beccarii is endemic to Sulawesi and the 
Moluccas. Similarly, Phalaenopsis amboinensis is only 

found growing in eastern Indonesia. P. amboinensis is one 
of the vulnerable orchids which is protected by 
Government Regulation No. 7 in 1999. These endemic 
orchids need to be protected from extinction in the wild, so 
plant conservation measures are recommended both in situ 
and, as a back-up, by protected ex situ cultivation. If the 
population is observed to be declining, then conservation 
by a reintroduction program should be carried out to restore 
the populations in their natural habitat.  

The existence of orchids have become rare and 
endangered due to over exploitation, as well as habitat 
destruction. Although CITES (the Convention on 
International Trade in Endangered Species of Wild Fauna 
and Flora) about orchid has been formed to protect the 
threaten wild orchid survival, but in fact orchids species 
have still threaten in the wild due to over-exploitation of 
commercially traded. Special case on genus Paphiopedilum 
which is included in appendix 1 CITES (no Paphiopedilum 
being traded internationally), at this time the existence of 
Paphiopedilum in Indonesia are threaten in the wild and 
become a priority for conservation (Risna et al. 2010). 
Besides that all orchids species except Paphiopedilum 
included in appendix 2 CITES, to trade orchid species 
should be issued quotas. But in Indonesia was no quota 
issued for orchid, it means that orchid species may not be 
traded internationally. Furthermore, the Indonesian 
Government has also issued a Government Regulation No 
7 in 1999 to protect the flora and fauna of Indonesia which 
are endangered, such as species of Nepenthes, Orchid, 
Palm etc. For conservation purpose, cultivated commercial 
plant species should be encouraged, in order to avoid over 
exploitation from the wild. 
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Abstract. Sulistyo B. 2017. The accuracy of the outer boundary delineation of coral reef area derived from the analysis of various 
vegetation indices of satellite Landsat thematic mapper. Biodiversitas 18: 351-358. This research aimed at determining the accuracy of 
the outer boundary delineation of coral reef area derived from the analysis of various vegetation indices of satellite Landsat Thematic 
Mapper in Enggano Island, the District of North Bengkulu, Bengkulu Province. The vegetation indices of Landsat Thematic Mapper 
analyzed were the Ratio Vegetation Index, the Normalized Difference Vegetation Index, the Soil Adjusted Vegetation Index, the 
Transformed Soil Adjusted Vegetation Index, the Modified Soil Adjusted Vegetation Index and the Transformed Vegetation Index. The 
result of every analysis of vegetation index (index map) was then used as a base for on-screen digitization of the points assumed to be 
the outer boundary of coral reefs in order to get digital data. Digitization of shoreline was also done to create an inner boundary of coral 
reefs. When it is combined with its outer boundary then the calculation of the area is possible. The accuracy of the result was validated 
by overlaying it onto Map of Coral Reefs derived from a topographic map of Joint Operation Group. To justify whether the accuracy is 
good (or accepted) or not good (or not accepted), a threshold value proposed by Justice and Townshend was chosen, those are Poor 
(when the accuracy is < 70%), Moderate (when the accuracy is between 70% and 85%), and Good (when the accuracy is ≥ 85%). The 
results of the research showed that the accuracy of RVI and NDVI values were Poor, those are 67.11% and 66.42%, respectively, so it 
could not be used for further analysis. The other results were Moderate, those are 73.33% for SAVI, 74.22% for TSAVI, 77.32 % for 
MSAVI and 77.33% for TVI, and may be used as a quick alternative when the map is absent. 

Keywords: coral reefs, Landsat, outer boundary delineation, vegetation index 
Abbreviations: JOG: Joint Operation Group, MSAVI: Modified Soil Adjusted Vegetation Index, NDVI: Normalized Difference 
Vegetation Index, RVI: Ratio Vegetation Index, SAVI: Soil Adjusted Vegetation Index, TSAVI: Transformed Soil Adjusted Vegetation 
Index 

INTRODUCTION 

The coral reef area in Indonesia is 50,875 km2 or 18% 
of the world's coral reefs. However, in 2012 the area of 
coral reef area decreased to 39,500 km2 (Burke et al. 2012). 
Coral reef ecosystem is a unique ecosystem found in 
tropical areas (Samuel et al. 2015). Coral reef ecosystems 
are fertile, biologically diverse and highly productive. 
Coral reefs also serve as breeding sites, and shelter for 
organisms that live in them. Various organisms living in 
coral reefs are biological sources that can be exploited for 
the benefit of humans, such as raw materials for 
pharmaceuticals and food. Furthermore, coral reefs 
contribute positively to marine fisheries and tourism 
(Suciati and Arthana 2008). Bertels et al. (2008) mention 
that coral ecosystems also offer an invaluable economic 
resource for the people living along the coast. However, 
these ecosystems are extremely sensitive to changes in the 
environment. Coral reef growth is affected by sunlight, 
temperature, salinity, water transparency, water movement, 
and the substrate, while the limiting factors include the 
water depth (coral reefs cannot thrive in waters deeper than 
50-70 meters) and tides (coral reefs grow at a rate of the 

lowest tides). There are 3 types of reefs, namely fringing 
reefs/shore reefs, barrier reefs, and atoll. 

Several years ago, most of the provinces in Indonesia, 
including Bengkulu Province, conducted an inventory of 
coastal and marine areas through a project-based activity 
called Marine and Coastal Resource Management. This 
activity is an early stage of coastal and marine area 
planning (Sulistyo 2007, 2012). 

Every planning activity requires the availability of 
complete, detailed and up-to-date data. Such data are 
generally obtained by resource inventories. One of the 
necessary documents required for the integrated planning 
of coastal and marine areas is the Coral Reef Map. By 
knowing the boundary and distribution of coral reefs, the 
determination of the planning and development of coastal 
and marine areas can be conducted better. 

Making up-to-date coral reef maps using conventional 
technology is not easy because it will take time, effort and 
high cost. Remote sensing is a technology which can 
provide up-to-date maps of large areas quicker, easier and 
cheaper (Mustafa et al. 2009; Warnasuriya et al. 2014). To 
know the information of objects that have been recorded by 
the sensors, one needs to interpret, i.e. to connect data 
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recorded with real objects on the surface of the earth and 
assess their importance (Liang et al. 2012). Interpretation 
of digital data is an important process to obtain information 
from satellite data. 

There are several interpretation techniques that can be 
used to obtain the delineation and the distribution of coral 
reefs, namely multispectral classification with maximum 
likelihood as done by Sulistyo (2007), while Pahlevan et al. 
(2006) and Benfield et al. (2007) used the algorithm of 
SWIM (Shallow Water Image Mapping). Another method 
is the object-oriented classification, which consists of two 
steps, i.e., segmentation and classification. Segmentation 
creates image-objects and is used to build blocks for further 
classifications based on fuzzy logic. Another method that 
has been used is ISODATA (Iterative Self-Organizing Data 
Analysis), which uses a combination of Euclidian squared 
distance and the reclassification of the centroid. A study 
conducted by Sulistyo (2007) revealed the Overall 
Accuracy of 80.47%, indicating that the accuracy obtained 
can be considered good (according to Daels and Antrop, 
1981). However, the interpretation techniques to delineate 
the outer boundary of coral reefs based on the analysis of 
vegetation indices have never been implemented. 

This study aimed to determine the accuracy of the outer 
boundary delineation of coral reefs area derived from the 
analyses of various vegetation indices of satellite Landsat 
Thematic Mapper in Enggano Island, the District of North 
Bengkulu, Bengkulu Province. 

MATERIALS AND METHODS 

Study site 
The study was conducted from May to July 2016 in 

Enggano Island in the District of North Bengkulu, 
Bengkulu Province, Indonesia. Geographically, Enggano 
Island is located between 102.13o and 102.44o East 
longitude and between 5.27o and 5.52o South latitude. 
Enggano Island is 40,060 hectares, consisting of 6 villages 
with a population of about 2,864. Enggano Island is about 
96 miles from the mainland of Bengkulu and can be 
reached using the ferry or, temporarily, a small airplane. 
The sea depth data published by the Department of Hydro 
Oceanography of the Navy shows that the coral reefs area 
is at a depth of less than 10 meters below sea level. 
Moreover, the water clarity is almost 100% in which one 
can see the bottom of the sea with the naked eye, except 
when the rains fall. Those conditions make it possible for 
the detection of the existence of coral reefs using Landsat 
Thematic Mapper. Coral reefs area lies between the 
coastline and outer edge of the reef crest. So, its outer limit 
is the outer edge of the reef crest. Coral reefs in Enggano 
Island consists of about 80% of DCA (Dead Coral Algae), 
while its lagoon is covered by seagrass and its subsequent 
is covered by algae. 

 
 
 
 

 
 
Figure 1. Location of the research in Enggano Island in the District of North Bengkulu, Bengkulu Province, Indonesia 
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Vegetation index analysis as a basis for delineation of 
coral reef outer boundary 

In the analysis of digital of remote sensing data, there is 
an analysis called vegetation index (Danoedoro 2012). 
Vegetation index is a mathematical combination of satellite 
bands, which have been found to be a sensitive indicator of 
the presence and condition of green vegetation. It is based 
on the reflectance properties of vegetation in comparison 
with water on one hand and bare soil on the other hand. 
Vegetated areas have high reflectance in the near infrared 
and low reflectance in the visible red (Liang et al. 2012). 
One of the analyses of vegetation index is called the NDVI, 
calculated from the visible and near-infrared light reflected 
by vegetation. The healthy vegetation absorbs most of the 
visible light that hits it and reflects a large portion of the 
near-infrared light. Unhealthy or sparse vegetation reflects 
more visible light and less near-infrared light. Calculations 
of NDVI for a given pixel always result in a number that 
ranges from minus one (−1) to plus one (+1). However, no 
green leaves give a value close to zero. A zero means that 
there is no vegetation and close to +1 (0.8–0.9) indicates 
the highest possible density of green leaves, while negative 
values (< 0) indicates waterbody. NDVI is defined as 
(Silleos et al. 2006): 

 
NDVI =   (NIR – R)     

 (NIR + R) (1) 
 

where NIR and R indicate channel or band of Landsat 
Thematic Mapper near infrared and visible red 
respectively. 

NDVI was originally developed by Rouse, Haas, 
Deering, Schell, and Harlan in 1974 (Silleos et al. 2006). 
Then, the concept of NDVI was modified by other 
scientists to take into account other factors. In 1975, 
Deering made modifications of NDVI into TVI by adding a 
constant of 0.5 at all values and then calculating the square 
root of the result. The addition of a constant 0.5 is aimed to 
avoid the negative value of NDVI, whereas the square root 
is intended to correct the NDVI value which is closer to the 
Poisson distribution than to Normal distribution. In 1988, 
Huete modified NDVI to be SAVI to minimize the effect of 
soil background on the vegetation signal by incorporating a 
constant soil adjustment factor L into the denominator of 
the NDVI equation. Subsequently, in 1991, Baret and 
Guyot modified SAVI into TSAVI by adding an additional 
correction factor of 0.08 to minimize the effect of 
brightness coming from a background of soil. Likewise, in 
1994, Qi modified SAVI into MSAVI to minimize the 
effect of brightness coming from a background of soil in 
different vegetation cover (Silleos et al. 2006).  

Some other vegetation index formulae are (Silleos et al. 
2006): 
 

RVI =   (NIR)  
 (R) (2) 

 
SAVI =   (NIR – R)*(1 + 0.5) 

 (NIR + R + 0.5) (3) 

TSAVI =  γ (NIR – γR – b) 
 (γ NIR + R + γb + X (1+ γ2)) (4) 
 
MSAVI = NIR + c – √ ((NIR + c)2 – 2 (NIR – R)) (5) 

 
TVI   =  √((NIR – R)/(NIR + )) + 0.5 (6) 

 
where X is the noise soil, i.e. 0.08, γ is the slope of soil 
line, i.e. 1.05, b is the coefficient value, i.e. 0.044, and c is 
the coefficient value to reduce the variation of soil 
calibration, i.e. 0.5. 

Newly image as the result of the analysis of vegetation 
index also called as index map can then be used as a basis 
for digitization or delineation of coral reef outer boundary. 

Procedures 
The main data used in the study were the Map of JOG 

covering Enggano Island at a scale of 1: 100,000 (which 
was firstly published in 1942) and Landsat Thematic 
Mapper satellite imagery covering Enggano Island 
(path/row of 125/064) recorded in 2000. The analyses were 
performed using GIS Program called ILWIS (Integrated 
Land and Water Information System) version 3.4 and 
ArcView version 3.3. The stages of research were: (i) 
preparation, (ii) analyses of vegetation indices, (iii) 
Digitization (delineation), (iv) overlay analysis, and (v) the 
writing and map-making. The flow diagram of the study is 
presented in Figure 2. 

Relevant literature, maps, satellite data, and equipment 
were prepared during the preparation phase. Prior to 
analyses of vegetation indices, radiometric correction 
(applying a simple radiometric correction based on 
subtraction of minimum values of the histogram) and 
geometric correction of the Landsat Thematic Mapper were 
done. The next step was digitization or delineation of the 
outer boundary of coral reefs. Digitization is the conversion 
of analog data into digital data. Digitization was done using 
the on-screen digitizing technique, that is performing 
digitization (delineation) on the imagery of the results of 
vegetation indices analyses, also called as index map, 
which is shown on the monitor. Digitization of shoreline 
was also done to create an inner boundary of coral reefs 
area such that when it is combined with its outer boundary 
then the calculation of the area is possible. Digitization was 
also carried out for the coral reefs shown on the map of 
JOG. At the overlay analysis phase, the result of 
digitization of coral reef-derived from index map (used as a 
Slave) was overlaid on a coral reef-derived from map of 
JOG (used as Master), in order to get the overall accuracy, 
errors of omission and errors of commission are come up 
(Strahler et al., 2006), as illustrated in Figure 3. Overall 
Accuracy is the correctly analyzed coral reef area, 
indicating that coral reefs exist not only in the Reference 
Map but also in the Results of Digitizing. Commission of 
Error is the area where the coral reefs are found only in the 
Reference Map but not in the Results of Digitizing, while 
Commission of Error is the area where coral reefs are not 
found in the Reference Map but they are found in the 
Results of Digitizing. To justify whether the accuracy is 
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good (or accepted) or not good (or not accepted) a 
threshold value proposed by Justice and Townshend (1981) 
is chosen. Justice and Townshend (1981) categorized 
threshold value into 3, those are Poor (when the accuracy 
is < 70%), Moderate (when the accuracy is between 70% 
and 85%), and Good (when the accuracy is ≥ 85%). 

RESULTS AND DISCUSSION 

The color composite of Landsat Thematic Mapper 
satellite imagery covering Enggano Island is presented in 
Figure 4. In general, the object of the coral reef appears in 
dark blue, the sea water is presented in black, clouds in 
white, while the vegetation is green. The reflectance range 
of NIR band in the reef area is between 11 and 137, while 
the Red band is between 30 and 220. 

Coral reef map delineated from Map of JOG is 
presented in Figure 5, while coral reef maps delineated 
from the result of analyses of vegetation indices is 
presented in Figure 6. Their area is presented in Table 1. 

The results of the interpretation of Landsat Thematic 
Mapper satellite imagery which was recorded in 2000 
showed that the area of coral reefs in Enggano Island was 
5,676.35 hectares (in average). Reefs grow around  

Enggano Island with thickness, i.e.the distance from the 
shoreline towards the sea, ranging from 200 meters (in the 
North) to 1,300 meters (in the East, South, and West). On 
the contrary, in the South coast of Enggano Island, where 
the presence of mangrove are rare (because the beach 
directly faces the waves from the Indian Ocean), the coral 
reefs are thicker. This shows that the waves are not 
extremely strong, so that coral reefs still grow. 

 
 

 
 
Figure 3. Illustration of the accuracy evaluation using overlay 
analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 2. Flow diagram of the study 
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Figure 4. Color composite image of Landsat Thematic Mapper 
covering Enggano prior to analyses 
 
 

  
 

 
 

 
Figure 5. Map of coral reefs derived from Map of JOG 
 
    

Table 1. Total area of coral reefs as a result of digitization 
 

Data sources Area 
(hectares) 

Map of JOG (Reference) 6,116.18 
Analysis of NDVI 4,964.93 
Analysis of RVI 5,022.99 
Analysis of SAVI 5,726.06 
Analysis of TSAVI 5,750.51 
Analysis of MSAVI 6,074.00 
Analysis of TVI 6,079.79 
Average 5,676.35 
 
 
 
Table 2. The accuracy level of the results of the analysis of a 
several vegetation indices from Landsat Thematic Mapper 
 
Vegetation index Overall 

accuracy 
Commission 

of error 
Commission of 

error 
NDVI 66.42 34.40 14.76 
RVI 67.11 32.40 15.02 
SAVI 73.33 26.78 20.29 
TSAVI 74.22 25.72 19.80 
MSAVI 77.32 22.62 21.99 
TVI 77.33 22.61 22.07 

 
 
 
In the planning of marine and coastal zone 

management, including coral reef conservation, it is 
important to have accurate data on both the area and 
distribution of coral reefs to avoid any over-estimate or 
errors. The accuracy values of the analyses of several 
vegetation indices are presented in Table 2. 

The results showed that the Overall Accuracy values 
were between 66.42% and 77.33%, meaning that the 
Overall Accuracy valued of the digitization of Landsat 
image analysis results obtained from the analyses of 
vegetation indices were classified as Poor for NDVI and 

RVI (66.42% and 67.11% respectively), so that the 
information obtained could not be used for further 
purposes. Other results were classified as Moderate for 
SAVI, TSAVI, MSAVI and TVI (73.33%, 74.22%, 77.32% 
and 77.33% respectively). It reveals that the adjusted, 
transformed and modified vegetation indices are better than 
those original vegetation indices. These results were similar 
to the research done by Sulistyo et al. (2009) when 
applying various vegetation indices to map C factor to 
calculate erosion at the watershed. Vegetation indices 
considering soil background tend to result in a better map 
of C factor compared to those which are not considering 
soil background. 

Actually, the Overall Accuracy achieved (between 
66.42% and 77.33%) were not significantly different if it is 
compared to other similar research done by another 
researcher, and even higher. Awak et al. (2016) used 
satellite data of RapidEye to map benthic habitats in Owi 
Island, Biak, Papua ave and the overall accuracy was 
73.42%. From the aspect of spatial resolution of satellite 
data that was used, then the analysis of various vegetation 
indices as a basis for digitization or delineation of coral 
reef outer boundary will give quite good result. Landsat 
Thematic Mapper only has a spatial resolution of 30 by 30 
meters, whereas RapidEye has a spatial resolution of 6.5 by 
6.5 meters. The Landsat Thematic Mapper has a lower 
spatial resolution than the spatial resolution of RapidEye. 
The spatial resolution is inversely proportional to the 
overall accuracy. Thus, the use of RapidEye satellite data 
should be able to produce the overall accuracy much higher 
than with the use of Landsat Thematic Mapper. However, it 
must be realized that the determination of the overall 
accuracy must consider many factors, some of which are i) 
desired end product; ii) desired accuracy; iii) extent of the 
study area; iv) available funding; v) logistics related to 
field work/ground truthing; and vi) available time (Ferreira 
et al. 2009). 
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Figure 6. Maps of coral reefs as a result of the analyses of various vegetation indices from Landsat Thematic Mapper satellite 
 
 
 

Nowadays, the use of remote sensing technology is 
something indispensable in various studies, including the 
mapping of coral reefs boundary. But, the current 
applicability and generalization of remote sensing research 
in coral reef habitat mapping remain problematic due to the 
intrinsic differences in each studied reef. The choice among 
several satellite data sources available (e.g. Landsat, SPOT, 
Ikonos, WorldView, QuickBird, RapidEye, CASI), all of 

which offer different degrees of accuracy, resolution and 
spectral characteristics, creates additional disparity. Finally, 
because of the use of various different habitat classification 
methods and mapping techniques, it is difficult to make 
comparisons between approaches, and this makes each 
mapping of coral reef habitats unique (i.e. Mumby and 
Edwards 2002; Purkis et al. 2002; Andrefoüet et al. 2003). 
Thus, it is not surprising if the purposes of the production 
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of a map of major coastal habitats are as a background for 
further investigation, and for management, Mumby and 
Green (2000) assumed that a relatively low overall map 
accuracy (60%) is deemed appropriate. So, with the 
absence of a map of coral reefs in certain areas, analysis of 
vegetation indices using SAVI, TSAVI, MSAVI and TVI 
can be used as a quick alternative, although it is only 
limited to the information of the area, the inner and outer 
boundary of coral reefs. 

The spectral characteristics of coral reefs usually 
depend very much on the absorption and scattering 
properties of their benthic substances. Coral reef 
communities are large mosaics of coral, algae, and sand. 
Both coral and algae contain chlorophyll and other 
photosynthetic pigments, while spectral curve values of 
sand are higher (Xu and Zhao 2014). Applying vegetation 
index analysis by using equation (1) to (6) produces a 
generalized (simplified) pixel value than the variation of its 
original pixel value in the NIR and Red band respectively. 
It means that vegetation index analysis can’t be used to 
discern different features at the coral reefs area (such as 
living coral reefs, dead coral reefs, and coral reefs covered 
by algae). The more detail and comprehensive information 
related to coral reefs should still be collected by using other 
techniques which, usually, will take time, labor and cost. 
For example, to monitor the condition of coral reef 
ecosystems, it can be conducted by field survey, such as 
LIT (Lin Intercept Transect) or transect line, manta tow, 
belt transects and PIT (Point Intercept Transect) (English et 
al. 1994). 

The values of Omission of Error and Commission of 
Error were logically smaller than the figures obtained 
because in fact there was a time difference between the 
reference map (which was firstly published in 1942) and 
the results of interpretation (using satellite data which was 
recorded in 2000. In reality, from 1942 to 2000, the coral 
reefs had the opportunity to change, but it hardly happens. 
Provincial Agency for Marine and Fishery (2004) reported 
that in Enggano Island there were visible cracks on some 
coral reefs area as a result of the earthquake that hit the 
Province of Bengkulu in the year 2000, with a magnitude 
of 7.9 on the Richter scale. Moreover, as it happens in other 
places, over the past three decades, coral reefs worldwide 
have experienced major changes in structure and function 
due to both anthropogenic and natural impacts (Hoegh-
Guldberg et al. 2007; Mumby and Steneck 2008; Mahmud 
et al. 2015), and it seems that anthropogenic factor is 
considered to be the main factor to slow, and even to stop, 
the development of the reefs. 
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Abstract. Krisnawati A, Adie MM. 2017. The leaflet shape variation from several soybean genotypes in Indonesia. Biodiversitas 18: 
359-364. Leaves are part of the plant organs which are of importance to sustain the plant’s life. Generally, each plant has a varied leaflet 
shape depending on many factors. Soybean, as one of an important source of protein vegetable, has a diverse plant shape among its 
genotypes. The objective of the research was to evaluate the variation of leaflet shape of 150 soybean (Glycine max L.) genotypes and 
its relation to another growth and morphological characters. The leaflet shape of 150 soybean genotypes was intensively in Kendalpayak 
Research Station, Malang (Indonesia) from February to May 2016. This field experiment was conducted in randomized block design 
with two replicates. The leaf characterization of 150 soybean genotypes using LSI (Leaf Shape Index) method. Analysis of variance of 
observed soybean genotypes in terms of maturity traits and morphological attributes showed a significantly different among soybean 
genotypes, except for harvest index (HI) parameter. This indicates that there was variability in morphological characters among of 150 
soybean genotypes. The LSI value ranged from 1.40 to 3.05, in average of 2.04. Of all observed soybean genotypes, most of their 
morphological performance was an intermediate size (110 genotypes), while another 17 genotypes was a broad leaflet, and the rest (23 
genotypes) had a narrow leaflet. Genotypes with an intermediate leaflet apparently possessed the different morphological characters of 
seed in terms of size, weight/plant and yield compared to those leaflet shape of other genotypes. Among the broad leaflet group, 
accession No. 92 could be prospectively used as a gene donor for improving soybean yield potential in Indonesia due to its high yield 
production (3.05 t/ha), early maturity, and large seed size. In the group of intermediate leaflet, accession No. 18 could also be used as a 
potential gene donor showed in its high yield production (3.07 t/ha), early maturity, and large seed size. Meanwhile, the potential gene 
donor in narrow leaflet group, which could be further used were two genotypes (accession No. 20 and No. 22). 

Keywords: Glycine max, LSI, morphological characters, gene donor 

INTRODUCTION 

Leaves are the plant main organs for photosynthesis. 
The size and shape of the leaves varies in each plant 
depending on various factors including genotypes and 
geographical region. Soybeans, for example, has the variety 
of leaflet shape in each different genotypes. Generally, the 
leaflet shape of local soybeans or an improved soybeans 
from Indonesia has an intermediate shape between ovate 
and lanceolate. This is different with soybeans originating 
from sub-tropical regions, which has an ovate shape. 
Sawada (1988) reported that the leaflet shape index (LSI) 
could be used to describe the size of the leaves. Leaf shape 
index is the ratio of length to width leaflet prior to leaflet 
shape and size indication. LSI has a correlation with the 
actual leaf area (Ilkaee et al. 2010).  

Leaflet shape is considered as a qualitative trait and less 
influenced by environmental conditions (Sujata et al. 
2011). Leaflet shape has attributed to a single gene, with 
the homozygous dominant (LnLn) and the recessive (lnln) 
genotypes resulting in broad and narrow-leaves (Bernard 
and Weiss 1973). Research on G. soja showed that one or 
two recessive genes controlling the leaflet narrow shape, 
which are not allelic to the ln gene (Porter 2000). Chen and 
Nelson (2004) has successfully classified the leaflet shape 
and size of 661 wild soybeans. Of those wild soybeans 
classification, they mostly had the length/width ratio 

ranging from 1.3 to 6.2, and length from 3 to 14 cm. In 
term of leaflet shape diversity, they were classified into 
five categories i.e. oval, ovate, lanceolate, linear, and ultra 
linear while in the leaflet classes, they were three classes 
i.e. small, intermediate, and large. In Japan, Sawada (1988) 
determined the limit of leaflet shape index was 2.6 to 
differentiate between broad and narrow leaflet shape. 
Leaflet shape and leaflet size are associated with 
geographical origin. Accessions from South Korea, for 
example, have the smaller leaflet size than those from 
China, Japan, and Russia. In addition, accessions from 
China had more diverse leaflet than those from South 
Korea or Japan although the biggest leaflet variety was 
obtained in those from Russia. Nearly all of the accessions 
with lanceolate and linear leaflets originated from Russia 
(Chen and Nelson 2004).  

Leaflet shape associated with the morphological traits, 
it may also determine the performance of yield and yield 
components in soybean. A study conducted by You et al. 
(1995) in Southern China revealed that the lower number 
of soybean seeds per pod might be associated with the 
broader leaflet shape. Similarly, Jeong et al. (2012) also 
found that narrow leaflet soybean varieties apparently had 
more seeds per pod than those of broad leaflet varieties. 
This study has revealed a potential way to improve seed 
yield. Another study stated that narrow leaflet lines were 
favourable to yield at high plant population densities and 
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broad leaflet varieties were more favourable to yield at 
lower plant population densities. A research to optimize the 
function of leaf area and leaf shape to the photosynthetic 
rate showed that cultivars with lanceolate leaflets and 
smaller leaf area possessed the better light distribution 
through the canopy leading to the higher photosynthetic 
rates than those with larger oval leaves. Those various facts 
provide opportunity to increase soybean yield through 
manipulation of leaf shape (You et al. 1995). Sujata et al 
(2011) also stated that the leaflet shape i.e. oval, ovate, 
lanceolate and linear leaflets exhibited considerable range 
of variation in the plant height, days to flowering, days to 
maturity, specific leaf weight, and number of pods per 
plant, harvest index and 100 seed weight. Narrow leaflet 
plants produced more seeds per pod, but the seed 
apparently has a small weight, compared to those of ovate 
leaflet plants, which produced less seeds per pod with the 
large weight (Dinkins et al. 2002). The availability of 
genetic variation through breeding program provides a 
basic selection. Moreover, a breeding program provides 
valuable information to select diverse parents for 
hybridization programme. Thus, characterization of genetic 
variation in several soybean genotypes corresponding to 
the database collection of soybean gene source is of 
importance to soybean improvement purposes.  

The objective of the research was to evaluate the 
variation of leaflet shape of 150 soybean genotypes and its 
relation to another growth and morphological characters.  

MATERIALS AND METHODS  

The study was conducted at Kendalpayak Research 
Station, Malang, East Java, Indonesia, in the middle plains 
(at altitude 429 m above sea level). The field experiment 
was carried out in wetlands from February to May 2016. 
The experimental design was randomized block, 150 
soybean genotypes as sample trait, and each genotype had 
two replication. Each genotype was planted in 1.2 m × 4.5 
m plot size; 40 cm × 15 cm plant distance, two plants per 
hill. Fertilizer of 250 kg Phonska/ha with the addition of 
100 kg SP 36 was applied after sowing the seeds. Plant 
maintenance was conducted including irrigation, optimal 
control of pest and disease and intensive weeding.  

Morphological characters were observed on leaf length, 
leaf width, leaf shape index (LSI), days to flowering, days 
to maturity, plant height, number of filled pods/plant, 
number of empty pods/plant, number of branches/plant, 
number of nodes/plant, 100 seed weight (g), seed/plant (g), 
seed yield (t/ha), and harvest index (HI). The Leaflet Shape 
Index (LSI) defined as ratio of leaflet length to width was 
conducted by measuring the leaflet from the third node of 
the main stem when the condition of plants was categorized 
in physiological maturity (R7). An analysis of variance 
(ANOVA) was conducted for all observed parameters.  

The grouping of leaflet shape consisted of: (i) Broad 
leaflet: -2SD, (ii) Intermediate leaflet: -1SD <x<+1SD, 
and (iii) Narrow leaflet: +1SD. With x = the genotype 
value,  = average value, SD = standard deviation. 

RESULTS AND DISCUSSION 

Analysis of variance of soybean morphological characters 
A significant leaflet variation was found in all observed 

morphological characters, except for the harvest index (HI) 
(Table 1). This result implies that there was a different 
morphological characters among soybean genotypes, which 
it can be seen from the value of coefficient of variation 
(CV) ranging from 5.24% to 87.47%. The variety results of 
the morphological characters among soybean genotypes 
could also reflect the genetic diversity of soybean. The 
genetic diversity study is of importance to characterize the 
morphological and genetic variation of the germplasm. 
Furthermore, it also crucial study for the establishment of a 
basis collection by eliminating the redundant accession and 
identifying the potential lines for future breeding 
programmes purposes. 

Performance of morphological characters 
The leaf morphological characters observed in this 

study consisted of leaf length, leaf width, leaf shape index 
(LSI). The average of those characters was 9.12 cm (in 
range of 6.10-11.58 cm), 4.59 cm (in range of 3.20-6.73 
cm) and 2.04 (in range of 1.40-3.05), respectively (Table 
2). Another plant age morphological characters in terms of 
the flowering period and maturity period had an average of 
33 days (in range of 29.00-39.00 days) and 77 days (in 
range of 73.00-84 days), respectively. In Indonesia, the 
maturity period of soybean was grouped into three groups 
i.e. early maturity (< 80 days), medium maturity (80-90 
days), and late maturity (> 90 days). These clustering of 
maturity period might be different with those of soybean 
production worldwide. Based on the result of days to 
maturity, it can be seen that most evaluated soybean 
genotypes (150 genotypes) had the capacity to obtain an 
early maturation. 

Results of another growth parameters showed that the 
average of plant height was 55.45 cm (in range of 33.00-
74.00 cm). In terms of pods observation, it showed that the 
average filled pods was 39.89 pod/plant (in range of 22.70-
81.80 pods) and the average empty pods were 1.39 
pod/plant (in range of 0.10-8.70 pods). Meanwhile, the 
average branches per plant were 2.88 branches (in range of 
0.70-5.30 branches), and the average nodes per plant 10.19 
nodes (in range of 7.50-15.50 nodes) (Table 2). In the 
tropical region, such as Indonesia, plant height reaching to 
50 cm is an ideal plant height. Similarly, the number of 
pods attributing to plant productivity was in optimal 
conditions (40 pods/plant). Both morphological characters 
and also other growth morphological characters (number of 
nodes, number of branches, and number of empty pods) 
obtained in this study were importance to further create 
high yielding genotypes. 

The morphological characters of soybean seeds 
observed in this study consisted of seed weight, seed 
weight per plant, and seed yield (t/ha) with the total 
samples was 100 seeds per genotype. The average of 100 
seed weight was 16.60 g (in range of 13.07-22.65 g), 
average seed weight per plant was 13.41 g (in range of 
6.48-25.78 g), and average seed yield was 2.31 t/ha (in 
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range of 0.90-3.07 t/ha). Those seed morphological 
characters were in variety when it compared to all observed 
soybean genotypes. Based on seed size group of 150 
soybean genotypes, those seeds were clustered from 
medium seeds (10-14 g/100 seeds) to large seed (> 14 
g/100 seeds). Meanwhile, seed weight per plant and seed 
yield was in a fairly wide range, which give the possibility 
to obtain the prospective genetic material of soybean 
genotypes. The average harvest index (HI) obtained in this 
study was 0.38, in range of 0.25-0.44. The range of HI 
showed less variability among tested genotypes, showed in 
the insignificant result from statistical analysis using 
ANOVA (Table 1).  

The grouping of leaflet shape 
LSI defined as the ratio of length to width leaflet, could 

be used to determine the size and shape of leaves. Based on 
the leaf characterization of 150 soybean genotypes using 
LSI method, the results could be as follows: LSI < 1.67 
classified as broad leaves, LSI value between 1.67-2.41 

classified as intermediate, and LSI > 2.31 classified as 
narrow leaves. Among 150 soybean genotypes, mostly 
(110 genotypes) were intermediate, while the number of 
broad and narrow leaflet were 17 and 23 genotypes, 
respectively (Figure 1). 

LSI and morphological characters 
The performance of morphological characters in each 

group of LSI value was presented in Table 3. There was 
highly difference among the average of morphological 
characters in each LSI group. Results from days to 
flowering, days to maturity, and HI were equivalent to 
three groups of LSI. Based on plant height character, 
soybean genotypes grouped of LSI < 1.47 or broad leaflet, 
had a higher stem performance than other two LSI groups. 
A similar performance also showed by number of filled 
pod per plant and seed weight per plant of genotypes in the 
group of LSI < 1.47. In the group of LSI 1.47-2.41 
(intermediate leaflet), the number of branches, number of 
nodes and weight of 100 seeds were higher than those  

 
 
 
Table 1. Analysis of variance of morphological characters 150 soybean genotypes planted at Kendalpayak Research Station, Malang, 
East Java, Indonesia in 2016 
 

Parameter Mean Square CV (%) Replication Genotype 
Leaf length (cm) 27.16826** 1.90471* 12.80 
Leaf width (cm) 2.91658* 0.89452** 16.76 
Leaf shape index (LSI) 0.26107ns 0.22017** 16.28 
Days to flowering (day) 74.00333** 9.08682** 5.24 
Days to maturity (day) 88.56333** 11.85031** 2.49 
Plant height (cm) 1942.80211ns 112.79102* 16.25 
Number of filled pods/plant 1.41453ns 193.43034** 23.29 
Number of empty pods/plant 0.03853ns 2.50960** 87.47 
Number of branches/plant 1.77100ns 1.08040** 29.09 
Number of nodes/plant 1.61333ns 3.17145** 14.50 
100 seed weight (g) 10.37880* 5.55585** 7.52 
Seed/plant (g) 72.42253** 21.47234** 23.61 
Seed yield (t/ha) 28.58253** 0.34471** 18.47 
Harvest index (HI) 0.00136 ns 0.00173 ns 11.23 
Note: ns = not significant, ** = significant at 1% probability level (p<0.01), * = significant at 5% probability level (p<0.05) 
 
 
 
Table 2. The mean and range value of morphological characters of 150 soybean genotypes planted at Kendalpayak Research Station, 
Malang, East Java, Indonesia in 2016 
 

Parameter Mean Range Standard 
Deviation 

Leaf length (cm) 9.12 6.10-11.58 1.22 
Leaf width (cm) 4.59 3.20-6.73 0.76 
Leaf shape index (LSI) 2.04 1.40-3.05 0.37 
Days to flowering (day) 33 29.00-39.00 3.38 
Days to maturity (day) 77 73.00-84.00 6.69 
Plant height (cm) 55.45 33.70-74.00 8.71 
Number of filled pods/plant 39.89 22.70-81.80 10.29 
Number of empty pods/plant 1.39 0.10-8.70 1.12 
Number of branches/plant 2.88 0.70-5.30 0.77 
Number of nodes/plant 10.19 7.50-15.50 1.50 
100 seed weight (g) 16.60 13.07-22.65 2.13 
Seed/plant (g) 13.41 6.48-25.78 3.43 
Seed yield (t/ha) 2.31 0.90-3.07 0.45 
Harvest index (HI) 0.38 0.25-0.44 0.04 
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Table 3. Performance of morphological characters in each LSI group of soybean genotypes planted at Kendalpayak Research Station, 
Malang, East Java, Indonesia in 2016 
 

Parameter 
LSI 

< 1.47 1.47 <x< 2.41 > 2.41 
Mean Range Mean Range Mean Range 

Leaf length (cm) 8.24 6.10-10.23 9.14 7.03-11.05 9.68 8.28-11.58 
Leaf width (cm) 5.24 3.80-6.73 4.66 3.50-6.05 3.75 3.20-4.30 
Leaf shape index (LSI) 1.59 1.40-1.66 1.99 1.69-2.40 2.63 2.42-3.05 
Days to flowering (day) 33.00 30.0-38.0 32.00 29.00-39.00 33.00 30.00-37.00 
Days to maturity (day) 77.00 74.00-83.00 77.00 73.00-84.00 77.00 74.00- 82.00 
Plant height (cm) 56.99 46.00-73.70 55.19 33.70-74.00 55.78 42.60-68.05 
Number of filled pods/plant 42.01 24.10-59.30 40.54 22.70-81.80 35.18 25.30-48.90 
Number of empty pods/plant 1.60 0.60-4.00 1.39 0.10-8.70 1.23 0.30-3.70 
Number of branches/plant 2.86 0.70-4.20 2.91 1.30-5.30 2.73 1.60-3.73 
Number of nodes/plant 10.18 7.50-13.50 10.25 7.50-15.50 9.89 7.50-12.00 
100 seed weight (g) 16.06 13.95-18.93 16.69 13.27-22.65 16.55 13.07-20.23 
Seed/plant (g) 14.06 8.29-21.76 13.29 6.48-25.78 13.54 7.42-19.82 
Seed yield (t/ha) 2.31 1.70-3.05 2.30 0.90-3.07 2.38 1.81-2.87 
Harvest index (HI) 0.39 0.34-0.41 0.38 0.25-0.44 0.39 0.35-0.43 
 
 
 
 
 

 
  
Figure 1. The grouping of LSI from 150 soybean genotypes 
(Malang, East Java, Indonesia 2016) 
  
 

 
 
Figure 2. Variation in leaflet shape among 150 soybean 
genotypes. A = narrow leaflet, B = intermediate leaflet, C = broad 
leaflet. Bar = 2 cm 
 
 
 

obtained in the group of broad and narrow leaflet. 
Genotypes with narrow leaflet (LSI > 2.41) have less 
number of empty pods and higher yield than those obtained 
in genotypes with broad and intermediate leaflet.  

The analysis of the maximum value of morphological 
characters, particularly related to the character of 100 seed 
weight, seed weight per plant, and seed yield was observed. 
In the group of intermediate leaflet, genotypes with those 
observed seed characters possessed a higher value than 
those in broad or narrow leaflet. The maximal value of seed 
characters in the group of intermediate leaflet was 100 seed 
weight (22.65 g), seed weight per plant (25.78 g), and seed 
yield (3.07 t/ha). The characterization of LSI value was 
associated with the performance of the morphological 
characters. This LSI characterization was of importance to 
determine superior genotypes, which useful to broaden the 
genetic diversity. Furthermore, it also gives possibility to 
create a new improved variety, which could properly grow 
in tropical country such as in Indonesia.  

Discussion 
Genetic variability is of fundamental asset to improve 

the economic value of a cultivar including the high seed 
yield. In addition, the availability of genetic diversity can 
increase the genetic population, and also become an 
interest study to plant breeders. Various studies in several 
countries indicate that the existing varieties in a country 
become less wide of genetic diversity. Navabi et al. (2014) 
who studied in all dry bean varieties released from 1930 to 
2010, stated the presence narrow genetic diversity of 
Canadian dry beans, hence the breeding efforts by 
introducing a new genetic diversity was needed to broaden 
its variability. The similar pattern also showed by Oda et al. 
(2015) who studied soybean breeding for 40 years. They 
concluded that the presence of the varietal diversity was the 
result of lack of genetic diversity from the parental 
varieties. In Indonesia, the government, so far, has released 
84 soybean varieties. Based on the examination of the 
genetic background of the parental, those varieties also 

A B C 
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showed a possibility to have a narrow genetic diversity. 
Therefore, the richness of soybean genetic diversity is of 
importance to broaden the diversity of the release varieties. 

The grouping of leaflet shape based on LSI value of 150 
soybean genotypes has resulted in three groups of leaflet 
size, i.e. broad leaflet (17 genotypes), intermediate leaflet 
(110 genotypes), and narrow leaflet (23 genotypes). Broad 
leaflet has the value of LSI < 1.67, while intermediate 
leaflet has value of LSI in range from 1.67 to 2.41, and the 
rest, narrow leaflet, has the value of LSI > 2.41. In Japan, 
Sawada (1988) who studied the crossing result between 
broad leaflet soybean and narrow one, found that the value 
of LSI < 2.6 was constantly used to classify the broad 
leaflet while the value of LSI > 2.6 was used to classify the 
narrow leaflet. Porter et al. (2000) classified the leaf shape 
into ovate and narrow leaflet, but Dinkins et al. (2002) used 
different classification of the leaf shape, which is used in 
this study i.e. narrow, intermediate, and ovate leaflet. 
Standardization of LSI value to classify the leaflet shape 
depends on use of the genetic material and the country of 
origin. This was consistence with study conducted by 
Porter et al. (2000) who reported that narrow leaflet trait is 
mostly found in some Asian cultivars. Chen and Nelson 
(2004) also stated that leaflet shape and leaflet size are 
associated with geographical origin. Accessions from 
South Korea were generally smaller than those from China, 
Japan, and Russia. Accessions from China had more leaflet 
variation than those from South Korea or Japan but those 
from Russia were the most variable leaflet shape among the 
mentioned countries. Apparently, all of the accessions with 
lanceolate and linear leaflets originated from Russia. 

The leaflet shape was qualitatively inherited. Sawada 
(1988) who crossed the broad leaflet soybean cultivars 
(‘Kitakomachi’) with narrow (‘Isuzu’ and ‘Toiku 187’), has 
successfully obtained the broad and intermediate F2 
phenotypes with a perfect ratio of 3: 1. Previous study 
conducted by Bernard and Weiss (1973) has found that the 
leaflet shape was attributed to a single gene, with the 
homozygous dominant (LnLn) and the recessive (lnln) 
genotypes, which phenotypically showed in broad and 
narrow-leaved, respectively. The heterozygote (Lnln) was 
subjected to intermediate leaflet. Bernard and Weiss 
assigned a new gene symbol, ln, to the narrow leaflet trait. 
Similarly, Dinkins et al. (2002) reported that leaflet types 
were genotypically marked as follows: narrow leaflet 
(ln/ln), intermediate leaflet (Ln/ln), and ovate leaflet 
(Ln/Ln). 

One of the important characters in the plant is the leaf, 
regardless of the size, shape, and position of leaves in 
plants. Leaf area is directly related to basic plant metabolic 
system, especially photosynthesis and respiration. The 
measurement of leaf area at several stages during the life 
cycle of the plant is needed to quantify the analysis of 
several growth parameters. The variation in the amount 
number of assimilates synthesis (source capacity), in the 
capacity for storage of assimilates (sink size), and in the 
efficiency of the transport system may resulted in the 
variety of crop yields (Bueno 1979). Classification of 
leaflet shape of 150 Indonesian soybean genotype resulted 
in the diverse leaflet shape, which can be seen in the 

various morphological characters in each leaflet shape 
group. Seed yield in soybean is of complex characters, 
which are determined by various morphological 
components, mutually depending on one or more 
characters. To acquire the economically value of genotype 
in each leaflet shape group, it would be reasonable if it only 
focused on the maximum value of each of morphological 
characters in each leaf shape group. Economically, the 
valuable characters for soybean in Indonesia could be 
divided into two groups. The first character is directly 
related to seed characters i.e. 100 seed weight, seed yield 
per plant, and seed yield per hectare. The second group is 
plant height, plant age, and number of pods. In this study, 
the first group based on the seed characters was obtained in 
the intermediate leaflet group. The highest 100 seed weight 
was 22.65 g, the highest seed yield per plant was 25.78 g, 
and the highest seed yield/ha was 3.07 t/ha. In second 
group, the days to maturity of three leaflet shape group was 
apparently the same amount of time around 73 days. Plant 
height between broad and intermediate leaflet group were 
also similar, while narrow leaflet group tended to produce a 
lower plant height. The highest number of pods was 
produced by genotype with intermediate leaflet shape. 
Based on the results, high seed yield in soybeans might be 
related to a high stem (plant height), because it might 
stimulate the increased number of pods and the harvest 
index value.  

Numerous studies attributed to leaf size and 
morphology characters have been conducted on various 
plants, although the results are different depending on the 
genetic resources used. Sammour (2014) who studied 
morphological, cytological and biochemical 
characterization of soybean germplasm reported that 
soybean accessions from different collection resulted in a 
wide range of phenotypic variation including 
morphological and yield traits. This variation was useful 
traits for determining: (i) the gene pool in each different 
collected of accession, and (ii) the tolerant genotypes to 
drought stress and other abiotic stress limiting the soybean 
yield. Mandl and Buss (1981) found the seed weight 
differences between broad and narrow leaflet soybean 
isolines. Narrow leaflet plants consistently had smaller 
seeds than broad leaflet plants. Bernard and Weiss (1973) 
found that a new gene symbol, ln, is responsible for 
lanceolate leaflets and a high number of seeds per pod in 
soybeans. Yan et al (2014) also found that accessions with 
round leaves were primarily characterized by obvious 
characters in terms of main stems, gray pubescence, white 
flowers, non-sooty seed coats, yellow seed coats, brown 
hilum, high 100-seed weight, low protein content and high 
oil content. In contrast, accessions with line leaflet shape 
was shown in the morphological performances such as 
twining stems, brown pubescence, purple flowers, sooty 
seed coats, black seed coats, black hilum, low 100-seed 
weight, high protein content and low oil content. Positive 
correlations were significantly observed between seed 
weight and leaf area, which was categorized as unifoliate 
(r=0.80**), first trifoliate (r=0.75**) and third trifoliate 
(r=0.67**), respectively (Park et al. 2013). 
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The correlation between the leaf sizes and 
photosynthesis efficiency has been reported in many 
researches. A study conducted by Suh et al. (2000), found 
that most of the progenies possessed more lanceolate leaf 
type than oval leaf types. Cultivars having lanceolate 
leaflets and smaller leaf area produced a better light 
distribution through the canopy and higher photosynthetic 
rates than those with larger leaf area and oval leaves. You 
et al. (1995) who studied soybean leaflet shape and its 
correlation to the number of seeds per pod concluded that 
its positive correlation was useful to improve seed yield in 
southern China. Narrow leaflet lines were favourable to 
produce yield in the high plant population densities, but on 
the contrary, broad leaflet varieties were more favourable 
to yield at lower plant population densities. Furthermore, 
narrow leaflet plants could also be used to improve canopy 
architecture and enhance the number of seeds per pod, of 
favourable cultivars in southern China to increase seed 
yields. Wells et al. (1993) also reported that narrow leaflet 
shape in soybean also provides an opportunity to 
substantially alter the canopy architecture, by genetically 
manipulating canopy structure genetically in order to 
change light environments leading to the increase level of 
plant productivity. In Indonesia, soybean planted using 
monoculture and intercropping system, even more of them 
was planted under annual crops. Hence, narrow-leaved 
soybean genotypes could potentially be used as a source of 
genes for the improvement of soybean production on those 
conditions.  

Based on this research, it can be concluded that of the 
150 observed genotypes, mostly (110 genotypes) had 
intermediate leaflet shape, 17 genotypes with broad leaflet 
shape, and 23 genotypes were narrow leaflet shape. 
Soybean genotypes with intermediate leaflet shape had the 
advantage of many characters such as seed size, seed 
weight per plant, and seed yield. Among the broad leaflet 
group, accession No. 92 was prospectively used as gene 
donor for improving soybean yield potential in Indonesia 
with yield production reached 3.05 t/ha, early maturity (79 
days), and large seed size (16.48 g/100 seed). In the group 
of intermediate leaflet, accession No. 18 was prospective 
line to be further developed with the yield production 
reached 3.07 t/ha, the days to maturity around 75 days, and 
large seed size (16.92 g/100 seed). Meanwhile, in narrow 
leaflet group, there were two genotypes, which could be of 
value as gene donor, i.e. accession No. 22 (seed yield 2.87 
t/ha, maturity period to 82 days, seed size 3.93 g/100 seed), 
and accession No. 20 (seed yield 2.69 t/ha, the maturity 
period for 76 days, and seed size 17.11 g). 
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Abstract. Hasani R, Mehregan I, Larijani K, Nejadsattari T, Scalone R. 2017. Survey of the impacts of soil and climatic variations on 

the production of essential oils in Heracleum persicum Biodiversitas 18: 365-377. Essential oils have been extracted from different parts 

of the Heracleum persicum plants (Apiaceae) since many years. However, the effect of the climate and the soil composition on their 

quality and quantity of the essential oils have never been investigated in this species. For this aim, ten populations of Persian hogweed 

were selected regarding their different localities in Iran and their essential oils were extracted from dry fruits by hydrodistilation 

clevenger type, GC-FID and GC-MS analyses. During the sampling of the Heracleum populations, certain climatic and edaphic 

parameters were also recorded. Within these ten populations, 18 to 43 different oil compounds were identified expanding the diversity of 

chemical compounds found in Iranian populations. Certain rare molecules as per example the isopropyl-2-methyl butyrate, the 

isopropyl-3-methyl butyrate, the γ-terpinene or the p-cymene should be considered to categorize the different populations between them 

within the species. Certain environmental factors (e.g., EC, Cl, P) are related with the production of certain essential oils within the 

studied populations and are providing crucial information for the production of these oils by this aromatic herb. To conclude, the study 

of the environment of the populations can help to improve the utility of this aromatic plant, although certain preliminary results have 

still to be confirmed by controlled-environment experiments. 

Keywords: Apiaceae, chemotaxonomy, ecological factors, Persian hogweed 

INTRODUCTION 

Since ancient time, essential oils of plants have been 

utilized as natural active products for medicinal and 

agronomic purposes (Djilani and Dicko 2012). Certains 

plant species are containing a large variety of essential oils 

extracted from their different organs: leaves, stems, 

flowers, buds, roots, seeds, fruits. Although certain species 

have been grown and used to extract these essential oils 

during centuries, the factors determining the quality and the 

quantity of the essential oils present in the plants are still 

not completely understood. Indeed, certain environmental 

and climatic factors (altitude, latitude, soil type, water 

availability, etc.) influencing the growing conditions of the 

plant during the season as well as the precise harvest time 

are impacting significantly the chemical composition of 

these natural products. However, these quantitative and 

qualitative variations of the chemical compounds present in 

the plant are limited within a definite plant species. Genetic 

factors are fixing the possibility to find (or not) certain 

essential oils within the different organs of a specific plant 

species. Thus, different chemical compositions of essential 

oils can be found between different species but also, at a 

lower level, within the same species present in different 

habitats (Djilani and Dicko 2012; Sadgrove and Jones 

2015). Although the use of this chemotaxonomy can help 

botanists to select species or varieties presenting economic 

values due to their contents of specific essential oils, this 

selective process will still be limited by the unknown 

impact of the environment on the plant growth and its 

essential oils production (Sadgrove and Jones 2015). 

One of the species representing high economic values 

for its essential oils content is the genus Heracleum L. 

(hogweed in English) composed by more than 100 species 

and considered as one of the most widespread genera of the 

Apiaceae family (Umbelliferae). Aromatic species of 

Heracleum are known to be rich sources of essential oils in 

the Persian culture since centuries (Kuljanabhagavad et al. 

2010). In Iran, eight species of this genus can be found 

growing often along rivers or humid mountains (Saeidnia et 

al. 2005; Torbati et al. 2013; Radjabian et al. 2014). One of 

the eight Iranian hogweed species, Heracleum persicum 

Desf. ex Fischer (Persian hogweed) also named Golpar has 

been cultivated and used for its culinary and medicinal 

proprieties. This plant is a perennial and polycarpic herb 

present in Iran, Iraq and Turkey, tall between 150 and 

200cm with a stem with sparse hairs large more than 1cm. 

The leaves are pinnate usually with 5 leaflets. Each flower 

is constituted by white petals with hairy ovary, while fruits 

are schizocarp, cuneate-obovate with 13-15×6-7mm and 

clavate vittae (Davis 1965; Mozaffarian 1986; Rechinger 

1987; Asgarpanah et al. 2012). 

The fruits of H. persicum are the organs of the plant 

widely used as carminative, antiseptic, anthelminthic, 

mailto:iraj@daad-alumni.de
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diuretic, digestive, tonic, aphrodisiac and analgesic agents 

in traditional and contemporain Iranian medicines 

(Sefidkon et al. 2004; Torbati et al. 2013; Radjabian et al. 

2014). However, other parts of the Heracleum plant 

possess various chemical compounds and different amounts 

of essential oils (Scheffer et al. 1984; Mojab et al. 2002; 

Sefidkon et al. 2002; Mojab and Nickavar 2003; Sefidkon 

et al. 2004; Kuljanabhagavad et al. 2010; Mazandarani, et 

al. 2012; Radjabian, et al. 2013; Torbati, et al. 2013; 

Kharkwal, et al. 2014; Radjabian et al. 2014; Torbati et al. 

2014). Anti-inflammatory, analgesic (Hajhashemi et al. 

2009), antioxidant (Firuzi et al. 2010; Mazandarani, et al. 

2012; Torbati, et al. 2014) anticonvulsant (Sayyah, et al. 

2005), antitumor (Firuzi, et al. 2010), cytotoxic (Saeidnia et 

al. 2005; Moshafi et al. 2009; Sharififar et al. 2009), 

immunomodulatory effects, antimicrobial and antifungal 

activities (Habibi, et al. 2010; Kuljanabhagavad et al. 2010; 

Najafabadi et al. 2011; Akcin et al. 2013; Torbati et al. 

2013; Kharkwal et al. 2014; Torbati et al. 2014), 

antidermatophytic (Sefidkon et al. 2004), contraceptive 

(Hemati et al. 2010) and adjunctive treatment for 

hypertriglyceridemia patients (Dadjo et al. 2014) have been 

reported as effects provided by the essential oils of this 

Heracleum species. Monoterpenes, oxygenated 

monoterpens, sesquiterpenes, and aliphatic esters are the 

most important chemical compounds composing the 

essential oils extracted from the different parts of this 

Heracleum species (Sefidkon et al. 2004, Radjabian et al. 

2013, Radjabian et al. 2014). In addition, coumarins, 

furanocoumarins, anthraquinones, stilbenes, 

furanocoumarin dimers, flavonoids and other types of 

secondary metabolites have also been identified in 

Heracleum essential oils (Kuljanabhagavad et al. 2010).  

According to previous studies, a large variability can be 

observed in the type, in the number and in the proportions 

of the chemical compounds present in the essential oils 

extracted from Heracleum materials (Radjabian et al. 2013, 

Radjabian et al. 2014). Although the co-occurrence of the 

chemical compounds of octyl acetate and hexyl butyrate is 

specific to the H. persicum species and its Iranian 

populations, the amount and the proportions of other 

chemical compounds of the essential oils can be highly 

variable depending to the population locations. 

Environmental factors including edaphic and climatic  

characteristics, as per example the temperatures or the 

precipitations, could affect the quantity and the quality of 

the production of these ative products in the Golpar plants. 

In order to evaluate whether certain climatic and edaphic 

conditions have an impact on the production of the 

chemical compounds present in the H. persicum plants, we 

extracted the essential oils from ripen fruits of ten different 

Heracleum persicum populations growing in various places 

in Iran and analyzed their contents. Soil samples and 

climatic information of these various Iranian places were 

collected and the soil proprieties tested at the light of the 

variations of the essential oils extracted. 

MATERIALS AND METHODS 

Essential oils data 

Plant material. Ten populations of Heracleum persicum 

Desf. ex Fischer were selected from different regions of 

Iran, however selected populatios did not show the same 

size (with at least 50 individuals in each population). The 

fruits were collected randomly from ten individuals (about 

400 to 800 fruits per individual) between July and August 

2014 (Table 1 and Figure 1).  

Isolation of essential oils. Hydrodistillation clevenger-

type apparatus was used during three hours to extract the 

essential oils from the air dried fruits. The pale yellow 

obtained essential oils were mixed with hexane, then dried 

by anhydrous Na2SO4 and, at the last step, stored in sealed 

dark vials at 4-5oC until gas chromatography analysis. 

Essential oils percentage were calculated as w/w.  

Gas Chromatography (GC) analysis. Shimadzu 15A 

gas chromatography with a split/splitless injector (250°C) 

and a flame ionization detector (FID) (250°C) were carried 

out for GC analyses. DB-5 capillary (30m × 0.25mm, film 

thickness 0.32μm) with N2 (1mL/min) as carrier gas was 

the type of column used. The program for oven temperature 

was adjusted at 60°C for 3min, then rising to 250°C with a 

6°C/min rate and, finally, stay constant at 250°C for 5min. 

For the qualification part, the relative contents of the 

essential-oil components were calculated by the peak areas 

in the GC-FID profiles without using internal standards or 

correction factors and expressed as percentage. 

 

 

 

Table 1. Geographical location of the ten Iranian populations of Heracleum persicum investigated here 

 

Pop. code Collection Site Province Latitude (N) Longitude (E) 
Altitude 

(m asl.) 

Collection 

date (2014) 

P1 SRN Sareyn, Vila Darreh Ardabil 38º 10´ 45.4´´ 048º 03´ 50.2´´ 1757 m 8 Aug. 

P2 HMD Hamedan, Darreh Morad Beik Hamedan 34º 44´ 53.8´´ 048º 30´ 25.1´´ 2027 m 16 Aug. 

P3 RMS Ramsar, Javaher Deh Mazandaran 36º 51´ 20.0´´ 050º 28´ 28.0´´ 1800 m 11 Aug. 

P4 KND Karaj to Chalus road, after 

Kandovan tunnel, Dona 

Mazandaran 36º 10´ 46.3´´ 051º 19´ 08.0´´ 2511 m 24 Jul. 

P5 TNG Firuzkuh, Tangeh Vashi Tehran 35º 52´ 33.0´´ 052º 43´ 37.0´´ 2000 m 4 Sep. 

P6 PLR Polur Mazandaran 35º 50´ 48.6´´ 052º 03´ 03.2´´ 2224 m 9 Jul. 

P7 ZSK Mashhad, Zoshk Razavi Khorasan 36º 19´ 28.3´´ 059º 10´ 59.2´´ 1770 m 31 Jul 

P8 AKM Chenaran, Akhlamad Razavi Khorasan 36º 35´ 41.0´´ 058º 56´ 33.2´´ 1500 m 1 Aug 

P9 YZD Taft, Shahkuh, Dehbala Yazd 31º 36´ 17.9´´ 054º 07´ 06.5´´ 2470 m 17 Jul. 

P10 LZR Bardsir, Lalehzar Kerman 29º 30´ 49.8´´ 056º 41´ 06.5´´ 2879 m 15 Jul. 
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Figure 1. Geographic distribution of the collected plant and soil materials examined in this study (more details in Table 1) 

 

 

 

Gas Chromatography-Mass Spectrometry (GC-MS) 

analysis. Hewlett-Packard (HP-6890/5973) GC-MS system 

coupled with a HP-5MS column (30m × 0.25mm, film 

thickness 0.32μm) was used for GC/MS analyses. The 

temperature of the column adjusted as described above (cf. 

GC analysis). Helium (1ml/min) with 70eV ionization 

energy in MS, 40-300amu mass range and 1s scan time was 

performed as a carrier gas. GC pack areas without 

correction factors was used to calculate the percentage of 

essential oil components. Individual compounds were 

identified by comparison of their mass spectra, retention 

times and indexes with corresponding data in the literature 

(Adams 2007)  and websi tes  (El -Sayed 2016,  

h t tp : / / www.p he ro b ase . co m ;  NIST  2 01 6 ,  

http://webbook.nist.gov/chemistry/ ). Retention times for n-

alkanes were determined by injection with the same 

chromatographic conditions to identify retention times.  

Soil data  

In all localities, soil samples were collected from the 

base of the plants (20cm depth). Bouyoucos hydrometer 

method was performed to determine the soil texture as a 

physical analysis (Gee and Bauder 1979). For chemical 

analysis different factors were analyzed; the acidity rate 

(pH) of the soil samples, the electrical conductivity (EC) 

with a portable CPD-65N multi-meter (ISTEK, South 

Korea) by saturation extract examined by pH meter, the 

amount of organic carbon (OC) by the modified Walkley 

and Black method (Najafabadi et al. 2011), Ca2+, K+ and 

Na+ by atomic absorption spectroscopy (AAS) (Richards 

1954), Cl- by ion chromatography (Khym 1974), CaCO3 as 

the total amount of carbonates included in 100gr of dry soil 

corresponding to the calcimeter Bernard method, phosphor 

by the Olsen method (Buurman et al. 1996), and the 

availability of nitrogen by the Kjeldahl method 

corresponding to the estimation of the changes of the 

various nitrogen types into NH4
+ (Bremner and Mulvaney 

1982).  

Climatic data 

Climatic information such as precipitations and 

minimal, average and maximal temperatures were collected 

for the ten studied populations from the internet website: 

www.en.climate-data.org. Then, 19 climatic variables were 

obtained for each location including: annual mean 

temperature (CLIM1), annual mean diurnal range 

(CLIM2), isothermality (CLIM3), temperature seasonality 

(CLIM4), maximal temperature of warmest month 

(CLIM5), minimal temperature of coldest month (CLIM6), 

annual temperature range (CLIM7), mean temperature of 

wettest quarter (CLIM8), mean temperature of driest 

quarter (CLIM9), mean temperature of warmest quarter 

(CLIM10), mean temperature of coldest quarter (CLIM11), 

annual precipitations (CLIM12), precipitations of wettest 

month (CLIM13), precipitations of driest month (CLIM14), 

precipitations seasonality (CLIM15), precipitations of 

wettest quarter (CLIM16), precipitations of driest quarter 

(CLIM17), precipitations of warmest quarter (CLIM18) 

and precipitations of coldest quarter (CLIM19) (O’Donnell 

and Ignizio 2012). 
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Table 2. Compositions of the essential oils and oil yields obtained after extraction of the fruits of the ten investigated populations of H. persicum 

 

No. Compound name CAS# KI SRN HMD RMS KND TNG PLR ZSK AKM YZD LZR 

1 Octane 111-65-9 800 - 0.38 - - - 1.79 - - - - 

2 Isopropyl butyrate 638-11-9 844 - 0.57 - - 0.19 - - - - - 

3 Hexanol 111-27-3 870 - - 0.86 - - - - - - - 

4 Isopropyl-2-methyl butyrate 66576-71-4 885 2.55 1.05 4.43 2.45 3.51 0.49 3.50 2.81 4.89 1.15 

5 Isopropyl 3-methyl butyrate 32665-23-9 904 2.93 1.69 2.92 2.84 3.34 2.15 4.22 3.05 4.35 1.38 

6 Isobutyl isobutyrate 97-85-8 911 - 0.43 0.74 0.86 0.92 0.36 0.36 - 0.54 - 

7 α-Pinene 90-56-8 939 0.38 - 0.42 0.38 - - - - - - 

8 Butyl isobutyrate 97-87-0 955 0.37 - 2.15 1.21 0.81 0.38 0.61 - 1.09 1.07 

9 Isobutyl butyrate 539-90-2 961 - - - - 0.66 0.37 - - - - 

10 Isopropyl 3-methyl-2-butenoate 25859-51-2 965 1.22 0.74 1.38 0.90 1.15 1.09 1.52 - 1.95 - 

11 Butyl butyrate 109-21-7 994 1.22 1.61 1.67 0.52 1.01 0.75 - 0.78 0.46 - 

12 n-Octanal 124-13-0 998 0.56 1.72 0.81 1.13 1.62 1.05 0.45 0.45 0.87 - 

13 Isobutyl 2-methylbutanoate 2445-67-2 1004 - - 1.23 0.75 2.41 0.43 0.79 - 0.79 - 

14 Isobutyl isovalerate 589-59-3 1006 - - 0.48 0.50 - 0.55 - - - - 

15 Hexyl acetate 142-92-4 1009 4.70 1.68 2.57 - 1.05 0.66 1.09 4.60 3.13 1.31 

16 Isopentyl isobutyrate 2050_3_1 1013 - - 0.31 0.31 0.30 - - - - - 

17 p-Cymene 99-87-6 1026 3.12 - 1.61 0.94 1.54 0.83 1.97 2.39 2.81 - 

18 Limonene 138-86-3 1031 0.61 - - - - - - - - - 

19 Butyl 2-methylbutanoate 15706-73-7 1042 - - 2.49 1.01 1.37 0.44 0.67 0.38 1.19 - 

20 Butyl 3-methylbutanoate 109-19-3 1047 - - 1.82 0.98 1.14 1.20 0.58 - 0.69 0.77 

21 Pentyl isobutyrate 2445-72-9 1057 - - 0.62 - 0.85 0.55 - - - - 

22 γ-Terpinene 99-85-4 1059 3.89 0.83 2.24 1.82 2.01 1.21 3.19 2.94 4.67 - 

23 Linalool 78_70_6 1096 - 1.61 - - - 0.73 - - - 3.39 

24 Hexyl propanoate 2445-76-3 1101 0.64 - 0.53 - 0.33 - 1.13 0.55 0.55 - 

25 2-Methyl butyl isovalerate 2445-77-4 1104 - - 0.44 0.23 0.93 - - - - - 

26 Hexyl isobutyrate 2349_7_7 1151 5.33 2.16 7.12 5.17 1.24 7.54 6.06 4.75 3.59 6.29 

27 Hexyl butyrate 2639-63-6 1192 17.94 21.77 19.56 14.53 19.95 17.47 16.54 20.78 22.98 26.41 

28 Octenol acetate 26806-12-2 1198 2.64 4.89 2.48 2.56 2.59 2.07 2.89 3.67 4.41 7.93 

29 n-Decanal 112-31-2 1201 - - - 0.98 - 1.96 1.09 0.77 2.24 - 

30 n-Octyl acetate 112-14-1 1211 18.28 16.09 16.43 13.79 17.10 10.11 17.71 24.54 20.83 16.93 

31 Hexyl 2-methyl butyrate 10032-15-2 1236 5.68 3.03 8.46 5.46 1.70 6.43 8.58 6.44 4.83 9.53 

32 Hexyl isovalerate 10032-13-0 1244 1.63 0.81 - - - 1.27 - - 0.82 - 

33 Hexyl pentanoate 1117-59-5 1275 - - - - 0.94 - - 2.14 - - 

34 E-Anethole 4180-23-8 1284 0.80 - - 1.21 1.88 2.14 1.21 - 0.76 - 

35 Octyl propionate 142-60-9 1302 0.26 1.16 - 0.55 0.17 0.33 0.36 - - - 
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Table 2. Compositions of the essential oils and oil yields obtained after extraction of the fruits of the ten investigated populations of H. persicum (continued) 

 

No. Compound name CAS# KI SRN HMD RMS KND TNG PLR ZSK AKM YZD LZR 

36 Octyl isobutyrate 109-15-9 1317 3.11 4.91 3.88 9.04 0.54 9.77 5.44 3.03 2.06 5.73 

37 Hexyl hexanoate 6378-65-0 1383 5.64 7.45 3.35 4.25 8.84 2.34 4.40 4.77 3.51 5.94 

38 n-Octyl butyrate 110-39-4 1434 3.73 7.50 2.63 5.59 6.32 5.75 3.92 3.50 2.19 1.32 

39 Dodecanal 112-54-9 1435 0.90 - - 0.57 1.15 - 0.42 0.54 0.72 - 

40 N-Octyl 2-methyl butyrate 29811-50-5 1436 6.08 9.95 4.92 9.19 1.15 9.15 6.81 4.71 2.45 7.65 

41 E,E-alpha-farnesene 502-61-4 1508 0.53 - - - - - - - - - 

42 Octyl hexanoate 4887-30-3 1570 - 1.72 - - 2.81 - 1.58 - - 0.97 

43 Octyl octanoate 2306-88-9 1771 0.55 0.69 - - - - 0.98 - - 1.01 

Aldehyde 1.46 1.72 0.81 2.68 2.77 3.01 1.96 1.76 3.83 - 

Aliphatic esters 84.50 89.90 92.61 82.69 83.32 81.65 89.74 90.50 87.30 95.39 

Monoterpene hydrocarbons 8.00 0.83 4.27 3.14 1.54 2.04 5.16 5.33 7.48 - 

Oxygenated monoterpenes 0.80 1.61 - 1.21 1.88 2.87 1.21 - 0.76 3.39 

Hydrocarbon - - - - - 1.79 - - - - 

Sesquiterpene 0.53 - - - - - - - - - 

Alcohol - - 0.86 - - - - - - - 

oil yield % 6.29 6.01 3.40 8.32 4.59 2.22 3.26 4.07 2.55 2.24 

The number of different chemical compounds identified 33 30 32 40 43 37 31 24 29 18 

Total identified % 95.29 94.06 98.55 89.72 89.51 91.36 98.07 97.59 99.37 98.78 

The percentage of unknown components in each population 4.71 5.94 1.45 10.28 10.49 8.64 1.93 2.41 0.63 1.22 

Note: The code of the Golpar populations are referring to their names listed in Table 1, as following, Sareyn (SRN), Hamedan (HMD), Ramsar (RMS), Kandovan (KND), Tangeh Vashi (TNG), 

Polur (PLR), Mashhad, Zoshk (ZSK), Mashhad, Akhlamad (AKM), Yazd (YZD) & Kerman, Lalehzar (LZR) 

 

 

 

Table 3. Edaphic information obtained for the ten investigated populations of H. persicum. 

 

Pop. 

Code 

EC 

 (ms/cm) 
pH 

Ca 

 (meq/lit) 

Na 

 (meq/lit) 

Cl 

 (meq/lit) 

CaCo3 

 (%) 

Sand 

 (%) 

Silt 

 (%) 

Clay 

 (%) 
Texture 

OC 

 (%) 

N 

 (%) 

P 

 (ppm) 

K 

 (ppm) 

SRN 1.615 7.56 3.8 9.9 11.6 15.3 48.3 26.1 25.6 Loam 0.38 0.046 7.42 218.3 

HMD 1.614 7.19 2.8 7.3 12.8 7.3 45.9 32.3 21.8 Loam 0.31 0.039 8.34 231.7 

RMS 1.587 7.12 9.6 1.2 8.0 8.1 42.8 35.1 22.1 Loam 1.22 0.160 8.07 231.5 

KND 1.390 7.43 3.5 6.3 7.2 10.2 50.2 32.8 17.0 Loam 1.31 0.220 7.19 221.0 

TNG 1.283 7.80 1.9 6.1 5.9 17.3 49.8 26.2 24.0 Loam 0.37 0.050 4.35 192.1 

PLR 1.616 7.83 2.8 10.2 9.4 13.1 44.1 28.2 27.7 Clay loam 0.23 0.035 4.01 186.2 

ZSK 1.909 7.59 4.6 10.9 13.1 11.8 57.3 27.9 14.8 Sandy loam 0.16 0.180 6.07 201.9 

AKM 1.536 7.52 2.6 8.3 10.7 14.1 55.2 23.1 21.7 Sandy clay loam 0.25 0.032 5.33 182.5 

YZD 2.270 7.84 3.8 10.1 17.4 15.9 56.1 24.3 16.6 Sandy loam 0.18 0.024 3.85 174.2 

LZR 2.760 7.77 5.1 14.7 18.9 14.6 53.2 30.1 16.7 Loam 0.13 0.019 4.51 191.7 

Note: The code of the Golpar populations are referring to their names listed in Table 1 
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Table 4. Climatic information obtained for the ten investigated populations of H. persicum 
 

Pop. Code CLIM1 CLIM2 CLIM3 CLIM4 CLIM5 CLIM6 CLIM7 CLIM8 CLIM9 CLIM10 CLIM11 CLIM12 CLIM13 CLIM14 CLIM15 CLIM16 CLIM17 CLIM18 CLIM19 

SRN 8.19 12.12 33.20 8.37 28.6 -7.9 36.5 5.57 17.87 18.07 -2.07 312 49 11 41.96 125 39 42 94 

HMD 9.14 15.12 39.16 8.58 31.0 -7.6 38.6 6.57 19.67 19.93 -1.07 364 71 0 83.99 182 2 9 137 

RMS 10.55 13.21 36.09 8.65 30.0 -6.6 36.6 4.00 20.60 20.93 -0.07 326 59 6 60.70 146 25 26 97 

KND 10.19 13.84 34.09 9.70 31.1 -9.5 40.6 3.53 21.13 21.77 -2.03 206 37 1 73.28 101 7 11 76 

TNG 10.09 14.44 34.55 9.85 31.8 -10 41.8 9.67 21.10 22.00 -2.30 149 28 1 75.24 75 5 8 5.4 

PLR 10.79 14.33 34.44 9.85 32.4 -9.2 41.6 4.47 21.87 22.67 -1.60 159 28 1 74.75 78 4 7 60 

ZSK 9.21 14.73 37.28 8.77 30.0 -9.5 39.5 8.03 19.40 19.87 -1.60 279 58 2 78.97 149 6 14 82 

AKM 10.29 14.56 36.49 8.93 31.3 -8.6 39.9 9.10 20.70 21.10 -0.70 268 57 1 79.37 145 5 13 74 

YZD 15.01 16.12 38.84 9.38 36.7 -4.8 41.5 5.70 26.57 26.57 3.37 85 17 0 87.39 46 1 1 40 

LZR 10.33 16.44 42.49 8.22 30.3 -8.4 38.7 2.33 15.17 20.43 0.17 241 46 2 86.65 134 10 12 116 

Note: The code of the Golpar populations are referring to their names listed in Table 1. CLIM1: annual mean temperature, CLIM2: annual mean diurnal range, CLIM3: isothermality, CLIM4: 

temperature seasonality, CLIM5: maximal temperature of warmest month, CLIM6: minimal temperature of coldest month, CLIM7: annual temperature range, CLIM8: mean temperature of wettest 

quarter, CLIM9: mean temperature of driest quarter, CLIM10: mean temperature of warmest quarter, CLIM11: mean temperature of coldest quarter, CLIM12: annual precipitations, CLIM13: 

precipitations of wettest month, CLIM14: precipitations of driest month, CLIM15: precipitations seasonality, CLIM16: precipitations of wettest quarter, CLIM17: precipitations of driest quarter, 

CLIM18: precipitations of warmest quarter, CLIM19: precipitations of coldest quarter  

 

 

Table 5. Correlation coefficients among the different chemical compounds of the essential oils extracted from the ten investigated populations of H. persicum 
 

 4 5 8 10 11 12 15 17 19 22 26 27 28 30 31 34 36 37 38 40 

4 1                    

5 0.839** 1                   

8 0.529 0.161 1                  

10 0.605 0.697* 0.345 1                 

11 0.040 -0.223 0.031 0.106 1                

12 -0.050 -0.033 -0.130 0.287 0.571 1               

15 0.324 0.218 -0.225 -0.052 0.308 -0.347 1              

17 0.683* 0.779** -0.018 0.476 0.021 -0.245 0.711* 1             

19 0.724* 0.441 0.812** 0.505 0.284 0.212 -0.119 0.197 1            

22 0.742* 0.867** 0.006 0.626 -0.018 -0.133 0.603 0.954** 0.227 1           

26 -0.173 -0.153 0.321 -0.049 -0.246 -0.647* -0.040 -0.020 -0.063 -0.103 1          

27 -0.057 -0.332 -0.013 -0.362 -0.085 -0.254 0.245 -0.235 -0.194 -0.244 -0.217 1         

28 -0.284 -0.466 -0.042 -0.521 -0.358 -0.391 0.007 -0.448 -0.436 -0.419 -0.090 0.861** 1        

30 0.523 0.428 -0.179 -0.160 -0.069 -0.353 -0.753* 0.585 -0.038 0.552 -0.326 0.386 0.243 1       

31 -0.031 -0.100 0.358 -0.193 -0.435 -0.857** 0.031 -0.049 0.016 -0.113 0.867** 0.092 0.268 -0.004 1      

34 -0.081 0.282 -0.104 0.426 -0.224 0.355 -0.491 0.083 0.072 0.082 -0.024 -0.563 -0.587 -0.542 -0.333 1     

36 -0.631 -0.429 -0.015 -0.172 -0.262 -0.061 -0.590 -0.531 -0.232 -0.487 0.606 -0.415 -0.079 -0.730* 0.363 0.259 1    

37 -0.117 -0.213 -0.213 -0.285 0.211 0.391 -0.035 -0.224 -0.243 -0.265 -0.789** 0.295 0.275 0.186 -0.581 -0.078 -0.523 1   

38 -0.399 -0.195 -0.461 0.026 0.412 0.856** -0.414 -0.346 -0.150 -0.287 -0.481 -0.459 -0.426 -0.449 -0.719* 0.444 0.213 0.397 1  

40 -0.774** -0.636* -0.253 -0.334 -0.033 -0.005 -0.398 -0.625 -0.501 -0.569 0.400 -0.234 0.140 -0.578 0.269 -0.085 0.848** -0.217 0.319 1 

Note: The numbers are referring to the number of essential oils components presented in Table 2. Pearson’s correlation coefficient is indicated with levels of significance (* for P ≤ 0.05 and ** 

for P ≤ 0.01 are indicated in bold). Negative and positive correlation between factors are shown by minus and plus signs 
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Table 6. Correlation coefficients between the different chemical compounds of the essential oils present in the Golpar population and the edaphic information 

 

 Altitude EC pH Ca Na Cl CaCo3 Sand Silt Clay OC N P K 

Isopropyl-2-methyl butyrate -0.275 -0.060 -0.062 0.384 -0.427 -0.079 0.172 0.333 -0.185 -0.340 0.250 0.301 -0.007 -0.091 

Isopropyl 3-methyl butyrate -0.343 -0.136 0.209 0.010 -0.154 -0.081 0.315 0.531 -0.462 -0.324 -0.015 0.304 -0.194 -0.307 

Butyl isobutyrate 0.312 0.160 -0.196 0.797** -0.440 -0.109 -0.181 -0.200 0.544 -0.293 0.657* 0.495 0.107 0.231 

Isopropyl 3-methyl-2-butenoate -0.091 -0.129 0.079 0.201 -0.267 -0.102 0.026 -0.050 -0.014 -0.047 0.127 0.283 0.010 0.048 

Butyl butyrate -0.481 -0.596 -0.654* 0.201 -0.741* -0.492 -0.425 -0.768** 0.333 0.647* 0.357 -0.081 0.609 0.613 

n-Octanal -0.083 -0.644* -0.217 -0.365 -0.540 -0.547 -0.254 -0.476 0.215 0.365 0.221 0.022 0.201 0.299 

Hexyl acetate -0.539 0.017 -0.113 0.077 -0.015 0.204 0.264 0.157 -0.515 0.230 -0.220 -0.420 0.118 -0.104 

p-Cymene -0.523 -0.163 0.173 0.010 -0.085 -0.046 0.466 0.354 -0.633* 0.063 -0.081 -0.016 -0.089 -0.263 

Butyl 2-methylbutanoate -0.125 -0.279 -0.261 0.602 -0.762* -0.462 -0.179 -0.240 0.332 -0.060 0.063* 0.483 0.090 0.155 

γ-Terpinene -0.426 -0.111 0.136 -0.003 -0.089 0.043 0.351 0.415 -0.568 -0.105 -0.070 0.060 -0.058 -0.234 

Hexyl isobutyrate 0.063 0.260 -0.042 0.564 0.145 0.090 -0.218 -0.172 0.274 0.005 0.199 0.299 0.026 0.040 

Hexyl butyrate 0.375 0.709* 0.201 0.076 0.378 0.701* 0.247 0.199 -0.150 -0.171 -0.489 -0.701* -0.336 -0.337 

Octenol acetate 0.580 0.824** 0.147 0.027 0.589 0.809** 0.085 0.337 0.027 -0.455 -0.413 -0.451 -0.198 -0.193 

n-Octyl acetate -0.394 0.161 -0.007 -0.050 0.065 0.314 0.333 -0.641* -0.592 -0.293 -0.292 -0.268 -0.079 -0.319 

Hexyl 2-methyl butyrate 0.112 0.553 -0.062 0.648* 0.294 0.384 -0.176 -0.164 0.228 -0.361 0.048 0.270 0.011 -0.018 

E-Anethole 0.750 -0.366 0.575 -0.450 0.065 -0.447 0.383 -0.080 -0.229 0.304 -0.071 0.117 -0.448 -0.305 

Octyl isobutyrate 0.377 0.014 -0.051 0.007 0.178 -0.076 -0.444 -0.275 0.461 -0.021 0.254 0.366 0.084 0.171 

Hexyl hexanoate -0.054 -0.151 -0.024 -0.403 -0.001 -0.084 0.196 0.041 -0.073 0.077 -0.220 -0.283 0.105 0.161 

n-Octyl butyrate -0.202 -0.715* -0.203 -0.559 -0.316 -0.589 -0.295 -0.419 0.168 0.421 0.094 0.082 0.258 0.330 

N-Octyl 2-methyl butyrate 0.240 0.045 -0.336 -0.022 0.210 0.084 -0.634* -0.322 0.537 -0.007 0.130 0.221 0.413 0.450 

Oil yield -0.122 -0.588 -0.467 -0.249 -0.363 -0.469 -0.302 -0.183 0.267 0.041 0.543 0.416 0.644* 0.622 

The number of components -0.153 -0.770** 0.013 -0.244 -0.521 -0.808** -0.001 -0.401 0.124 0.387 0.427 0.387 0.092 0.222 

Note: Pearson’s correlation coefficient is indicated with levels of significance (* for P ≤ 0.05 and ** for P ≤ 0.01 are indicated in bold). Negative and positive correlation between factors are 

shown by minus and plus signs. 
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Table 7. Correlation coefficients between the different chemical compounds of the essential oils present in the Golpar population and the climatic information 

 

 CLIM1 CLIM2 CLIM3 CLIM4 CLIM5 CLIM6 CLIM7 CLIM8 CLIM9 CLIM10 CLIM11 CLIM12 CLIM13 CLIM14 CLIM15 CLIM16 CLIM17 CLIM18 CLIM19 

Isopropyl-2-methyl butyrate 0.456 -0.100 -0.121 0.082 0.316 0.457 -0.018 0.300 0.520 0.380 0.441 -0.224 -0.199 0.135 -0.115 -0.282 0.134 0.070 -0.457 

Isopropyl 3-methyl butyrate 0.397 -0.090 -0.288 0.299 0.387 0.205 0.266 0.492 0.615 0.401 0.262 -0.383 -0.326 0.005 -0.048 -0.407 -0.054 -0.059 -0.605 

Butyl isobutyrate 0.333 -0.068 0.048 0.022 0.052 0.315 -0.199 -0.509 0.115 0.254 0.315 -0.135 -0.198 0.174 -0.132 -0.208 0.249 0.094 -0.094 

Isopropyl 3-methyl-2-butenoate 0.381 -0.208 -0.322 0.309 0.382 0.390 0.110 0.073 0.622 0.398 0.252 -0.318 -0.384 0.156 -0.222 -0.461 0.112 0.022 -0.406 

Butyl butyrate -0.250 -0.553 -0.359 -0.091 -0.209 0.251 -0.437 0.110 0.082 -0.234 -0.179 0.471 0.360 0.354 -0.485 0.285 0.393 0.391 0.185 

n-Octanal 0.000 -0.116 -0.338 0.549 0.248 -0.087 0.347 0.305 0.424 0.202 -0.247 -1.000 -0.112 -0.330 0.072 -0.156 -0.316 -0.320 -0.261 

Hexyl acetate 0.030 -0.286 -0.070 -0.462 -0.048 0.491 -0.453 0.267 0.039 -0.141 0.287 0.255 0.210 0.523 -0.411 0.151 0.500 0.523 0.089 

p-Cymene 0.207 -0.407 -0.441 0.021 0.155 0.316 -0.084 0.404 0.399 0.135 0.201 -0.175 -0.222 0.464 -0.467 -0.309 0.405 0.389 -0.433 

Butyl 2-methylbutanoate 0.367 -0.205 -0.244 0.322 0.203 0.256 0.020 -0.009 0.462 0.382 0.214 -0.191 -0.198 0.025 -0.126 -0.267 0.076 -0.031 -0.403 

γ-Terpinene 0.347 -0.275 -0.345 0.073 0.320 0.437 0.003 0.380 0.556 0.279 0.335 -0.229 -0.250 0.308 -0.313 -0.340 0.247 0.235 -0.410 

Hexyl isobutyrate -0.077 -0.219 -0.047 -0.212 -0.303 -0.019 -0.324 -0.600 -0.253 -0.169 -0.006 0.145 0.089 0.340 -0.269 0.110 0.344 0.322 0.307 

Hexyl buyrate 0.352 0.689* 0.828** -0.441 0.270 0.462 -0.073 -0.123 -0.171 0.192 0.617 -0.052 0.012 -0.202 0.471 0.066 -0.173 -0.248 0.205 

Octenol acetate 0.156 0.744* 0.920** -0.543 0.076 0.246 -0.114 -0.328 -0.417 -0.001 0.455 0.070 0.142 -0.253 0.545 0.236 -0.220 -0.249 0.458 

n-Octyl acetate 0.196 0.162 0.243 -0.352 0.140 0.348 -0.126 0.511 0.104 0.053 0.406 0.077 0.181 0.042 0.103 0.145 0.025 0.082 -0.075 

Hexyl 2-methyl butyrate -0.059 0.066 0.336 -0.504 -0.337 -0.053 -0.420 -0.509 -0.424 -0.230 0.186 0.252 0.267 0.251 -0.041 0.308 0.260 0.261 0.433 

E-Anethole 0.036 -0.173 -0.588 0.788** 0.207 -0.503 0.640* 0.189 0.318 0.258 -0.402 -0.607 -0.648* -0.142 -0.082 -0.655* -0.200 -0.234 -0.698* 

Octyl isobutyrate -0.157 -0.021 -0.082 0.196 -0.146 -0.347 0.118 -0.592 -0.150 -0.074 -0.285 0.023 0.004 -0.184 0.088 0.060 -0.169 -0.148 0.328 

Hexyl hexanoate -0.405 0.094 0.128 -0.140 -0.244 -0.308 -0.022 0.451 -0.368 -0.347 -0.342 0.193 0.202 -0.052 -0.052 0.069 0.224 -0.047 0.006 

n-Octyl butyrate -0.382 -0.223 -0.430 0.467 -0.073 -0.479 0.308 0.360 0.115 -0.143 -0.619 0.097 0.098 -0.288 0.013 0.078 -0.302 -0.211 -0.088 

N-Octyl 2-methyl butyrate -0.429 -0.034 0.104 -0.202 -0.375 -0.259 -0.208 -0.516 -0.408 -0.403 -0.339 0.441 0.415 -0.062 0.042 0.473 -0.048 0.034 0.716* 

Oil yield -0.458 -0.514 -0.477 0.077 -0.347 -0.264 -0.173 0.034 -0.102 -0.369 -0.517 0.315 0.221 0.199 -0.379 0.204 0.230 0.304 0.160 

The number of components -0.114 -0.513 -0.798** 0.738* 0.045 -0.375 0.355 0.226 0.380 0.116 -0.513 -0.286 -0.375 0.020 -0.336 -0.428 0.010 -0.014 -0.565 

Note: Pearson’s correlation coefficient is indicated with levels of significance (* for P ≤ 0.05 and ** for P ≤ 0.01 are indicated in bold). Negative and positive correlation between factors are 

shown by minus and plus signs. 
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Statistical analyses 

For statistical analysis, the normality of frequency 

distributions was analyzed by Kolmogorov–Smirnov test. 

One-way ANOVA test was done to compare the means for 

normal distribution. In order to find any relationship 

between different factors, bivariant analysis with Pearson 

and Spearman correlation coefficient were performed.  

Average-linkage method with standard Euclidean 

coefficient was performed for hierarchical cluster analysis 

(HCA) using essential oils components from the different 

populations. Principal component analysis (PCA) was 

carried out based on the relative contents of oil components 

from different populations as dependent variables 

(Radjabian et al. 2014). The statistical SPSS v. 21 software 

(IBM Inc, Chicago, IL) was used to conduct the different 

statistical tests in this study. 

RESULTS AND DISCUSSION 

Characterization of essential oils 

The composition of the essential oils, their relative 

percentages and the oil yields of the ten studied populations 

of H. persicum are listed in Table 2. Essential oils with 

yellow color and strong odor exhibited a considerable 

variation between populations both in their oil yields and in 

their chemical compositions. The yield of the essential oil 

extracted from the Heracleum fruits is varrying from the 

lowest value of 2.22% of the extraction for the population 

of Polur (PLR) to the maximal value of 8.32% for the 

populations of Dona (KND), both localities closed to 

Tehran. A significant variation in the number of chemical 

oils components was observed through all the localities, 

with an average of 32 different chemical compounds found 

in the extracted essential oils (Table 2). The minimal 

number of oil compounds was found in the population of 

Bardsir-Lalehzar (LZR) with a total of 18 different 

components, while the maximal number was found in the 

population of Firuzkuh Tangeh Vashi (TNG) with a total of 

43 different compounds identified, representing two times 

more than the number identified in the previous population 

(Table 2).  

Based on the GC/MS results, 43 different chemical 

compounds were identified within the ten populations of H. 

persicum studied here accounting for 89.51-99.37% of the 

total extracted oils (Table 2). The essential oils were 

complex mixtures of alcohol (0-0.86%), aldehyde (0-

3.83%), aliphatic esters (with the highest amount 

comprised between 81.65 and 95.39%), monoterpene 

hydrocarbons (0-8%), oxygenated monoterpenes (0-

3.39%), hydrocarbon (0-1.79%) and sesquiterpene (0-

0.53%). Aliphatic esters were the main category of the 

chmcial components present in the Golpar essential oils 

and some of these components were present in all 

populations: isopropyl-2-methyl butyrate (from 0.49% in 

PLR to 4.89% in YZD), isopropyl-3-methyl butyrate (from 

1.38% in LZR to 4.35% in YAD), hexyl isobutyrate (from 

1.24% in TNG to 7.54% in PLR), hexyl butyrate (from 

14.53% in KND to 22.98% in YZD), octenol acetate (from 

2.07% in AKM to 7.93% in LZR), octyl acetate (from 

10.11% in PLR to 24.54% in AKM), hexyl-2-methyl 

butyrate (from 1.7% in TNG to 9.53% in LZR), octyl 

isobutyrate (from 0.54% in TNG to 9.04% in KND), hexyl 

hexanoate (from 2.34% in PLR to 8.84% in TNG), octyl 

butyrate (from 1.32% in LZR to 7.5% in HMD) and n-

octyl-2-methyl butyrate (from 1.15% in TNG to 9.95% in 

HMD).  

Hexyl butyrate with contents included between 14.53% 

in the population of Dona (KND) to 26.41% in the 

population Lalehzar (LZR) as well as octyl acetate 

representing 10.11% in the population of Polur (PLR) to 

24.54% in the population of Akhlamad (AKM) of the 

chemical compounds were recognized as the two main oil 

compounds specific of the Golpar species showing equally 

high amounts in different populations of H. persicum. 

Hexyl 2-methyl butyrate (from 1.7% in TNG to 9.53% in 

LZR) and N-Octyl 2-methyl butyrate (from 1.15% in TNG 

to 9.95% in HMD) are the second highest oils amounts 

identified in our sampling. 

The alcohol molecule as hexanol was recorded to be 

present only in the population of Ramsar (RMS) (0.86%), 

while the sesquiterpene E, E-alpha-farnesene was found 

only in the locality of Sareyn (SRN) (0.53%). Three 

aldehydes consisting of n-octanal (from 0.45% in AKM 

and ZSK to 1.72% in HMD), n-decanal (from 0% in SRN, 

HMD, RMS, TNG and LZR to 2.24% in YZD) and 

dodecanal (from 0% in HMD, RMS, PLR and LZR to 

1.15% in TNG) were also identified within our populations. 

Four monoterpene hydrocarbons were recorded to be 

present in our study: α-pinene (0-0.42%), p-cymene (0-

2.81%), γ-terpinene (0-4.67%) and limonene (0-0.61%). 

Two oxygenated monoterpenes were also found: linalool 

(0-3.39%) and E-anethole (0-2.14%).  

Climatic and edaphic properties 

The results of soil analysis for the ten locations are 

presented in Table 3. Among these data, the electrical 

conductivity (EC) (from 1.283 ms/cm in TNG to 2.76 

ms/cm in LZR), Na+ (from 1.2% in RMS to 14.7% in 

LZR), Cl- (from 5.9% in TNG to 18.9% in LZR), Ca2+ 

(from 1.9% in TNG to 9.6% in RMS) and CaCO3 (from 

7.3% in HMD to 17.3% in TNG) showed considerable 

variabilities between the ten Golpar locations (from 2-fold 

for EC to more than 10-fold for Na+).  

The information about the 19 climatic factors applied to 

the ten populations are shown in Table 4. Annual mean 

diurnal range (CLIM2) showed a range from 12.12°C 

(SRN) to 16.44°C (LZR). A range of 33.20°C (SRN) to 

42.49°C was achieved for the isothermality (CLIM3). 

Precipitations of wettest month (CLIM13) showed a large 

range from 17mm (YZD) to 5 times more with 71mm 

(HMD), while the wettest month (CLIM16) received 

between 1mm (YZD) to 39mm (SRN) of precipitations.  

Statistical analyses 

Correlations among different components of essential 

oils are represented in Table 5. Positive correlations were 

found between pairs of isopropyl-3-methyl butyrate and 

isopropyl-2-methyl butyrate, p-cymene and isopropyl-3-

mehyl butyrate, butyl 2-methyl butanoate and butyl 
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isobutyrate, terpinene and isopropyl 3-methyl butyrate, 

terpinene and p-cymene, octanol acetate and hexyl 

butyrate, hexyl 2-methyl butyrate and hexyl acetate, n-octyl 

butyrate and octanal, n-octyl-2-methyl butyrate and octyl 

isobutyrate, and negative correlations are between hexyl 2-

methyl butyrate and n-octanal, hexyl hexanoate and hexyl 

isobutyrate, n-octyl 2-methyl butyrate and isopropyl 2-

methyl butyrate.  

Interactions between edaphic and climatic factors and 

the essence oils characteristics of the ten Golpar 

populations are presented in Tables 6 and 7. The number of 

chemical components present in the essential oils of each 

populations was negatively correlated with the electrical 

conductivity (EC) and the chloride content (Cl-) of the soil. 

Oil yields are positively correlated with phosphor content 

of the soil. Hexyl butyrate and octenol acetate are 

positively correlated with the electrical conductivity (EC) 

and the chloride content (Cl-) of the soil content too as well 

as with the annual mean diurnal range (CLIM2) and 

strongly with the isothermality (CLIM3) applied to the 

plants. Except these two compounds specific to H. 

persicum, E-anethol and N-octyl-2-methyl-butyrate are the 

only two chemical compounds correlated with one climatic 

variable, the quantity of precipitations received during the 

coldest quarter of the season (CLIM19). 

The dendrogram obtained by hierarchical cluster 

analysis (HCA) of the relative contents of the essential oils 

(Figure 2) indicated that the ten populations of H. persicum 

were divided into two main clusters at an average distance 

value (ADV) of 25: cluster A1 including PLR and KND 

and cluster A2 including the rest of the populations. The 

cluster A2 in itself is sub-divided into two smaller sub-

clusters at ADV 24: cluster B1 including LZR and cluster 

B2. The cluster B2 is also sub-divided into two sub-clusters 

at ADV 20: cluster C1 including HMD and TNG and 

cluster C2 (including YZD, AKM, SRN, ZSK and RMS). 

The graph obtained from principal component analysis 

(PCA) of the relative contents of the essential oils (Figure 

3) indicated that ten populations of H. persicum were 

placed into five groups; SRN, ZSK, AKM, YZD and RMS 

in the first group, KND and PLR in the second one and 

HMD, TNG and LZR each located in one of the three 

separate groups.  

Discussion 

Expanded variability of chemical compounds/oil yields 

Significant variations within the essential oil 

components present among Iranian populations of Persian 

hogweed have been recorded in our study. Although 

similar variations and differences have already been 

recorded before within a larger sampling of 17 Iranian 

populations in Radjabian et al. (2013), certain different 

results should be enlightened here. First, the number of 

chemical components of essential oils identified in our 

study varied from 18 to 43 with a average per population of 

32 different molecules identified. A similar average 

number per population (31.1) has been identified by 

Radjabian and his colleagues (2013) and similar numbers 

and ranges have been recorded in previous studies: 33 

(Radjabian et al. 2014), 21-35 (Radjabian et al. 2013), 32  

 
 

Figure 2. Dendrogram obtained by hierarchical cluster analysis of 

the distribution of the essential oil compounds of the ten H. 

persicum populations, using average linkage between groups 

(rescales distance cluster combine) 

 

 

 
 

Figure 3. Principal component analysis of the distribution of the 

essential oil compounds of ten populations of H. persicum. 

The numbers are referring to the sample numbers P of the 

populations listed in Table 1. 

 

 

Table 8. Component matrix of the principal component analysis 

(PCA) with the essential oils information obtained for the ten 

different populations of H. persicum. 

 

 
Components 

1 2 3 

Isopropyl-2-methyl butyrate 0.945 0.030 0.149 

Isopropyl-3-methyl butyrate 0.876 0.042 0.103 

γ-terpinene 0.870 -0.202 0.001 

p-cymene 0.846 -0.295 0.010 

Isopropyl 3-methyl-2-butanoate 0.644 0.440 0.188 

Butyl 2-methyl butanoate 0.600 0.517 0.386 

Isobutyl isobutyrate 0.301 0.882 0.016 

n-octanal 0.013 0.792 -0.572 

n-octyl butyrate -0.297 0.679 -0.577 

Butyl 3-methyl butanoate 0.122 0.590 0.615 

Hexyl isobutyrate -0.235 -0.172 0.888 

Hexyl 2-methyl butyrate -0.184 -0.459 0.823 

Butyl isobutyrate 0.317 0.300 0.645 
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(Saeidnia et al. 2005; Firuzi et al. 2010; Ebadollahi, et al. 

2014), 23 (Hajhashemi et al. 2009). However, our results 

are expanding the existing diversity of chemical molecules 

present and identified in hogweed populations with lower 

(18) and higher numbers (43) never obtained before. 

Indeed, three populations possessed more than 35 different 

chemical compounds in their essential oils (Kandovan, 

Tangeh Vashi and Polur) which has never been reported so 

far. It should be noticed that these three locations are 

geographically close to each other and located in the 

neighborhood of Tehran. Second, the oil yields obtained 

from the fruits extraction represented variable rates from 

2.22% for the Polur population to 8.32% for the Dona 

population. Similarly to the number of chemical 

compounds identified, the range of the oils yields present in 

Iranian populations of H. persicum was also expanded by 

our results compared to the existing literature. Indeed, 

several rates obtained here were largely higher than the 

ones published in previous studies: 3.8% (Radjabian et al. 

2013), 1.6-4.9% (Radjabian et al. 2013), 4 (Hajhashemi et 

al. 2009), 1.6 (Ebadollahi et al. 2014), 1.8 (Firuzi et al. 

2010). The populations located in Polur, Lalehzar and Yazd 

presented the lowest oil yields of our study, with 

respectively 2.22%, 2.24% and 2.55%. These hogweed 

populations are located near the regions of Damavand and 

Aliabad, where the lower amounts of oil yields have been 

recorded in Radjabian et al. (2013) with 1.6% and 2.2%. 

Moreover, the population of Kandovan presenting the 

highest amount of oil yield of our study is also located near 

to Gajere, where was detected one of the highest amount of 

the previous study of Radjabian et al. (2013). These two 

similarities are indicating that the oil yield is fixed 

geographically and that the plants grown in certain regions 

will produce more oils than the ones grown in another 

region. In average, our GC and GC-MS methods have 

identified the same number of different chemical 

compounds than previous studies, but these active 

molecules are constituting higher percentages of oil yields 

in our extractions than in the ones done by Radjabian et al. 

using similar methods on Iranian Golpar fruits (average of 

4.3% of oil yields compared to 2.8% in Radjabian et al. 

2013). Then, these global higher results in the chemical 

identification and in the oil yields are probably due to a 

different sampling than the similar work of Radjabian et 

her colleagues. Indeed, even if our sampling of Iranian 

hogweed populations is smaller (10 < 17), the diversities of 

Iranian regions investigated are similar (7) than the 

sampling of Radjabian et al. (2013). Moreover, two 

populations present in locations shared by both samplings 

(Polur & Tangeh Vashi) are presenting similar (2.22% 

compared to 2.1% for Polur) or equivalent (4.59% 

compared to 3.0 % for Tangeh Vashi) oil yields results, 

confirming the accuracy of our method and the pertinence 

of our results. 

Dominant essential oils influenced by the environment 

Similarly to previous results, the molecules of hexyl 

butyrate and octyl acetate are the two main chemical 

components presenting the largest quantities within the 

essential oils extracted (14.53%-26.41%, 10.11%-24.54% 

respectively). Based on the literature, the co-occurence of 

these two main compounds within fruits oils is a taxonomic 

trait specific to H. persicum samples (Radjabian et al. 

2013; Radjabian et al. 2014). Additionally, the variations in 

the proportions between these two molecules allowed 

Radjabian and his colleagues to group Iranian populations 

of H. persicum into three groups: one group of populations 

containing equal amounts of these two molecules, one 

group of populations containing more octyl acetate than 

hexyl butyrate and a third group of populations containing 

the inverse (octyl acetate < hexyl butyrate; Radjabian et al. 

2013). This categorization motivated by chemotaxonomic 

reasons is dividing our smaller sampling in three groups 

too: populations of Sareyn, Kandovan and Zoshk belonging 

to the first category (octyl acetate = hexyl butyrate), the 

single population of Akhlamad belonging to the second 

category (octyl acetate > hexyl butyrate) and the rest of our 

investigated populations belonging to the last category. 

However, no clear relationship between these two 

components have been detected (Table 5), justifying the 

creation of this categorization, at the light of edaphic and 

climatic information (Table 6 and 7) and genetic tools 

should be used to verify the pertinence of this 

categorization. It should mentioned that the two 

populations sharing the same locations than the ones of 

Radjabian et al. (2013) (Polur & Tangeh Vashi) have 

different octyl acetate/hexyl butyrate ratios and are 

classified in different chemotaxonomic categories than in 

the previous study. On the other hand, the concentrations of 

the hexyl butyrate molecule in fruits oils are explained by 

the variations of the electrical conductivity and of the 

chloride and nitrogen content of the soil where the Golpar 

plants grew. The annual mean diurnal range and the 

isothermality applied to the populations are also affecting 

strongly the variations of the concentration of this 

molecule. To summarize our findings about the different 

impacts of the edaphic and climatic factors, the 

concentration of this important chemical compound in the 

fruit oils is increased if the plants are growing in a soil rich 

in salts with a low level of nitrogen and under constant 

high temperatures. These new information can be crucial in 

the production of essential oils using Heracleum persicum 

plants. These findings about the optimal conditions for the 

hexyl butyrate production should be, however, confirmed 

by growth chamber experiments under controlled-

environments.  

Variations of the secondary chemical compounds 

Hexyl isobutyrate, octenol acetate, hexyl-2-methyl 

butyrate, octyl isobutyrate, hexyl hexanoate, n-octyl 

butyrate and n-octyl-2-methyl butyrate are the molecules 

with the secondary higher amounts identified in our study 

(~5%). Their identifications and their quantifications are in 

accordance with previous reports (Saeidnia et al. 2005, 

Hajhashemi et al. 2009, Radjabian et al. 2013, Ebadollahi 

et al. 2014, Radjabian et al. 2014). Three of these 

secondary compounds were determinant in the principal 

component analysis (Figure 3) and were presenting high 

variability: n-octyl butyrate was representing 68% of the 

variability on the second axis, while hexyl isobutyrate and 
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hexyl-2-methyl butyrate were representing 89% and 82% 

of the variability representied on the third axis. Moreover, 

rare chemical compounds (<5%) as isopropyl-2-methyl 

butyrate, isopropyl-3-methyl butyrate, γ-terpinene and p-

cymene were composing the majority of the variability 

represented on the first axis (94.5%, 88%, 87%, and 

85%respectively). These four last chemical compounds 

were affected highly the grouping of the different 

populations of H. persicum tested in this study. Moreover, 

the amount of these components are positively correlated to 

each other. To conclude, although hexyl butyrate and octyl 

acetate are the chemical components with the highest 

amounts in all populations and can be used to separate 

Heracleum persicum from the other species of Heracleum, 

these “rare” chemical compounds are more useful on the 

species level to separate the different populations of H. 

persicum. However, additional factors such as genetic 

background and environmental variables, in particular the 

date of collection can affect these essential oils components 

within H. persicum. Moreover, environmental stresses can 

have important effects on the genes expression, the enzyme 

production and the synthetisation of the chemical 

compounds constituting the essential oils present in the 

plant metabolism (Lantemona et al. 2013). If a genetic 

background can explain the fact that certain populations, as 

per example the populations of Sareyn, Hamedan and 

Kandovan, are producing three times more oils than other 

Iranian populations (oil yield rates higher than 6%), certain 

environmental factor can participate to this higher 

production. Inversely to the main chemical compounds of 

H. persicum (hexyl butyrate), the number of components 

identified in the essential oils is increased if the plants are 

gowing in soils presenting low electrical conductivity and 

low chloride content. These two edaphic factors are 

blocking the production of hexyl butyrate in the plant and 

favouring the production of other chemical compounds. In 

addition, this production of diverse chemical compounds 

necessitates a large range of extrem and instable 

temperatures applied to the plants. These new findings are 

providing crucial information in order to increase the 

production of chemical compounds present in Heracleum 

persicum. In the perspective of producing Golpar to extract 

its essential oils, our results are providing important 

information about which populations the botanists should 

select and the soil and thermic conditions required by the 

plants, as well as which nutrient should be provide to the 

plants. Indeed, the increase of phospore (P) in the soil is 

increasing the oil yields produced by the fruits of the plant. 

To conclude, certain new results are providing 

important information for the production of essential oils in 

Golpar, while other results confirmed previous 

conclusions. Indeed, certain rare chemical compounds such 

as γ-terpinene or p-cymene seem to be more pertinent in 

chemotaxonomy than the two main molecules (hexyl 

butyrate & octyl acetate) in order to differentiate 

populations within the H. persicum species. New findings 

enlightened the impacts of certain environmental 

parameters on the production of the essential oils by the 

Golpar plant (EC, Cl, P, variable temperatures). Although 

these preliminary results have to be confirmed by 

controlled-environment experiments, they are providing 

new ways to explore in order to improve the use of 

Heracleum persicum as aromatic plant. 
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Genetic variability and heritability are very important in a variety improvement. The high genetic diversity can increase the probability 
on obtaining a new superior variety, while heritability can accelerate the selection process. In acidic dry land, genetic variability is also 
needed in order to increase such probability. The objective of this study was to estimate the genetic variability of acid-adaptive soybean 
promising lines. Ten advanced soybean-promising-lines derived from Tanggamus × Anjasmoro varieties crossing were used as the 
materials. Results showed that the characters of days to flowering, the number of branches plant-1, the number of reproductive nodes 
plant-1, 100 grains weight and grain yield had broad genetic variability, while days to maturity, plant height and the number of filled 
pods plant-1 had narrow genetic variability. Characters of days to flowering, days to maturity, the number of filled pods plant-1 and 100-
grain weight showed high broad sense heritability; characters of a number of branches plant-1, and the number of reproductive nodes 
plant-1 had moderate broad sense heritability; and plant height and grain yield had low broad sense heritability. Characters with broad 
genetic variability and high heritability can be used as sources in soybean variety improvement. The positive correlation between 
number of branches plant-1 with number of reproductive nodes plant-1 and number of filled pods plant-1 were significant. Significant 
positive correlations were also found between number of reproductive nodes plant-1 with number of filled pods plant-1. Negative 
correlations were found between weight of 100 grains with number of reproductive nodes plant-1 and number of filled pods plant-1. 
Similarly, negative correlations were also found between days to flowering with grain yield. Negative correlation between days to 
flowering and grain yield suggests to develop variety with early days to flowering. 

Keywords: Acid soil, genetic variability, heritability, soybean  

INTRODUCTION 

Soybean is one of the important crops after rice and 
corn in Indonesia. The demand of soybean has not been 
fulfilled from domestic production. Most of the demand is 
for food ingredient likes tempeh, tofu, and soy sauce. 
Indonesian government urges to grown soybean in various 
agroecology such as in paddy field after rice, dry land, acid 
soil and tidal swamp land. Acid soil occupies about 69% of 
total dry land in Indonesia (Mulyani 2006). Developing 
acid-adaptive soybean variety in this area will increase 
domestic soybean production. Therefore, many efforts have 
been being conducted in developing acid-adaptive soybean 
variety through various agricultural practices including 
germplasm screening, artificial crossing and mutation, 
selection of segregated population, potential yield trial, and 
genetic × environment interaction. 

In plant breeding program, genetic variability is the 
primary factor in developing a superior variety. Broad 
genetic variability allows superior variety can be developed 
faster. Plant breeders attempt to make their genetic material 
broader through many programs such as landraces 
exploration, artificial mutation, and germplasm 
introduction from other countries. Landraces exploration is 
very  useful to find out  genetic  material  for  specific  
 

purposes, especially for adaptation in a specific 
agroecology. Artificial mutation can be served as a 
technique to broaden genetic variability by damaging plant 
DNA. The damaged DNA will constitute new DNA 
sequence that can express the different performance of a 
character or whole characters in a plant. Germplasm 
introduction from other countries can broaden genetic 
variability. There is a geographical correlation that can be 
detected in a population (Wang and Li 2012). Usually, 
germplasm introduction express different response to the 
new environment. Therefore, pretreatment such as 
acclimation should be performed to find out the genetic 
value of the introduced germplasm before they are used as 
new genetic material in a breeding program. 

Similar to genetic variability, heritability is also the 
main factor in plant breeding program. Heritability has 
main role in estimating inheritance ability (Omoigui et al. 
2006), by expressing phenotypic value as breeding value. 
The magnitude of heritability determines the similarity of 
the parents to the offspring. A trait with high heritability is 
not relatively affected by the environment, where its 
performance is most influenced by the genes constitution. 
Therefore, heritability can also indicate the easiness of a 
trait to be improved through selection (Bekele et al. 2012). 
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MATERIALS AND METHODS 

Research site and design 
The experiment was conducted in the acid soil of South 

Lampung in Rainy Season II, from February to May 2011. 
Ten soybean lines were grown at Natar Research Station, 
South Lampung, Indinesia. The coordinate of this site is 
5°18'52.2"S 105°10'36.2"E. The altitude was 135 m above 
sea level. The soil type was Ultisols. The design was 
randomized completely block with four replications. The 
plant materials were ten soybean promising lines derived 
from “Tanggamus” and “Anjasmoro” crossing. 

Soil preparation and cultural practice 
Before planting, soil preparation was carried out by 

plowing the soil. Leveling the soil was done by using a 
rake. Every soybean line was grown in a plot with the size 
of 2.4 m × 4.5 m. The planting space was 0.4 m × 0.15 m. 
In one hill there were two plants. Fertilizer was applied at 
the sowing time by using Urea, SP36 and KCl with the 
doses of 50, 75 and 75 kg ha-1 respectively. Weed control 
was conducted manually at two and four weeks after 
planting. Pests and diseases controls were intensively 
applied by monitoring.  

Data collection  
Observations were conducted for days to flowering, 

days to maturity, plant height, the number of branches 
plant-1, the number of reproductive nodes plant-1, the 
number of filled pods plant-1, grain size and grain yield. 
Days to maturity was carried out after the crop was 
physiologically matured. It was designated by yellowing or 
browning pods and falling leaves. Grain size was measured 
by weighing 100 grains. 

Data analysis 
Analysis of variance was performed by using PKBT 

STAT 1.0. Genetic variance was calculated based on the 
expected mean squares. The criteria of genetic variability 
were classified based on the deviation of genetic variance. 
If the coefficient of genetic variance is higher or equal to 
two times of the genotypic standard deviation (GCV ≥ 2), 
the genetic variability is broad. If the coefficient of genetic 
variance is lower than the genotypic standard deviation 
(GCV < 2), the genetic variability is narrow. 

RESULTS AND DISCUSSION 

The results showed that all the characters were 
observed significantly different or very noticeable, except 
for plant height and grain yield plant-1 (Table 1). The 
significant difference among the genotypes based on the 
analysis of variance indicates the sufficient amount of 
variability the tested genotypes (Raulji et al. 2014). This 
indicates that at least one variety has a different character 
among the 10 varieties. Similar results were obtained in 
ILETRI germplasm collection (Kuswantoro 2012), and the 
germplasm collection from Korea (Kuswantoro 2013). 
However, in both studies, plant height and grain yield were 

significantly different. Calculation of the variance (Table 
1), still involved environmental variance, where the 
difference was assessed as individual difference based on 
the phenotypic performance, not genotypic performance 

Days to flowering ranged from 35.5-43.5 days with the 
average of 38.6 days (Table 2). Based on the phenotypic 
performance, the value of this range is narrow when 
compared to the studies that use soybean germplasm 
originated from various regions in Indonesia and some 
introduced varieties with a range of 20-61 days and average 
46 days (Kuswantoro 2012). However, this study is similar 
to Kuswantoro (2013) that uses introduced varieties from 
Korea with 25-32 days and average of 28 days. Allegedly, 
the narrow variability of the phenotypic performance of 
days to flowering is due to the genetic material are derived 
from the same crossing (Tanggamus × Anjasmoro). Similar 
to the days to flowering, days to maturity also had a narrow 
range of 81.8-86.0 days (Table 2) when compared to the 
ILETRI’s germplasm collection ranging from 72.5 to 95 
days (Kuswantoro 2012) although the average days to 
maturity is slightly similar (84.4 days) (Table 2). 

Plant height ranged from 51.4-68.6 cm with an average 
of 63 cm. Despite growing in the acid dry land, soybean 
can still show plant height as high as when grown in an 
optimal land. Kuswantoro et al. (2014a) reported higher 
plant height in the acid dry land than in the optimal land. 
Similarly, the number of filled pods plant-1 and 
reproductive nodes in this study are also equivalent to the 
soybeans grown in an optimal land (Kuswantoro et al. 
2014b). This similarity may be due to the sufficiency of 
water supply for soybean growth and development. In acid 
soil, water supply is more important than the acidity itself 
(Kuswantoro and Zen, 2013). Even though the pH of the 
soil in this study was quite low, the plants still able to grow 
and develop properly. It is also caused by the lines that are 
selected from a series of activities of plant breeding for 
tolerance to acid dry land. 

As shown by the analysis of variance of quantitative 
characters in Table 1, the performance differences among 
the genotypes in this study were significant unless plant 
height and grain yield. It indicates that at least one 
genotype differed to the other genotypes. Basically, the 
variance calculation measures individual differences based 
on the phenotypic performance. Therefore, it is necessary 
to measure the genetic coefficient of variance (GCV) in  

 
Table 1. Analysis of variance of some soybean quantitative 
characters 
 
Character MSg MSe 

Days to flowering (day) 23.96** 1.53 
Days to maturity (day) 8.07** 0.81 
Plant height (cm) 127.44 75.03 
Number of branches plant-1 2.58* 0.83 
Number of reproductive nodes plant-1 57.17** 17.07 
Number of filled pods plant-1 533.23** 44.72 
Weight of 100 grains (g) 11.93** 1.46 
Grain yield (t/ha) 0.08 0.05 
Note: **significant at level of 1%, * significant at level of 5%, 
MSg = genetic mean square, MSe = error mean square 
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determination the involvement of genetic factors and 
environmental factors in phenotypic performance. Broad or 
narrow the genetic variability criteria based on the genetic 
standard deviation showed that the character of days to 
maturity, plant height, and number of filled pods were 

narrow; whereas characters of days to flowering, the 
number of branches and the number of reproductive nodes 
plant-1, the weight of 100 grains and grain yield were 
broad. This classification applies specifically to 10 
promising lines in this study. 

 
 
 

Table 2. Range, average and standard deviation of some soybean agronomical characters 
 
Character Range Average Standard deviation

Days to flowering (day) 35.5-43.5 38.6 2.45 
Days to maturity (day) 81.8-86.0 84.4 1.42 
Plant height (cm) 51.4-68.6 63.0 5.64 
Number of branches plant-1 1.6-4.2 2.8 0.80 
Number of reproductive nodes plant-1 13.2-24.5 17.3 3.78 
Number of filled pods plant-1 25.0-68.4 47.6 11.55 
Weight of 100 grains (g) 10.16-16.00 12.05 1.73 
Grain yield (t/ha) 1.36-1.83 1.57 0.14 
 
 
Table 3. Phenotypic and genotypic coefficient of variance and variability criteria of some soybean agronomical characters 
 

Character PCV GCV 2
gσ

σ  
Criteria  

Days to flowering (day) 6.92 6.13 2.57 Broad 
Days to maturity (day) 1.92 1.60 0.87 Narrow 
Plant height (cm) 14.91 5.75 19.46 Narrow 
Number of branches plant-1 40.79 23.97 0.32 Broad 
Number of reproductive nodes plant-1 30.12 18.32 6.87 Broad 
Number of filled pods plant-1 27.16 23.24 57.45 Narrow 
Weight of 100 grains (g) 16.75 13.42 1.30 Broad 
Grain yield (t/ha) 15.25 5.51 0.01 Broad 
Note: PCV = phenotypic coefficients of variation, GCV = genotypic coefficients of variation 
 
 
 

Table 4. Phenotypic and genetic variance, and heritability of some soybean agronomical characters 
 
Character σ2

g σ2
p σ2

e Hbs 
Days to flowering (day) 5.608 7.138 1.53 0.786 
Days to maturity (day) 1.815 2.625 0.81 0.691 
Plant height (cm) 13.103 88.133 75.03 0.149 
Number of branches plant-1 0.438 1.268 0.83 0.345 
Number of reproductive nodes plant-1 10.025 27.095 17.07 0.370 
Number of filled pods plant-1 122.128 166.848 44.72 0.732 
Weight of 100 grains (g) 2.618 4.078 1.46 0.642 
Grain yield (t/ha) 0.0075 0.058 0.05 0.130 
Note: σ2

g = genetic variance, σ2
p = phenotypic variance, σ2

e = environmental variance, Hbs = broad sense heritability 

 
 
Table 5. Correlation among some soybean agronomical characters 
 

DTM HIG BRC NOD POD W100 YLD 
DTF 0.225 0.035 -0.048 0.148 -0.198 0.140 -0.550* 
DTM  0.147 -0.176 0.283 0.239 -0.361 -0.392 
HIG   0.076 0.140 0.217 -0.281 0.089 
BRC    0.832** 0.716** -0.338 0.426 
NOD     0.659* -0.556* 0.146 
POD      -0.595* 0.538 
W100       -0.333 

Note: **significant at level of 1%, * significant at level of 5%, DTF = days to flowering, DTM = days to maturity, HIG = plant height, 
BRC = number of branches plant-1, POD = number of filled pods plant-1, NOD = number of reproductive nodes plant-1, YLD = grain 
yield t ha-1 
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The values of phenotypic coefficients of variation 
(PCV) were higher than genotypic coefficients of variation 
(GCV) (Table 3). Some authors also reported similar 
results (Baraskar et al. 2014; Dilnesaw et al., 2013; Eka 
and Lal 2016; Sudhanshu et al. 2015; Yadav et al. 2015). 
There were four characters that had farther values between 
these two estimates, i.e. plant height, the number of 
branches plant-1, the umber of reproductive nodes plant-1 
and grain yield. Closer values between PCV and GCV were 
shown by characters of days to flowering and days to 
maturity, the number of filled pods plant-1, and weight of 
100 grains. The slight differences suggest that these 
characters were relatively less influenced by the 
environment and per se (Dilnesaw et al. 2013). The slight 
differences indicating the presence of wider adaptability for 
these traits suggest the less influence of environment in 
characters expression (Reni and Rao 2013) and the greater 
role in these traits expression (Eka and Lal 2016; Nidhi et 
al 2015). 

Heritability is the ratio of genetic variance to 
phenotypic variance. The highest heritability was shown by 
days to flowering, the number of filled pods, days to 
maturity and weight of 100 grains, i.e. 0.786, 0.732, 0.691 
and 0.642 respectively. Similar results are reported by 
Kuswantoro et al. (2006), Kuswantoro (2012) and Ojo and 
Ayuba (2016), in which the number of filled pods and days 
to maturity have high heritability. However, the heritability 
of weight of 100 grains varied from low (Alt et al. 2002), 
moderate (Kuswantoro et al. 2006) and high (Aidtya et al. 
2011; Ekka and Lal 2016; Kuswantoro 2012; 2013; Reni 
and Rao 2013) depending on the difference in the 
genotype, environments and measurement methods. 
Moderate heritability was shown by the number of 
branches plant-1 and number of reproductive nodes plant-1 
(Table 4). Reni and Rao (2013) reported high heritability 
on the character of the number of branches plant-1. 
Heritability of plant height in this study was low, while 
some authors reported as high (Malek et al. 2014; Reni and 
Rao 2013; Yadav et al. 2015). Grain yield is a character 
supported by other characters, especially number of pods 
and weight of 100 grains. In this study, low heritability was 
shown by grain yield, although the primary components of 
the number of pods and weight of 100 grains had high 
heritability (Table 4). This may be due to the different 
number of grains plant-1. In this study, the number of seed 
plant-1 reflecting the number of grains per pod was not 
observed. 

Heritability determines the progress of the selection and 
selection methods that will be used in the developing of 
variety. In this study high heritability values was shown by 
days to flowering, days to maturity, plant height, and 
weight of 100 grains. These four characters will have high 
selection response. On the other hand, the number of 
branches plant-1 and the number of reproductive nodes 
plant-1 will lead moderate selection response due to the 
moderate heritability. Similarly, the number of branches 
plant-1 and seed yield plant-1 that had low heritability will 
lead low selection response. 

Correlation among characters is important in plant 
breeding program because it can predict the improvement a 

character through other characters. The number of branches 
plant-1 (BRC) had a significant correlation with the number 
of reproductive nodes plant-1 (NOD) and the number of 
filled pods plant-1 (POD) (Table 5). Kuswantoro et al 
(2014b) reported a significant correlation between these 
two characters with the number of branches plant-1 in acid 
soil and optimal condition. It reflects that higher number of 
branches plant-1 lead higher number of reproductive nodes 
plant-1 and number of filled pods plant-1. Soybean nodes are 
located on primary stem and branches. In this study, 
reproductive nodes on the primary stem were included in 
the calculation. Therefore, the correlation confirms that the 
most reproductive nodes were located on the branches.  

Reproductive node is a node in soybean plant that have 
one or more pods. Reproductive node can be found both in 
primary stem and branches. The number of reproductive 
nodes plant-1 had positive correlation with the number of 
filled pods plant-1 (Table 5). It meant that many 
reproductive nodes plant-1 increased number of filled pods 
plant-1. Kuswantoro et al. (2014b) revealed that the 
correlation is consistent in acid soil and optimal land 
condition. 

Significant correlation between the number of branches 
plant-1 and number of filled pods plant-1 may be due to the 
pods were located on the branches. Iqbal et al. (2010) also 
reported similar result in the optimal land condition. The 
branches that can develop optimally lead increasing 
number of filled pods plant-1. Besides, this relationship 
may also be due to the indirect effect from the branches 
through reproductive nodes producing the number of filled 
pods.  

The weight of 100 grains reflects grain size. The 
relationship between the weight of 100 grains (W100) with 
the number of nodes plant-1 and number of filled pods 
plant-1 showed negative value (Table 5). This relationship 
suggests that larger grain size would cause lower number 
of nodes plant-1 and number of filled pods plant-1; and 
vice versa. This phenomenon may be due to the low 
availability of nutrients in the soil with low pH 
(Kuswantoro 2014) causing small materials availability to 
be processed as assimilates. Essential nutrients are also 
suppressed when entering the plant (Bose et al. 2011). A 
Higher number of filled pods plant-1 leads smaller grain 
size because the limited materials availability has to be 
shared to many pods. Therefore, the pod is not filled by 
grains completely causing small grain size. However, Iqbal 
et al (2010) reported no relationship between the weight of 
100 grains with the number of filled pods plant-1. 

Yield, the complex character, is supported by other 
agronomical characters (Athoni and Basavaraja 2012; Egli 
2013; El-Badawy and Mehasen 2012; Koladiya et al. 2012; 
Malik et al. 2011). However, among the observed 
characters in this study, there was only one character that 
had a significant negative correlation to grain yield (YLD), 
i.e. days to flowering (DTF) (Table 5). Negative correlation 
between these two characters is also reported by 
Kuswantoro and Zen (2013). The negative value of this 
correlation indicates that longer days to flowering causes 
lower grain yield. Days to flowering is a phase from 
seedling establishment to flowering. In a plant with late 
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flowering or longer days to flowering, the duration of days 
to maturity is shorter. It means that the increasing 
vegetative phase is shortening reproductive phase. The 
metabolic processes in reproductive phase are directed to 
produce grains. The short duration in producing grain leads 
little grain size or a small number of grains. Finally, grain 
yield is low due to the short reproductive that is limited by 
the longer days to flowering phase.  

To summarize, crossing of Tanggamus × Anjasmoro 
produced selected offspring with broad genetic variability 
on characters of days to flowering, the number of branches 
plant-1, the number of reproductive nodes plant-1, the 
weight of grains and grain yield per hectare. On the other 
hand, narrow genetic variability was found on characters of 
days to maturity, plant height and the number of filled pods 
plant-1. High broad sense heritability were found on the 
characters of days to flowering, days to maturity, the 
number of filled pods plant-1 and the weight of 100 grains, 
middle broad sense heritability were found on the character 
number of branches and the number of reproductive nodes 
plant-1 is classified, whereas low broad sense heritability 
were found on characters of plant height and grain yield per 
hectare. Significant correlation among some agronomical 
characters can be used to improve a targeted character. 
Development new superior variety should consider early 
days to flowering due to the negative value of the 
correlation between days to flowering and grain yield. 
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Abstract. Astiani D, Mujiman, Curran LM. 2017. Trees of tropical peatland forest influence on variability of water and carbon input 
through stemflow. Biodiversitas 18: 383-388. Hydrology controls the chemical and biotic processes in peatlands, influencing 
interactions among vegetation, nutrient dynamics, and carbon fluxes. The effects of forest degradation revealed severe changes in the 
hydrological cycle such as variability of water input on forest floor, soil water storage and the ability to abstract water from soil depth. A 
study had been conducted to investigate part of the water cycle, the amount of water and carbon input through stemflow into peatland 
forest floor for 2 years. Stemflow was measured on 20 trees of each 3 blocks of forest with tree diameter ranging from 10-30 cm dbh 
using stemflow collectors. Then the trees were grouped to three bark types (smooth, mid, and coarse) to investigate whether it had 
influenced the inputs. Results showed that with mean annual precipitation of 3282 ± 128mm, annual mean stemflow for the area was 
18.2% of the rainfall. Further analysis demonstrated that tree species with smoother bark textures tend to bring more water to forest floor 
compared to mid and coarse bark textures (46% and 42.5% more than coarse and intermediate consecutively). The carbon input also 
show similar trend. The results implied that tree species influence the amount of stemflow and significant amount of water could be 
slower down come to forest floor through this mechanism and protected forest soil. 

Keywords: Annual stemflow, peatland forest, hydrological flow, tree barks, tree species 

INTRODUCTION 

Peatland hydrology is an important factor influencing 
peatland ecology, development, function, and processes 
(Dommain et al. 2010: Hooijer et al. 2010). Peatland 
epecially forested peatlands have critical ecosystem 
functions either by mitigating or intensifying flooding 
and/or by maintaining those hydrological functions 
including drainage and filtering inputs and outputs. 
Hydrology influences landform development by regulating 
interactions among vegetation, nutrient dynamics, and 
carbon fluxes (Camino-Serrano 2014), and alters gas 
diffusion rates, nutrient availability and cycling, and soil 
redox status (Holden 2005). Moreover, hydrological 
processes are vital for water resource management, flood 
prevention and stream water quality, and also affect carbon 
balane on peatland (Bispo et al. 2016).  

Peatlands are also recognized as important storage of 
carbon (Page and Rieley 1998; Celine et al. 2013). In 
Kalimantan, Indonesian Borneo, they could contains 
approximatelly 650-1500 t carbon per meter depth (Astiani 
et al. 2017). Peat makes up of partially decomposed 
organic matter deposited in waterlogged lands ≈ 5,000-
15,000 years ago. Peat litters from forest accumulates 
organic material that is more resistant to decompose than 
plant litter found on mineral soils. The combination of very 
low pH with waterlogged condition restricts the rate of 
decomposition below the rate of litter production, resulting 
carbon accumulation in peat lands. Therefore, explanation 

on their hydrological interactions is crucial for 
understanding carbon accumulation and carbon cycles 
(Holden 2005). Poor drainage, long periods of water 
saturation, high rainfall and substrate acidification create 
conditions in which plant residues accumulate much faster 
than they decay (Fontaine et al. 2007). 

However, tropical peatlands, as well as other forest 
types, are converted to other land cover types at a high rate. 
Indonesia, especially Sumatra and Kalimantan, have under 
gone rapid deforestation since 1990 (FAO 2001; Archard et 
al. 2002). Forest degradation (Astiani 2016), fire 
disturbance, and land cover changes alter ecological 
functions especially within peat forest ecosystems. Forest 
land use change for agriculture has intensified groundwater 
recharge and increasing water tables (Bari and Smettem 
2006; Astiani et al. 2015). In Amazonian forests, the effects 
of forest conversion from fires or to agricultural lands 
revealed severe changes in the hydrological cycle such as 
variability of soil water storage and the ability to abstract 
water from soil depth (Hodnett et al. 1995; Grip et al. 
2004).  

The most important changes in hydrological fluxes as 
the consequence of forest conversion is the alteration in the 
quantity of water intercepted and evaporated to the 
atmosphere from vegetation surfaces (Dietz et al. 2006). 
However, less information is available for more gradual 
changes in vegetation structure as created by logging 
practices or forest degradation. The water balance on earth 
surface can be disrupted because of forest degradation and 
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conversion, especially in the partitioning of gross 
precipitation into throughfall, stemflow, and intercepted by 
tree canopy or stems (Sahin and Hall 1996). Generally, 
surface runoff and stream outflow increase when forest is 
cleared or degraded (Sahin and Hall 1996; Piao et al. 
2007). 

Until recently, we lacked of empirical studies in 
hydrological event dealing with carbon flow in tropical 
peatland forests especially focused carbon and nutrient 
flow as inputs partition from this ecosystem. To search how 
the water and nutrient input partition in peatlands forest can 
be calculated by defining the partition in the forest. This 
study aimed to investigate forest degradation influence on 
the quantity of water and carbon input to soil surface 
through stemflow mechanism and also, to investigate how 
tree species within peatland forest role in the input. 

MATERIALS AND METHODS 

Study site 
The study was conducted on an ombrotrophic, or rain-

fed coastal peat swamp forest in Kubu Raya District, West 
Kalimantan, Indonesia (0013’ S and109026’ E, ca~ 4 m 
a.s.l.). Mean annual rainfall in study are was 3.168 mm. For 
comparison, presipitation in Supadio Climate Station was 
3212 mm ± 489 (mean ± s.d. 2009-2014, Supadio Airport, 
<5km from site). In ‘normal’ years, no months with≤100 
mm rainfall are recorded, but some variation in dry season 
severity occurs at the onset of the El Niño Southern 
Oscillation (ENSO; e.g., three consecutive dry months, 
≤100 mm rainfall ). Recent ENSO associated droughts 
occurred in this region in 2004, 2006, 2009, 2012 with an 
ENSO frequency six decades is ~ 3-5.2 yrs (Supadio 
Airport Climate Data 2014). These forests have been 
degraded by low impact logging likely in 2002. This forest 
area was selected based on an extensive regional field 
survey and satellite image assessment that determined this 
was the least disturbed contiguous block of peatland forest 
available and was representative of peat land being 
converted or lost to fire.  

Stemflow measurement 
Stemflows were collected from forest trees also using 

flexible thin, flexible PVC pipe and polyurethane foam 
attached to tree trunks at 1 to 1.2 meter above ground. The 
stemflow water was drained using plastic tubes connected 
to water collectors in tree base (Figure 1.A). Stemflows 
were measured on 20 trees of 3 50x50m plots within the 
forest area with 10-30 cm dbh and from ~ 5m to 25m hts. 
Tree species selected were based on their richness within 
all peatland forest plots and/or their variability of bark 
structures (smooth, medium, and coarse). The bark 
structures criteria was defined based on tree outer bark 
thickness and roughness which was measured with caliper. 
Smooth, medium and coarse outer barks were defined 
when bark thickness and roughness was less than 0.2cm, 
0,2-1,0 cm and >1,0cm respectively. The thirteen species 
with their local name, family, and type of their barks are 
presented in Table 1 and Figure 1.A,1.B, and 1.C. 

Stemflows were collected once per week during rainy 
season and 2-4 week during dry season for quantity 
assessments. The stemflow were quantified collected with 
samples in 0.5 L amber capped glass bottles saved in 30 C 
refrigerator and were brought to the Laboratory to 
determine organic carbon quantity.  

Laboratory analysis were separated into dissolved 
inorganic and particulate organic carbon, and along with 
pollutants potentially from atmospheric deposition (SO4

2--
S, NO3

--N).Water sample were transfer into 0.5 L amber 
capped glass vials. Samples were refrigerated at 2-30C 
before transferred to Balai Pengkajian Biotechnology 
Laboratory in Bogor (West Java) in an ice cooler and 
stored at 4°C to minimize any potential change in sample 
constituents. Before this analysis, samples were returned to 
room temperature. Samples were prepared by filtering 
through a 0.45μm membrane. DOC concentration was 
measured by ultraviolet oxidation technology using SGE 
AnaTOC analyzer. Water samples were filtered through a 
prewashed 0.45 μm membrane prior to analyzing DOC to 
separate the suspended particles. UV-Visible Spectrophoto-
meter and APHA Standard methods 4500E and Brucine 
methods were applied to analysed SO4

2--S, NO3
--N contents. 

 
 
 
 

 
 

Figure 1. A. Stemflow collector, and B. smooth, C. medium, and D. coarse tree bark types 

A B C D 
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Table 1. List of species measured for their stemflow with their local names, families and their type of barks at peatland forest of Kubu 
Raya, West Kalimantan, Indonesia 
 
Species name Lokal name Family Bark type 
Actinodaphne sphaerocarpa (Bl.) Nees  Medang Asam  Lauraceae  Medium 
Blumeodendron takbrai (Blume) Kurz  Mengkajang  Anacardiaceae  Smooth 
Elaeocarpus griffithii A. Gray  Mempening  Elaeocarpaceae  Smooth 
Litsea gracilipes Hook.f.  Medang Lendir  Lauraceae  Medium 
Litsea resinosa Blume  Medang Perawas  Lauraceae  Medium 
Nephelium maingayi Hiern.  Rambutan Hutan  Sapindaceae  Smooth 
Palaquium ridleyi King & Gamble  Nyatoh Banir  Sapotaceae  Medium 
Pometia pinnata J.R. & G. Forst  Kasai  Sapindaceae  Smooth 
Shorea teijsmanniana Dyer ex Brandis  Meranti Batu  Dipterocarpaceae  Coarse 
Shorea uliginosa Foxw.  Meranti Bunga  Dipterocarpaceae  Coarse 
Stemonurus scorpioides Becc.  Mempasir Daun Lebar  Icacinaceae  Medium 
Syzygium lineatum (DC.) Merr.& L.M. Perry  Ubah Merah  Myrtaceae  Smooth 
Tetramerista glabra Miq.  Punak  Tetrameritaceae  Coarse 
 
 
 
Gross precipitation  

Precipitation monitoring used tipping bucket rain gauge 
(Rain Wise Inc.). Two buckets of monitors were placed in 
in open land <300m from forested peatland and connected 
to data logger (Cambell Scientific, Inc). The data loggers 
have been programmed to record data of rainwater input 
within 30 minutes intervals. We used mean data from 2 
bucket rain gauges. In addition, daily rainfall data have 
been obtained from Supadio Airport weather station (~5km 
from research area). These values were compiled and 
compared as gross precipitation of the area. 

Data analysis 
Throughout the measurement of stemflow and gross 

rainfall, data are presented as mean and standard error (SE) 
in 95 % CI. To test stemflow for differences bark types 
classes, One-way repeated measures ANOVA analysis and 
then Pairwise comparisons were estimated among them. To 
convert volume of stemflow into mm depth, Bo et al (1989) 
formula was applied. Stemflow S1= 1/2 ( (D1 + D2)/D1) + 
(B1 + B2)/B1) X Vc /A)), where : D1 is total number of trees 
in plots, D2 the number of uncollar trees, B1 is total basal 
area of all tree (m2 plot-1), B2 is basal area of uncollared 
trees, Vc is total volume of stemflow (L plot-1), and A is the 
plot size. 

RESULTS AND DISCUSSION 

Rainfall, carbon and nutrient inputs 
Monthly mean precipitation within the research area 

was 264.0±15.3 mm (n=68, Figure 2), lesser than the mean 
in climate station (267.7mm) in Pontianak (±5km from the 
research site). Based on monthly and annual precipitation, 
coupled with carbon content of rainfall (mean of 2,27 mg 
L-1), annual carbon inputs were estimated from its content 
in precipitation as 0.07 ± 0.003 Mg C ha-1 or ≈ 0.25 ± 0.01 
Mg CO2-e ha-1. Similar method was used in coupling N-
NO3 and S-SO4 concentration (mean 1.65mg/l and 
3.94mg/l). The mean annual input of N-NO3 and S-SO4 
were 0.05 ± 0.002 Mg ha-1 and 0.12 ± 0.005 Mg ha-1 
respectively. The amount of partial carbon input from 

precipitation was relatively small compared to carbon 
sequestration from ANPP which was 21.2 ± 1.0 Mg ha-1 y-1 
biomass or ~38.3 Mg CO2-e .ha-1 y-1 on this peatland 
landscape (Astiani 2014). 

Stemflow in peatland forests 
Gross precipitation is partitioned into intercept water on 

tree canopy and branches, throughfall and stemflow before 
reaching a forest floor. This partitioning means that water 
can reach the forest floor in two different ways. The first is 
diffuse input as throughfall and the second point source 
input as stemflow (Taniguchi et al. 1996). Our results 
indicate that there was a significant amount of water input 
through stemflow mechanism to peatland soil. In West 
Kalimantan (Indonesian Borneo), rainfed peatland 
ecosystems, little, if any, water inputs are generated from 
surface inflow while inflow and outflow of ground water 
occurs. Because of peat dome formations, inflow and 
outflow of ground water occurs and thus stagnate to ground 
water. Therefore, stemflow input to peatlands soil is 
important to maintain their water balance. 

Mean annual stemflow on each tree species sampled 
showed highly variation from 5.7 to 76.8 liter/tree (Figure 
2). To estimated annual stemflow per unit area, we coupled 
these samples to mean tree basal area per hectar of 2009-
2014 tree data, the stemflow within this peatland forests 
were 597.5 ±35.1mm, accounted to 18.8% of total water 
input from annual precipitation. This results were much 
higher compared to other previous results done in Lowland 
forest Selangor (Malaysia) which was only 2.5% (Ajinoor-
Azida and Minjiao 2015). This could be the case due to 
higher density of tree in this peatland forest.  

Among tree species, there were high variations on 
stemflow volumes on mean tree species measured. The 
variabilty of stemflow was also caused by different tree 
canopy charactersitics. Trees accumulate rainfall 
downward to soils via stemflow. When canopy structures 
are organized appropriately, stemflow can accomadate 
higher water flow through soils, transporting nutrients to 
biogeochemically active areas (Dezzeo and Chacon 2006). 
Carbon analisis in water (Dissolve Organic Carbon and 
Particulte Oorganic Carbon) resulted that mean carbon 
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content found in stemflow water was 4.95 mg L-1. This 
study found that carbon content in stemflow was 
significantly higher than it was in gross rainfall. 

Roles of tree species in stemflow 
Variability of tree species in contributing to stemflow is 

described in Figure 3. Further data analysis indicate that 
there were significant amount of stemflow among tree bark 
classes or bark structure significantly affects stemflow. The 
separation of tree bark texture among trees sampled 
showed that tree species with smoother bark textures 
significantly brought more water to forest floor compared 
to mid and rough bark textures (46% and 42.5% more than 
rough and intermediate consecutively, Figure 4).  

Trees in peatland forest acts as mediator on 
precipitation water transferred to soil. They alter water 

capture through : (i) tree and stand structure properties, 
e.g., leaf morphology foliage, branches, tree age, and 
density (Ahmad-Shah and Rieley 1989; Nadkarni and 
Sumera 2004; Levia and Frost 2006; Holder 2007); and (ii) 
landscape features e.g., topography, slope aspect, 
prevailing winds and landscape position (Dietz et al. 2006; 
Weathers 2006).  

Our results show that tree bark types were significantly 
different on stemflow quantities. Tree species demonstrated 
their variability in stemflow. Those results were supported 
by Herwitz and Levia (1997) that stemflow is highly 
correlated with crown projection, bark texture and tree 
architecture, and differences among and within species, and 
atmospheric polutants in urban environments (Levia and 
Frost 2002).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. A. Monthly gross presipitation and stemflow (mm) (2009-2014) on peatland forests area of Kubu Raya West Kalimantan, and 
B. the both variables were positively correlated 
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Figure 3. Mean annual stemflows distribution (in liter) among 
species within peatland forest 
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Figure 4. Mean Annual Stemflows among tree bark structures 
(smooth, intermediate, and rough), smooth tree bark was 
significantly flowing rain water higher than coarser barks 
(p>0.043) 
 
 

Our results was supported also by Van Stan et al. 
(2016) that bark structure significantly affects stemflow. 
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Generally, throughfall density increases while stemflow 
amount decreases as canopy surface area declines 
(Stogsdill et al. 1989; Ponette et al. 2009). Landscape 
features such as elevation, aspect, and edge also have a 
major role in water distribution (Weather 2006). Several 
studies on the effect of logging on rainfall partitioning 
yielded the following results. In a lowland mixed 
Dipterocarp forest in Central Kalimantan, Indonesia, the 
rainfall interception was 11% of precipitation in a nearby 
unlogged natural forest and 6% of precipitation in a logged 
forest (Asdak et al. 1998). In another lowland mixed 
Dipterocarp forest in northern Borneo, (Sabah, Malaysia), 
91% of precipitation reached the ground as throughfall in 
an unlogged natural forest, whereas 80% and 84% of 
throughfall were recorded in plots of moderately and highly 
damaged patches of forest (Chappell et al. 2001) indicating 
interception rates increase with disturbance intensity. Both 
studies from lowland mixed Dipterocarp forests highlight 
contrasting effects of logging on rainfall partitioning from 
only two empirical studies.  

Precipitation is a significant tool of nutrient movement 
from the forest canopy to soils. Our results show that 
dissolved organics carbon materials in precipitation are the 
principal input of plant nutrients to ombrothrophic peat. 
This result was supported by Moore et al. (2013) which 
most dissolved material reach soil thhrough this 
mechanisme. In forested peatlands, some bulk precipitation 
falling on tree canopies is intercepted while the reminder 
reaches the forest floor as throughfall and stemflow which 
carrying in nutrients and pollutants. Leaching of the 
foliage, branches and stems also transfer dry deposited 
material from canopy to soil surface. Dezzeo and Chacon 
(2006) also found significant inputs of nutrient in 
throughfall and stemflow compare to incident rainfall-with 
throughfall and stemflow amounts representing 71-77% 
and 2-8% of the annual incident rainfall, respectively. In 
addition, Dezzeo and Chacon (2006) declared that, except 
in throughfall, decreasing tree density leveled off the 
nutrient inputs in stemflow. 

This study results show the important roles of stemflow 
mechanisme as a partial water that reach peatland forest 
soil and significant contribution on nutrient input.. It was 
also interesting finding that each tree species with their 
bark characteristics has their variation on the role of water 
and nutrient. The existance of forest on peatland and their 
contribution on inducing water and nutrient input to 
tropical peatland forest imply that it is necessary to 
maintain peatland forest ecosystem for inducing water and 
nutrient input. 
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Abstract. Kothandaraman S, Sundarapandian S. 2017. Structure of plant community in tropical deciduous forests of Kanyakumari 
Wildlife Sanctuary, India. Biodiversitas 18: 391-400. Plant community structure of two tropical deciduous forest sites (I and II which 
are in different locations with different terrain characteristics viz., elevation and slope pattern) in Kanyakumari Wildlife Sanctuary, 
Western Ghats were assessed using standard phytosociological methods. Ten plots of 20 m x 20 m each were laid for woody species 
enumeration and 40 quadrats of 1 m x 1 m (4 in each plot) for understorey vegetation (herbs and plant species that are < 1 m in height) 
in each site. Overall, 76 plant species were recorded from 41 families, of which 23 contribute to understory. Site I (62) was twice as 
speciose as site II (31). Greater diversity index of adult woody vegetation was observed in site I (2.30) than site II (2.01). The woody 
individuals (diameter at breast height, DBH ≥ 10 cm) were more abundant in site I (518 individuals ha-1) than site II (448 individuals ha-

1). The basal area of adult trees in sites I and II are 34.7 m2 ha-1 and 30.8 m2 ha-1 respectively. Euphorbiaceae was the most speciose 
family in both the sites. Twenty-five families in site I and seventeen families in site II were represented by singletons. Diameter class-
wise distribution of adult trees showed a typical ‘reverse J-shaped’ curve indicating good regeneration status. Concerning understory, 
site I (19 species) has a greater diversity than site II (six species). The observed differences in the vegetation patterns between the two 
deciduous forest sites are possibly due to variations in elevation, terrain features and edaphic characteristics. 

Keywords: Phytodiversity, species richness, tropical forests, Western Ghats 

INTRODUCTION 

India has a vast expanse of forest cover (329 mha) and 
houses a total of 47,513 plant species (Singh and Dash 
2014), that represents 11.4% of the world flora (Arisdason 
and Lakshminarasimhan 2016). Studying forest stand 
structure is very important to understand forest ecosystems 
(Ozcelik 2009; Naidu and Kumar 2016). Plant community 
structure, species composition and ecosystem functions are 
the most important ecological characteristics of forest 
ecosystems that correspondingly respond to environmental 
and anthropogenic changes (Sundarapandian and Karoor 
2013). Krishnamurthy et al. (2010) and Thinh et al. (2015) 
reflect that floristic composition depicts the health of 
forests.  

Tropical ecosystems are usually perceived to be rich 
biodiversity reserves (Apguaua et al. 2015; Gandiwa et al. 
2016). About 54% and 37% of Indian tropical forests are 
classed as dry and moist deciduous forests respectively 
(Kaul and Sharma 1971; Krishnamurthy et al. 2010). As 
tropical trees are highly species-diverse, inventorying 
tropical forests are quite interesting (Condit et al. 1996, 
Pragasan and Parthasarathy 2009). Tree diversity differs 
from place to place in tropical forests due to dissimilarities 
in biogeography, habitat suitability, responses to climate 
change and anthropogenic pressures (Whitmore 1993; 
Sundarapandian and Karoor 2013). 

Worldwide, 90% of the tropical forests lie outside 
protected areas (WWF 2002). Tropical forests are highly 

threatened by anthropogenic activities, even within 
protected areas (Curran et al. 2004; Sahu et al. 2010; 
Majumdar and Datta 2015). In India, the annual rate of 
forest loss is reported to be about 3.5% (Puyravaud et al. 
2010). Large patches of tropical forests are being 
deforested every year leading to rapid loss of biodiversity 
(Panda et al. 2013) and accelerated species loss would 
eventually result in the collapse of some ecosystems 
(Kharkwal et al. 2005; Mutiso et al. 2015). Reddy et al. 
(2008) have observed that tropical deciduous forests are the 
most threatened ecosystems in India, due to economic 
exploitation. 

Deciduousness is an adaptive phenomenon in tropical 
forests that is due to the synergistic effect of drought, soil 
moisture and tree characteristics (Singh and Kushwaha 
2016). Tropical deciduous forests are characterized by 
mosaics of tree functional types that exhibit pronounced 
variation in terms of the duration of deciduousness and 
time of bud break of vegetative buds (Borchert et al. 2002; 
Singh and Kushwaha 2016). The vegetation structure and 
species composition of these forests differ with the duration 
of the wet season, the amount of rainfall, latitude, altitude 
and anthropogenic activities (Reddy et al. 2008).  

The Western Ghats, a biodiversity hotspot is endowed 
with characteristic complex patterns of vegetation structure 
and variation in species distribution (Pascal 1988; Giriraj et 
al. 2008). The southern Western Ghats has been reported to 
be the richest in terms of species composition and 
concentration of endemic taxa (Nayar 1996; Sarvalingam 
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and Rajendran 2016). Forests in the Western Ghats, 
although protected by Forest Conservation Act of 1980, are 
being subjected to natural calamities and human activities 
that lead to biodiversity loss, opening of canopies, 
invasion, etc. ultimately resulting in changes in forest 
structure and species composition (Bhat et al. 2011; 
Murthy et al. 2016). Studies on the forest structure of 
deciduous forests in Kanyakumari Wildlife Sanctuary are 
limited (Sundarapandian and Swamy 1997, 2000). The 
present study has been undertaken with the aim of studying 
the community structure of two tropical deciduous forest 
sites in two different elevations of Kanyakumari Wildlife 
Sanctuary that forms the tail-end of Western Ghats. 

MATERIALS AND METHODS 

Study area 
Kanyakumari Wildlife Sanctuary, Western Ghats, India 

is located between 77°10’-77°35’ E and 8°5’-8°35’ N. 
They form the southern part of Agastyamalai region and 
are flanked by Neyyar Wildlife Sanctuary of Kerala in the 
west and Kalakkad-Mundanthurai Tiger Reserve of Tamil 
Nadu in the east. The area gets an average annual rainfall 
of 137 cm and the average monthly maximum and 
minimum temperatures are 30 and 24°C. Forests of 
Kanyakumari Wildlife Sanctuary are rich in biodiversity 
with several microhabitats, due to its exposure to wide 

 

 
 
Figure 1. Map showing study area and two tropical deciduous forest sites in Kanyakumari Wildlife Sanctuary, Western Ghats, India  
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range of climatic conditions and its geographic location at 
the southernmost tip of the subcontinent. There are 14 
forest types in this sanctuary, based on Champion and 
Seth’s classification (1968). The rainfall varies from 50 to 
310 cm and elevation up to 1829 m asl across the different 
forest types (Tamil Nadu Forest Department 2016., 
http://forests.tn.nic.in/WildBiodiversity/ws_kws.html).  

Methods 
Two tropical deciduous forest sites (I and II) were 

selected that differ in their location as well as terrain 
characteristics (Figure 1). Site I is sloped while site II is 
flat. Site I is located at a higher elevation (530-630 m asl) 
than site II (317-360 m asl). Both the sites are left 
unperturbed in the last few years, although site I is more 
undisturbed as it is located far away from human 
settlements and it has restricted entry. Soil bulk density and 
total nitrogen content were significantly more in site II than 
site I. To study and compare the community structure of 
these two sites, twenty plots of 20 m x 20 m each were laid 
randomly, ten in each site. The enumerated individuals 
were classified into three categories: saplings (those with 
diameter at breast height, i.e., DBH < 3 cm), juveniles 
(those with DBH 3-<10 cm) and adults (≥ 10 cm DBH). To 
quantify understory, a total of forty quadrats (4 in each 
plot) of 1 m x 1 m were laid in each site. Density, basal 
area, frequency, importance value index (IVI), family index 
and diameter class-wise distribution were calculated for 
each site and compared. Diversity indices were computed 
using Past 3.1 program (version 3.1; Øyvind Hammer, 
Natural History Museum, University of Oslo). 

RESULTS AND DISCUSSION 

Results 
Species richness and diversity 

Species richness and diversity varied distinctly in 
different sets of populations (viz., saplings, juveniles, 
adults and understory) in both the sites (Table 1). Overall, 
76 species were recorded from 41 families, of which 28 
contribute to woody vegetation and 23 to understory. Site I 
(62) was twice as speciose as site II (31). Seventeen woody 
species were common to both the sites. Site I had high 
species richness in the case of both woody as well as 
understory vegetation. The understory of site II was 
monodominant with Themeda cymbaria. Greater diversity 
index of adult woody vegetation was observed in site I 
(2.30) than site II (2.01) while dominance index showed a 
reverse trend. However, site I had a lesser evenness index 
than site II in the case of juveniles and adults of woody 
vegetation as well as understory. Fisher's alpha was also 
greater in site I than site II. 

Family dominance 
Euphorbiaceae was the most speciose family in site I 

(nine species), while in site II, both Euphorbiaceae and 
Combretaceae share the dominance (five species each; 
Table 2). Twenty-five families in site I and seventeen 
families in site II were represented by singletons. However, 

in terms of abundance, Fabaceae, Poaceae and 
Zingiberaceae in site I and Poaceae, Rhamnaceae and 
Melastomataceae in site II were dominant. 

Density, stand basal area and IVI 
There was a great variation in density, basal area and 

IVI values between the two sites (Table 3) and on the 
whole, 1799 tree individuals were counted. The woody (≥ 
10 cm DBH) individuals were more abundant in site I (518 
individuals ha-1) than site II (448 individuals ha-1). With 
regards to understory, site II (401000 individuals ha-1) is 
greater than site I (280230 individuals ha-1), due to 
monodominance by T. cymbaria, a grass. The basal area of 
adult trees in sites I and II are 34.7 m2 ha-1 and 30.8 m2 ha-1 
respectively. The basal area was higher in site I (7.52 m2 
ha-1) than site II (4.20 m2 ha-1) for understory vegetation 
too. As for IVI, Pterocarpus marsupium, Ficus beddomei 
and Terminalia paniculata in site I and T. paniculata, 
Terminalia elliptica and Dillenia pentagyna in site II were 
the dominants in adult population. 

Population structure 
The population structure of saplings and juveniles are 

presented in Table 4. Aporosa cardiosperma, Chionanthus 
ramiflorus and Croton malabaricus in site I and A. 
cardiosperma, Helicteres isora and T. paniculata in site II 
contributed to the highest numbers among the sapling 
population. Similarly, among juveniles, A. cardiosperma, 
C. malabaricus and C. ramiflorus in site I and T. 
paniculata, A. cardiosperma and H. isora in site II were 
represented by most number of individuals. P. marsupium, 
F. beddomei cum T. paniculata and T. paniculata, D. 
pentagyna cum T. elliptica dominated the adult population 
in sites I and II respectively. Seven species in site I and six 
species in site II were represented by only a single 
individual. Overall, fifteen species in site I and eight 
species in site II were represented in all the three stages of 
population viz., saplings, juveniles and adults. Twelve 
species in site I and six species in site II were represented 
as only saplings and juveniles. Four species in site I are 
represented as juveniles and adults. Aporosa indo-
acuminata is the only species that occurs in both sapling 
and adult stages in site II. Four species in site I and eight 
species in site II occur as only saplings. Five species in site 
I occur as only juveniles. Four species in site I (Ficus 
benghalensis, Gossypium hirsutum, Grewia tiliifolia and 
Melia dubia) and two species in site II (Briedelia retusa 
and Terminalia bellirica) were present only in adult form. 

Size class distribution 
Diameter class-wise distribution of adult trees in both 

the sites showed a typical ‘reverse J-shaped’ curve. Both 
the density and species richness decreased with increase in 
diameter class (Figure 2). Low diameter class individuals 
(viz., 10-20 cm DBH) displayed the highest level of species 
richness – 90.9% in site I and 91.7% in site II. Around 
73.4% and 68.6% of individuals belong to low diameter 
class (10-30 cm DBH), of which 45.4 and 38.5% come 
under 10-20 cm size class. Only about 5-8% of the 
individuals belonged to the high diameter classes (≥50.1   
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Table 1. Consolidated details of phytosociological analyses of 
two tropical deciduous forest sites in Kanyakumari Wildlife 
Sanctuary, Western Ghats, India 
 

Parameter Site I Site II 

No. of species (No. 4000 m-2) 
Tree saplings 31 23 
Tree juveniles 36 14 
Tree adults 22 12 
Understory 19 6 
Total no. of species 62 31 
Density (No. ha-1) 
Tree saplings 1420 948 
Tree juveniles 910 253 
Tree adults 518 448 
Understory 280230 401000 
Basal area (m2ha-1)   
Tree saplings 0.41 0.19 
Tree juveniles 2.35 0.79 
Tree adults 34.76 30.83 
Understory 7.52 4.20 
Species diversity index    
Tree saplings 2.59 2.21 
Tree juveniles 2.66 2.15 
Tree adults 2.30 2.01 
Understory 1.49 0.10 
Dominance index    
Tree saplings 0.13 0.19 
Tree juveniles 0.13 0.16 
Tree adults 0.15 0.16 
Understory 0.32 0.97 
Evenness index   
Tree saplings 0.43 0.40 
Tree juveniles 0.40 0.61 
Tree adults 0.45 0.62 
Understory 0.23 0.18 
Fisher's alpha   
Tree saplings 7.04 5.39 
Tree juveniles 9.92 4.41 
Tree adults 6.23 2.90 
Understory 1.71 0.47 
 
 
 

Table 2. Family-wise contribution of genera (G), species (S) and 
abundance (A; No. 4000 m-2) in two tropical deciduous forest 
sites in Kanyakumari Wildlife Sanctuary, Western Ghats, India 
 

Family Site I Site II 
G S A G S A 

Acanthaceae 1 1 2600 0 0 0 
Anacardiaceae 1 1 9 2 2 27 
Annonaceae 0 0 0 1 1 9 
Apocynaceae 1 1 35 1 1 300 
Araceae 1 1 1900 0 0 0 
Arecaceae 1 1 600 0 0 0 
Aristolochiaceae 1 1 400 0 0 0 
Bignoniaceae 1 1 1 0 0 0 
Celastraceae 1 1 52 0 0 0 
Clusiaceae 1 1 12 0 0 0 
Combretaceae 1 3 62 2 5 261 
Dilleniaceae 0 0 0 1 1 50 
Dipterocarpaceae 1 1 62 0 0 0 
Ebenaceae 1 3 67 0 0 0 
Elaeocarpaceae 1 1 6 0 0 0 
Euphorbiaceae 7 9 444 4 5 227 
Fabaceae 4 4 47075 1 1 15 
Icacinaceae 2 2 28 1 1 10 
Lauraceae 1 1 4 0 0 0 
Lecythidaceae 1 1 19 1 1 47 
Liliaceae 1 1 2400 0 0 0 
Lythraceae 0 0 0 1 1 12 
Malvaceae 0 0 0 1 1 11 
Melastomataceae 0 0 0 1 1 700 
Meliaceae 2 2 3 1 1 1 
Moraceae 1 3 72 1 1 2 
Myrsinaceae 1 1 13 1 1 6 
Myrtaceae 1 1 1 0 0 0 
Oleaceae 2 2 101 0 0 0 
Piperaceae 1 1 2100 0 0 0 
Poaceae 1 1 40400 1 1 158000 
Rhamnaceae 1 1 1 1 1 1100 
Rubiaceae 4 4 2886 1 1 17 
Sapindaceae 2 2 8 0 0 0 
Sapotaceae 1 1 8 0 0 0 
Selaginellaceae 1 1 800 0 0 0 
Sterculiaceae 1 1 1 2 2 63 
Tiliaceae 1 1 1 0 0 0 
Verbenaceae 1 1 58 1 1 1 
Viscaceae 1 1 2 1 1 200 
Zingiberaceae 3 3 11000 0 0 0 
 
 
 

cm DBH). The diameter class distribution of dominant 
species in sites I and II are presented in Figure 3. 
Interestingly, it has been observed that although the curve 
depicting the diameter class-wise distribution of all adult 
trees is reverse J-shaped, only a few dominant species viz., 
A. cardiosperma and C. malabaricus in site I and T. 
paniculata in site II exhibited this trend. 

Discussion 
The two deciduous forest sites in the Western Ghats of 

Kanyakumari Wildlife Sanctuary showed a remarkable 
variation in their vegetation structure and species 
composition. In the present study, a total of 76 plant 
species were recorded, of which 28 contribute to woody 

vegetation. The species diversity reported in the present 
study is comparable with the study of Varghese and 
Balasubramanyan (1999) from a wet evergreen forest of 
Agastyamalai region in Kerala, Myo et al. (2016) from a 
mixed deciduous and deciduous dipterocarp forests in 
Madan watershed, Myanmar and Surpam et al. (2016) from 
woodland of Seminary Hills in Nagpur. However, the 
values obtained here were lower than the studies reported 
by Giriraj et al. (2008) from wet evergreen forests of 
Kalakkad-Mundanthurai Tiger Reserve, Sahoo and Davidar 
(2013) from dry deciduous forests dominated by sal in 
Similipal Tiger Reserve in Odisha, Gandhi and 
Sundarapandian (2014) from dry deciduous forests of 
Tiruvannamalai in Tamil Nadu, Mutiso et al. (2015) from   
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Table 3. Abundance, basal area and IVI of adult woody species in two tropical deciduous forest sites in Kanyakumari Wildlife 
Sanctuary, Western Ghats, India 
 

Species 
Abundance 

(No. 4000 m-2) 
Basal Area 

(m2 4000 m-2) IVI 

Site I Site II Site I Site II Site I Site II 
Aporosa cardiosperma (Gaertn.) Merr. 17 0 0.33 0 21.69 0 
Aporosa indo-acuminata Chakrab. & N.P. Balakr. 0 1 0 0.02 0 2.33 
Briedelia retusa (L.) A. Juss. 2 1 0.06 0.01 2.77 2.28 
Buchanania lanzan Spreng. 0 15 0 0.55 0 24.11 
Calophyllum inophyllum L. 8 0 0.32 0 13.12 0 
Careya arborea Roxb. 4 17 0.23 0.77 6.35 25.43 
Cassine glauca (Rottb.) Kuntze 1 0 0.07 0 2.37 0 
Chionanthus ramiflorus Roxb. 1 0 0.01 0 1.94 0 
Croton malabaricus Bedd. 2 0 0.03 0 3.97 0 
Dillenia pentagyna Roxb. 0 32 0 1.36 0 45.02 
Ficus beddomei King 43 0 3.77 0 60.37 0 
Ficus benghalensis L. 4 0 0.22 0 7.67 0 
Ficus hispida L. f. 2 0 0.10 0 4.45 0 
Grewia tiliifolia Vahl L. 1 0 0.01 0 1.95 0 
Hopea parviflora Bedd. 17 0 0.69 0 18.71 0 
Isonandra perrottetiana A. DC 3 0 0.45 0 6.09 0 
Lepisanthes tetraphylla (Vahl) Radlk. 1 0 0.04 0 2.14 0 
Melia dubia Cav. 1 0 0.01 0 1.97 0 
Monoon fragrans (Dalz.) B. Xue & R. M. K. Saunders 0 1 0 0.04 0 2.46 
Phyllanthus emblica L. 9 15 0.43 0.40 13.00 21.27 
Pterocarpus marsupium Roxb. 57 10 5.29 1.67 79.46 25.61 
Tabernaemontana gamblei Subram. & Henry 1 0 0.08 0 2.41 0 
Tamarindus indica L. 2 0 0.03 0 3.97 0 
Terminalia bellirica (Gaertn.) Roxb. 0 1 0 0.01 0 2.29 
Terminalia chebula Retz. 2 8 0.03 0.33 3.95 15.22 
Terminalia elliptica Willd. 0 29 0 3.47 0 60.45 
Terminalia paniculata Roth 22 49 1.56 3.70 34.34 73.54 
Vitex altissima L.f. 7 0 0.16 0 7.31 0 
 
 
 
 

 
 
 
Figure 2. Diameter class-wise distribution of adult trees in two 
tropical deciduous forest sites in Kanyakumari Wildlife 
Sanctuary, Western Ghats, India 
 
 
Mau forests in Kenya and Gandiwa et al. (2016) from 
semi-arid Mapungubwe Cultural Landscape in South 
Africa, while these were higher than the reports of 
Karthikeyan and Dhamotharan (2015) from a tropical dry 
deciduous forest in a sacred grove of Dharmapuri in Tamil 

Nadu, Pradhan and Rahaman (2015) from three tropical dry 
deciduous forests in West Bengal and Carrión-Paladines 
and García-Ruiz (2016) from a dry deciduous forest in  
southern Ecuador. Variation in composition of tree species 
and the proportion of dominant species could be directly 
related to elevation and rainfall distribution (Reddy et al. 
2008; Mohandass et al. 2016). In this study, site I is located 
in an elevation (530-630 m asl) that is higher than that of 
site II (317-360 m asl), which could be one of the causes 
for variation in species diversity. Although both the sites 
have been left  undisturbed in the last few years, site I has 
more restricted access than site II and is located far away 
from human settlements. Based on enquiry with the 
localites, it was known that site II was subjected to 
recurrence of annual surface fires before declaration as a 
wildlife sanctuary (2008). 

The species diversity index values for adult woody 
vegetation noted in the present study are 2.30 (site I) and 
2.01 (site II). These indices are well within the range as 
reported by Joglekar et al. (2015); close to the reports of 
Swamy et al. (2000), Sundarapandian and Karoor (2013); 
but lower than the values observed by Reddy et al. (2008), 
Mohandass et al. (2016) and Murthy et al. (2016). As 
regards to understory, site II had a greater dominance index 
than site I due to the monodominance of T. cymbaria, 
which also reasons for its lesser evenness index.  
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Table 4. Population structure of saplings and juveniles in two tropical deciduous forest sites in Kanyakumari Wildlife Sanctuary, 
Western Ghats, India 
 

Species 
Saplings 

(No. 4000 m-2) 
Juveniles 

(No. 4000 m-2) 
Site I Site II Site I Site II 

Agrostisachys borneensis Becc. 10 0 3 0 
Antidesma ghaesembilla Gaertn. 0 1 0 0 
Aporosa cardiosperma (Gaertn.) Merr. 160 146 114 25 
Aporosa indo-acuminata Chakrab. & N.P. Balakr. 0 27 0 0 
Ardisia solanacea Roxb. 0 6 0 0 
Briedelia retusa (L.) A. Juss. 0 0 2 0 
Buchanania lanzan Spreng. 2 1 7 6 
Calophyllum inophyllum L. 2 0 2 0 
Careya arborea Roxb. 8 24 7 6 
Cassine glauca (Rottb.) Kuntze 39 0 12 0 
Chionanthus ramiflorus Roxb. 73 0 23 0 
Cinnamomum malabathrum Miq. 4 0 0 0 
Cipadessa baccifera (Roth) Miq. 0 1 2 0 
Croton malabaricus Bedd. 59 0 48 0 
Dalbergia latifolia Roxb. 2 0 4 0 
Dillenia pentagyna Roxb. 0 13 0 5 
Dimocarpus longan Lour. 5 0 0 0 
Diospyros affinis Thw. 20 0 18 0 
Diospyros melanoxylon Roxb. 26 0 1 0 
Diospyros paniculata Dalz. 1 0 1 0 
Elaeocarpus variabilis Zmarzty 3 0 3 0 
Ficus beddomei King 9 2 5 0 
Ficus hispida L. f. 3 0 6 0 
Gossypium hirsutum L. 0 9 0 2 
Helicteres isora L. 1 52 0 10 
Hopea parviflora Bedd. 28 0 17 0 
Isonandra perrottetiana A. DC 1 0 4 0 
Lagerstroemia microcarpa Wight 0 12 0 0 
Lepisanthes tetraphylla (Vahl) Radlk. 0 0 2 0 
Maesa indica (Roxb.) DC 6 0 7 0 
Mallotus aureo-punctatus (Dalz.) Müll.Arg. 5 0 1 0 
Mallotus ferrugineus (Roxb.) Müll.Arg. 2 0 0 0 
Mangifera indica L. 0 5 0 0 
Monoon fragrans (Dalz.) B. Xue & R. M. K. Saunders 0 5 0 3 
Nothapodytes nimmoniana (Graham) Mabb. 3 9 3 1 
Olea dioica Roxb. 3 0 1 0 
Pavetta indica L. 0 16 5 1 
Phyllanthus emblica L. 0 2 2 9 
Pterocarpus marsupium Roxb. 3 2 6 3 
Stemonurus tetrandrus (Wall. ex Roxb.) Alston  17 0 5 0 
Sterculia villosa Roxb. 0 1 0 0 
Stereospermum chelonoides (L.f.) DC. 0 0 1 0 
Syzygium cumini (L.) Skeels 0 0 1 0 
Tabernaemontana gamblei Subram. & Henry 23 0 11 0 
Tamarindus indica L. 0 0 1 0 
Terminalia bellirica (Gaertn.) Roxb. 0 0 1 0 
Terminalia chebula Retz. 4 5 1 1 
Terminalia elliptica Willd. 0 5 0 3 
Terminalia paniculata Roth 16 34 16 26 
Vitex altissima L.f. 30 1 21 0 
 
 
 
 

Tropical forests usually possess several tree species. 
However, forests that are dominated by one or only a few 
species are also prevalent on all tropical continents in 
different environments (Richards 1996; Peh et al. 2011). 
Site I had a higher stand density than site II in the case of 

adult woody vegetation (site I - 518 individuals ha-1, site II 
- 448 individuals ha-1), but site II was greater than site I   
(site I - 280230 individuals ha-1, site II - 401000 individuals 
ha-1) in the case of understory. The latter is so, because T. 
cymbaria, a grass species dominated the understory of site   
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Figure 3. Diameter class-wise distribution of dominant species in two tropical deciduous forest sites in Kanyakumari Wildlife 
Sanctuary, Western Ghats, India 
 
 
 
II. With regards to basal area, which is often perceived as 
an indicator of growing stock and biomass production 
(Murthy et al. 2016), site I had greater values than site II in 
both woody vegetation as well as understory, although site 
II had a higher density than site I in the understory. This is 

so because, site I is comprised of diverse understory with 
sprouts of woody species’ saplings and juveniles as well, 
while site II is just monodominant with the grass T. 
cymbaria, with a very rare occurrence of other species.  
Concerning woody vegetation, trees in site I are closely 
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distributed, while those in site II are sparsely distributed. 
The values of the basal area of adult woody vegetation 
recorded in the present study are higher than the values 
obtained for low elevation forest, but lower than the values 
of mid-elevation forest and high elevation forest, in 
pertinence to the study conducted in the tropical forests of 
Kanyakumari by Swamy et al. (2000). The values of the 
basal area are also higher than those observed by Gandhi 
and Sundarapandian (2014) and Gupta and Kumar (2014).  
The values were comparable with other reports 
(Sundarapandian and Karoor 2013; Murthy et al. 2016), but 
lower than the values recorded by Davidar et al. (2007), 
Bharathi and Prasad (2015) and Mohandass et al. (2016). P. 
marsupium and F. beddomei in site I, T. paniculata and T. 
elliptica in site II were the highest contributors to basal 
area. 

The composition, distribution and density of saplings 
and juveniles depict the future structure of the forest (Myo 
et al. 2016). Khan et al. (1986) stated that the response of 
the tree saplings or sprouts to the prevailing 
microenvironment largely determines the density of trees in 
a forest. A population structure comprising of an ample 
number of saplings, juveniles and young trees indicates 
satisfactory regeneration behavior, while an insufficient 
number of saplings and juveniles denotes poor regeneration 
(Saxena and Singh 1985; Bharathi and Prasad 2015). An 
abundant population of saplings and juveniles as observed 
in the present study highlights the regeneration status of 
different species (Swamy et al. 2000) in these sites. A. 
cardiosperma contributed largely to both sapling and 
juvenile populations of sites I and II. The other notable 
contributors are C. ramiflorus and C. malabaricus in site I 
and T. paniculata and H. isora in site II. In the case of 
adults, P. marsupium and F. beddomei in site I and T. 
paniculata and D. pentagyna were the most predominant 
species. Some species are represented in all three stages of 
development, but many others are characterized by only 
one or two stages. This kind of species-level variation in 
population structure could be due to the differential 
preference of species in site quality, microclimate, levels of 
seed predation, pathogenic attack on seeds, topography and 
forest stature (Sundarapandian and Karoor 2013). 
According to Khumbongmayum et al. (2005), differences 
in the light intensity, nutrient supply, understory 
community and microenvironmental conditions in the gaps 
greatly influence the differential growth behavior of 
saplings of different tree species.  

Euphorbiaceae and Combretaceae have been observed 
to be top-most contributors to species diversity. 
Nevertheless, in the case of abundance, Fabaceae and 
Poaceae are the predominant families. Similar results 
listing the abovesaid families as dominant families were 
reported by Swamy et al. (2000), Panda et al. (2013), 
Sundarapandian and Karoor (2013) and Naidu and Kumar 
(2016). 

Very often the health of a forest is judged by plotting 
the size class distribution of individuals (Bhat et al. 2011) 
as it indicates the regenerative capacity of the forest 
(Murthy et al. 2016). Regeneration is a vital process for the 
existence of species in the community (Khumbongmayum 

et al. 2005). The presence of more small-sized trees than 
large-sized ones is perceived as an indicator of a 
regenerating forest (Bhat et al. 2011). The present study 
showed a decline in species richness and density with 
increasing diameter class, indicating a characteristic 
‘reverse J-shaped’ curve, which in turn indicates a good 
regeneration status. Similar results were obtained by 
Ganesh et al. (1996), Varghese and Balasubramanyan 
(1999), Bhat et al. (2011), Joglekar et al. (2015) and 
Mohandass et al. (2016). Swamy et al. (2010) stated that 
many tropical forests have a great intrinsic potential of self-
maintenance though, in recent years, many of them are 
losing this ability due to lots of biotic interferences like 
anthropogenic activities. Chauhan et al. (2010) opined that 
species composition in a forest depends on the regeneration 
of species composing the forest in space and time. 

As stated by Muhammad et al. (2016), site ecological 
factors greatly influence diversity, density and distribution. 
Tropical forest structure and composition are noted to be 
influenced by elevation (Vazquez and Givnish 1998; Wiafe 
2014), topography (Mendez-Toribio et al. 2016; Zhang et 
al. 2016) as well as soil characteristics (Katabuchi et al. 
2012; Toledo et al. 2012). Therefore, the observed 
differences in the vegetation patterns in the two deciduous 
forest sites may be possibly due to variations in elevation, 
terrain and edaphic characteristics. According to Reddy et 
al. (2008), moist deciduous forest epitomizes a transitional 
stage from dry deciduous to semi-evergreen vegetation and 
Thomas and Baltzer (2002) also stated that the transformed 
semi-evergreen forests usually have clumping of both 
deciduous and evergreen species. In the present study, site I 
has comparatively many saplings and juveniles of 
evergreen species than deciduous species, which is a good 
sign indicating a transition from deciduous forest to semi-
evergreen forest as stated by Thomas and Baltzer (2002). 
However, regeneration of tree species in a sapling stage is 
generally low in site II, which could be due to occasional 
surface fires. Sundarapandian and Swamy (2000) observed 
that the recurrence of annual fires affects the regeneration 
directly through burning of seeds, seedlings and saplings 
and indirectly alters the edaphic characteristics. Moreover, 
the understory in site II is dominated by a single grass 
species (Themeda cymbaria), which suppresses the growth 
of saplings. Keel and Prance (1979) stated that the 
dominance increases as a function of stress, while Jacobs 
(1987) explained that in tropical forests, dominance by 
single species often indicates past damage. Since 
understorey vegetation in site II is dominated by a single 
species, it could be inferred that this site may be subjected 
to anthropogenic pressures in the recent past. From the 
observed results, it could be concluded that both the 
deciduous forest sites display unique vegetation patterns, 
signifying that while one is transitional, the other is 
apparently unchanging. 
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Abstract. Muliadi M, Lahjie AM, Simarangkir B.D.A.S., Ruslim Y. 2017. Bioeconomic and enviromental valuation of dipterocarp estate
forest based on local wisdom in Kutai Kartanegara, Indonesia. Biodiversitas 18: 401-408. Research was conducted in the dipterocarp
estate forest in Kutai Kartanegara District, East Kalimantan Province, Indonesia and aimed (i) to find out the potentials of logs; (ii) to
find out the correlation among variables based on bioeconomic and environmental analysis; (iii) to analyze the value of bioeconomic
and environmental equilibrium; (iv) to find out the price of logs based on local wisdom. Findings showed that bioeconomic analysis
based on local wisdom in dipterocarp plantation forest at different estating distance had different potential and increment, while the
same maximum increment was found at 40 years and their equilibrium was found at 30 years. Other local wisdom also showed there
was a strong relationship between bioeconomic and environmental variables. Diameter influenced the price of logs and local wisdom
suggested higher than the market prices at the diameter of 35 cm at $ 230.50 USD, while the price of log in the market was actually
$145 USD. Thus the unpaid environmental services amounted to $ 85.5 USD m-3. Therefore the government should change the amount
of the current levy. If there is no change, the government will not be able to finance the restoration of estate forest and natural forest and
have further impacts on climate change.

Keywords: Bioeconomic and environmental valuation, dipterocarp estate forest, local wisdom

INTRODUCTION

Developing estate forests not only need good civil-
cultural engineering but also need cost calculation and a
more exact analysis for restoring forest. Costs for
development are required for the initial process of land
preparation until harvest time (Florian 2014). However, not
all people understand modern economic calculations. In
East Kalimantan Province, Indonesia, most of local
community (Dayak Tunjung Tribe, Dayak Benuaq Tribe,
and Kutai Tribe) have local wisdom in assessing forest
bioeconomic and environmental valuation by calculating
the centimeters of the trunk circumference as the basic
consideration for current forest management. The use of
timber products will only increase so the development of
more effective ways for reduced harvesting system are
paramount to continued protection of diversity in tropical
forestry in (Ruslim et al. 2016).Trees provide important
products such as fire wood, building construction and
medicine (Martins et al. 2014).

The history of economic and environmental valuation of
one forest area began by measuring the circumference of a
tree trunk using a piece of long string. The string was then
split into two pieces and the lengths of the string were
measured by using the fist of the customary chief as a unit
of length. The valuation techniques local indigenous
communities can participate in sustainable forest
management (Kovacs et al. 2014)). The number of fists
was used to determine the value of economic and
environmental valuation of one area of trees. Every tree
had different value according to its type. Around the 10th

century, the value of economic valuation was equal to the
valuable goods possessed by the community, such as
antique jars, antique plates, Gongs, Mandau and other
equipment. The fist can be measured by centimeter. One
fist can be equal with 10 cm. Furthermore, local wisdom is
the value existing in one community, which are believed to
be true and become the reference for the local community
in taking an everyday action (Sumarniasih 2015). The local
wisdom is an entity which really determines the dignity of
human beings within their community. This means that
local wisdom which contains the elements of intelligence,
creativity, and local knowledge given by the elites and their
community, becomes the determinant in the development
of community civilization (Lokers et al. 2016). The concept
of local knowledge and traditional wisdom are based on the
knowledge value an a set of values applied in traditional
societies (Fahrianoor et al. 2013; Rahu et al. 2014; Ratana-
Ubhol and Henschke 2015). The local wisdom can be
defined as a set of knowledge, values and norms of a
particular form of adaptation and life experiences of social
groups who live in a particular location. Local traditional
wisdom in accordance with its origin is one of the cultural
heritage in society and orally by the communities
concerned. Local knowledge includes knowledge, whether
it is derived from the previous generation as well as the
variety of experiences in the present (Tamalene et al.
2014). A local community is a kind of civil society that
plays an important role in conserving, reviving, and
managing the use of natural resources and the surrounding
environment within the community (Muizniecea et al.
2015).
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Soedigdo et al. (2014) stated that a set of knowledge
obtained by human beings is the result of a learning process
of what they see, touch, taste in their environment, which is
then actualized in the form of behaviors and is passed on
from generation to generation. Wisdom values in managing
the natural resources is very important because empirically,
one of the most alarming crisis phenomena is a condition
when the natural resources are exploited unwisely
(Chaiphar et al. 2013). Gradually, the natural resources will
be devastated and extinct. All of these are the accumulation
of the local community participations. Local community
participation will only be realized if the community
members have the ability to participate and knowledge
about what they are going do, and how they are going to do
it. There should also be appropriate incentives in order to
motivate them to participate and available institutions
which support and maintain their activities.

In the process of its development from century to
century, biological process has been able to change the
community paradigm and community participation to be
bioeconomic science (Henry and Roche 2013). According
to Soedigdo et al. (2014) stated that bioeconomics is a
change of paradigm in environmental economic
development and it is a discipline like natural resource
economics, environmental economics and ecological
economics. Furthermore, according to (Belhoutchette et al.
2011; Sundar 2012), bioeconomics is a science which is
derived from biological and economic synthesis. This is an
effort to bridge the concept of holonism and inter-
disciplinary methodology. The additional production cost

as the effect of one unit of pollutant is always increasing
because, the environment is only able to assimilate the
waste in a small quantity. If a large amount of waste is
disposed into the environment, then the environment will
find it difficult to assimilate it. The marginal cost for
environmental management usually increases following the
controlled production volume (Tikkannen et al. 2012)

Marginal environmental cost curve, which is increasing
following the increasing number of production and
marginal production cost curve, which is decreasing. The
movement from the right side to the left side indicates that
the efforts that have been made to control/manage the
environment are increasing so that the pollution is
decreasing. The marginal production cost curve bends
down from the top left to the bottom right. The marginal
cost curve increases following the increase of the coal
production volume, rising up from the bottom left to the
top right.

MATERIALS AND METHODS

This study was undertaken in natural forest plantation of
logged-over forest area of Kutai Timber Indonesia
company at Sebulu sub-district in Kutai Kartanegara
District, East Kalimantan Province, Indonesia from January
2013 to January 2014. The size of rehabilitation area was
around 3,000 ha. The study sites were located at 014’
22.27” S-11658’ 22.38” E (Figure 1).

Figure 1. Location studies of Sebulu (■) Kutai Kartanegara district of East Kalimantan, Indonesia

■
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The variables that had been measured as scientific data
and had been analyzed based on the scientific principles
were then analyzed as follows: The circumference of the
tree trunkwas measured using a measuring tape and the
height of the tree was measured by using clinometers.
Analyzed the simulation of increment, basal area, and the
potential of stands. We studied the data of local wisdom by
analyzing the bio economy of the increment based on the
price of logs (biomass of logs) and the price of
environment through the correlation of one variable with
another using exponential, power and linear regression,
followed by using the determination coefficient (R2),
including the correlation between (i) the volume and the
price of logs m-3; (ii) the circumference of trunk and the
volume of each tree; (iii) the volume and the price of logs
m-3.

The biomass values of logs and environment was
determined based on the local wisdom with the indicators
of the development of current gold price. The main
indicator for the dipterocarpa (Shorea leprosula) group is
that its circumference is 200 cm with the price of
Rp.25,000 centimeter or equal to the price of 0.05 gram of
gold, whose current price was Rp.500,000g-1. We
calculated the mean anual increment and current annual
increment using the Van Gardingen et al. (2003) formula:

MAI =

MAI = Mean annual increment
Vt = Total Volume in ages to-t (m3)
t = Ages (years)

CAI =

CAI = Current annual increment
Vt = Total volume  in ages to-t (m3)
Vt-1 = Previous total volume (m3)
T = Second age to-t, minus the first age (in year)

RESULTS AND DISCUSSION

The development of industrial estate forests with Shorea
leprosula type (at aestateing distance of 2 m x 2 m)

The resulting measurement showed that the maximum
production of Shorea leprosula at spacing of 2 m x 2 m
was reached at the age of 40 years determined by forest
bioeconomic analysis of calculating the price of logs. At
the age of 40 years, the maximum total volume was 344.22
m3 ha-1; stand circumference was 79.8 cm; the average tree
diameter (d) was 25.4 cm and the clear bore height (h)
reached 11.8 m. Furthermore, the potential log production
of Shorea leprosula based on its cycle (Table 1).

The maximum production of Shorea leprosula at
aestating distance of 2 m x 2 m was reached at the age of
40 years (Table 1). The maximum mean annual increment
(MAI) was 8.61 m3 ha-1 yr-1 and the current annual
increment (CAI) achieved 8.67 m3 ha-1 yr-1. The price of

logs per centimeter based on the bioeconomic analysis of
forest at the age of 40 was different. The older the tree, the
more expensive the price of the tree per centimeter would
be, as is the price of logs per tree. At the age of 3 years, the
price of log per centimeter was Rp 2,250, while the price of
log per m3was Rp 15,863,811. This price had never been
found in the market, but in the investment world, this price
could be reasonably accepted. At the age of 40 years, with
the tree circumference of 79.8 cm, the price of log per
centimeter was Rp. 11,750 and the price of log per m3 was
Rp. 2,451,374, excluding the value of environmental
service. This was in line with the calculation simulation of
the price of logs based on hand grip index. However, the
price of logs in the market ranged between Rp. 1,700,000-
Rp. 1,900,000 including the environment service. This
means that the market price was not able to restore the
condition of the forest. This was also worsened by the
small fee contribution per cubic meter from the
government, such as USD 60.8 (IDR 730,000) for PSDH;
USD 31.3 (IDR 367,000) for Compensation for Stand
Value based on the Regulation of Ministry of Forestry,
Republic of Indonesia and USD 14 (IDR 168,000) for
forestation fund and this was allocated only for natural
forest. Mönkkönen et al. (2014) demonstrate the benefits of
economic and ecologycal terms from the landscape level
planning of forest management.

The simulation of log production in the industrial estate
forest with dipterocarp type species can be displayed on
Table 1. Based on Figure 2 it can be explained that the
intersection point of maximum increment and maximum
total volume of Shorea leprosula estateed at a estateing
distance of 2 m x 2 m based on bioeconomic analysis with
the price of logs meets at the age of 40 years with the total
volume of 344.22 m3 ha-1 and with the MAI value of 8.61
m3 ha-1yr-1 and CAI value of 8.67 m3 ha-1 yr-1.

To meet the scientific principles of local wisdom on
bioeconomic and environmental valuation.The data from
Table 1 were further analyzed by using power regression
and the results showed the high value of regression
coefficient of determination which showed a high level of
precision between trunk circumference and volume per
tree; circumference and log price (Dingga 2014). The high
value of R2 means that the variables had a strong
correlation (Arezoo et al. 2014). Graphically the correlation
among the variables can be seen in Figure 3.

Figure 2. Curve MAI and CAI of Shorea leprosula at aestateing
distance of 2 m x 2 m at the age of 40 years with the price of logs
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Table 1. Simulation of log production of Shorea leprosula at aestating distance of 2 m x 2 m based on forest bioeconomic valuation
with the price of logs

Age (year) n Circumference
(cm) d H TV MAI CAI K Price cm-1

(Rp)
Price of log m-3

(Rp)
3 2200 9.4 3.0 2.2 2.94 0.98 2,250 15,863,811
7 2000 16.6 5.3 3.3 12.08 1.73 2.28 3,000 8,270,290
10 1800 22.6 7.2 4.4 24.82 2.48 4.25 4,000 6,562,231
15 1550 33.0 10.5 6.3 63.38 4.23 7.71 5,750 4,638,143
20 1400 43.0 13.7 8.0 122.11 6.11 11.75 7,125 3,515,685
25 1200 53.4 17.0 9.5 186.21 7.45 12.82 8,750 3,011,414
30 1100 69.0 20.0 10.5 246.62 8.22 12.08 9,000 2,769,898
35 1000 71.0 22.6 11.2 300.87 8.60 10.85 11,000 2,595,726
40 900 79.8 25.4 11.8 344.22 8.61 8.67 11,750 2,451,374
45 800 87.3 27.8 12.2 367.11 8.16 4.58 12,500 2,378,927
50 700 94.2 30.0 12.6 380.11 7.60 2.60 13,450 2,334,361
Note: n = individual tree, k = circumference (cm), d = diameter (cm), h = height (m), TV =total volume (m3 ha-1), MAI = mean annual
increment (m3 ha-1 yr-1), CAI = current annual increment (m3 ha-1 yr-1)

Table 2. Bioeconomic valuation on environment value based on production simulation and local wisdom

Age
(year) N Circumference

(cm) d h F TV MAI CAI K Price of Env.cm-1

(Rp)
Price of Envi.m3-1

(Rp)
3 2200 9.4 3.0 2.2 0.86 2.94 0.98 - 11,748 82,832,260
7 2000 16.6 5.3 3.3 0.83 12.08 1.73 2.28 7,379 20,341,972
10 1800 22.6 7.2 4.4 0.77 24.82 2.48 4.25 6,113 10,027,996
15 1550 33.0 10.5 6.3 0.75 63.38 4.23 7.71 5,124 4,133,176
20 1400 43.0 13.7 8.0 0.74 122.11 6.11 11.75 4,797 2,367,023
25 1200 53.4 17.0 9.5 0.72 186.21 7.45 12.82 5,126 1,764,005
30 1100 69.0 20.0 10.5 0.68 246.62 8.22 12.08 5,461 1,530,372
35 1000 71.0 22.6 11.2 0.67 300.87 8.60 10.85 6,143 1,449,594
40 900 79.8 25.4 11.8 0.64 344.22 8.61 8.67 6,948 1,449,594
45 800 87.3 27.8 12.2 0.62 367.11 8.16 4.58 7,691 1,463,726
50 700 94.2 30.0 12.6 0.61 380.11 7.60 2.60 8,505 1,476,199

A B C

Figure 3. The relationship among the variables of stem circumference and total volume (A).Volume and log price m-3 (B) and
correlation circumference and the price of logs per tree (C) of Shorea leprosula at aestateing distance of 2 m x 2 m based on
bioeconomic analysis of log price

Bioeconomic valuation on the environment cost
The average price of logs is directly proportional to age,

whereas the older the age and the greater the potential for
round logs, while the average price of environmental
services and the lower logs. The result of bioeconomic
valuation on the environment cost can be seen in Table 2.

Tables 1 and 2 show that the price of biomass and the

value of environment based on the stem circumference per
centimeter were different. At the initial age under 15 years
or its circumference less than 33 cm. The cost of
environment was higher while at the age of above 15 years
the price of per centimeter of stem circumference is
cheaper. This is because the investment in the initial
growth is higher so that its growth is not able to cover the
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service value of environment (Arezoo et al. 2015).
Differences between the price of stem circumference under
15 years and above 15 years ranged from 15% to 60%.

Relationship between stem circumference and the cost of
environment and between stem circumference and the total
volume were very high (Figure 4).

A B

Figure 4. The relationship of circumference of tree and price of environment per meter cubic (A).Volumetotal and the price of
environment per tree (B) of Shorea leprosula at estateing distance of 2 m x 2 m based on bioeconomic analysis of forest with the price
of environment

Table 3. The benefit valuation of wood based on bioeconomic and environmental analysis

Age
(year)

TV
m3 ha-1

Bio Benefit/ha
Rp ha-1

AR BIO
Rp m3-1

Envi. Benefit
ha-1 Rp ha-1

AR Envir.
Rp m3-1

MR Envir.
Rp m3-1

MR BIO
Rp m3-1

3 2.94 46,651,275 15,863,811 243,587,777 82,832,260 - -
7 12.08 99,899,700 8,270,290 245,717,714 20,341,972 233,070 5,826,753
10 24.82 162,855,360 6,562,231 248,865,497 10,027,996 247,123 4,942,456
15 63.38 293,985,497 4,638,143 261,978,511 4,133,176 340,004 3,400,040
20 122.11 429,309,536 3,515,685 289,043,319 2,367,023 460,848 2,304,239
25 186.21 560,757,750 3,011,414 328,476,783 1,764,005 615,220 2,050,733
30 246.62 683,100,000 2,769,898 377,413,683 1,530,372 810,149 2,025,373
35 300.87 780,976,900 2,595,726 436,139,823 1,449,594 1,082,415 1,804,025
40 344.22 843,822,608 2,451,374 498,985,543 1,449,594 1,449,594 1,449,594
45 367.11 873,337,000 2,378,927 537,354,253 1,463,726 1,676,259 1,289,430
50 380.11 887,316,675 2,334,361 561,119,701 1,476,199 1,828,492 1,075,584
Note: TV= total volume, AR= average revenue, MR= marginal revenue

Table 4. Simulation on bioeconomic valuation of logs for Shorea leprosula type and the value of environment service

Age
(year) n Circumference

(cm) d h TV MAI CAI

K Price
of Logs

cm-1

(Rp)

Price of
logs m3-1

(Rp)

K Price
of Envir

cm-1

(Rp)

Price of
Envir, m3-1

(Rp)

3 850 14.8 4.7 4 5.01 1.67 - 4,250 10,643,380 11,354 28,434,341
7 780 26.7 8.5 5 18.58 2.65 3.39 4,750 5,324,671 7,366 8,256,790
10 680 36.8 11.7 6 35.95 3.60 5.79 5,500 3,823,659 6,179 4,426,221
15 670 50.3 16 7 76.34 5.09 8.08 6,000 2,646,766 5,104 2,394,503
20 640 62.8 20 8,4 135.05 6.75 11.74 7,000 2,084,329 5,065 1,664,066
25 580 78.5 25 9,5 202.75 8.11 13.54 8,500 1,909,684 5,701 1,326,543
30 540 91.1 29 10,7 274.65 9.15 14.38 10,125 1,813,628 6,631 1,187,829
35 510 100.5 32 11,7 340.55 9.73 13.18 11,250 1,693,658 7,591 1,142,764
40 480 110.0 35 13 390.04 9.75 9.90 12,000 1,623,768 8,445 1,142,764
45 420 119.4 38 14 419.91 9.33 5.97 13,250 1,582,090 9,607 1,147,121
50 330 135.1 43 15.3 439.71 8.79 3.96 15,250 1,546,059 11,396 1,155,318
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Valuation on bioeconomic benefits of logs and
environment service

The price of biomass and environmental value based on
diameter of stems in centimeter have differences. At the
beginning of growth with a diameter below 33 cm higher
price environment, this is due to greater investments in
early growth cannot offset the value of environmental
services (Table 3).

The average price wasrelated with the age (Table 3),
shows the older the age and potential of one tree, the bigger
the benefit will be, while the average revenue (AR) of
environmental service and the price of logs become lower.
According to price of logs and the environment service for
the circumference of less than 80 cm (26 cm in diameter)
are higher than the market prices and the standard price
from the government, such diameter size may not be used
in wood processing industries because they require logs
with the diameter of 40 cm above. Based on Table 3, the
curve of equilibrium can be made, based on the marginal
revenue as can be seen in Figure 5.

The equilibrium in Figure 6 can be found at the age of
30 years with the potential of 274 m3 but the maximum
growth was found at the age of 40 with the maximum
increment of 8.6 cm year-1 (Figure 2 and Table 1). This is
congruent with the value of coefficient of determination
(R2) value was higher than 0.94.

The development of dipterocarpestate forest (Shorea
leprosula at aestating distance of 3 m x 3 m)

Total volume per hectare and the average increment is
greater than the spacing of 3 m x 3 m, but the price of logs
bioeconomic and environmental services is lower due to
the different stand density, so that a larger diameter. The
larger the diameter of the stand, the greater the selling price
of logs and environmental services (Table 4).

Table 4 shows that the total volume of logs per hectare
and the average increment are higher than those at aestating
distance of 2 m x 2 m, However, the bioeconomic value of
logs and the environment service are lower due to the
different density, resulting in larger stem circumference,
The size of circumference affects the value of logs and
environment service, Furthermore, based on the valuation
in Table 4, the growth graph of mean annual increment
(MAI) and current annual increment (CAI) can be seen in
the Figure 6.

The maximum increment of Shorea leprosula at a
estating distance of 3 m x 3 m meet at the age 40 year with
the average increment of 9.75 m3 with the total volume of
390.04 m3 ha-1, This value is higher than that of a estating
distance of 2 m x 2 m. Bioeconomic valuation of logs and
environment based on local wisdom are highly correlated.
The correlations among the variables of stem
circumference and the price per cubic meter; the
circumference and the volume per tree; and the volume and
the price of logs, both environment and log biomass have
determination values which are higher than 0.97 using
various regressions as presented in Figure 2 and Figure 3.
Therefore, local wisdom has been tested just like the
modern bioeconomic valuation.

Bioeconomic benefit valuation of logs and environment
service at aestateing distance of 3 m x 3 m

The Benefit of logs per cubic meter and environment
service can be seen the Table 5. The margin revenue shows
that value of biomass at the younger ages has higher value,
while at the older ages, the value is lower, inversely
proportional to the margin revenue of environment which
has lower value at the younger ages and has higher value at
the older ages. All of them can be illustrated with
equilibrium graphs (Figure 6).

Figure 5. The curve of the correlation between total volume and
valuation of margin revenue of logs and the price of environment

Figure 6. The graph of increment of Shorea leprosula at
aestateing distance of 3 m x 3 m

Figure 6. Curve of the correlation between total volume and the
value of bioeconomic benefit of forest with bioeconomic-
environment
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Table 5. Benefit value of logs based on bioeconomic and environmental analysis

Age
(year)

TV
m3 ha-1

Bioeconomic
Benefit/ha

Rp ha-1

AR Bio
economy
Rp m3-1

MR Bio
economy
Rp m3-1

Environment
Benefit/ha

Rp ha-1

AR Environment
Rp m3-1

MR
Environment Rp

m3-1

3 5.01 53,338,743 10,643,380 142,497,216 28,434,341 -
7 17.87 98,933,689 5,537,658 3,547,093 147,512,660 8,256,790 390,180
10 34.89 137,465,757 3,939,527 2,262,818 154,448,432 4,426,221 407,307
15 71.78 202,061,280 2,814,815 1,750,986 171,889,223 2,394,503 472,766
20 122.38 281,478,400 2,299,949 1,569,517 203,656,071 1,664,066 627,807
25 195.76 387,189,875 1,977,887 1,440,707 259,683,153 1,326,543 763,575
30 274.65 498,108,386 1,813,628 1,406,023 326,234,260 1,187,829 843,614
35 340.55 576,779,400 1,693,658 1,193,705 389,171,071 1,142,764 954,964
40 390.04 633,326,400 1,623,768 1,142,764 445,718,071 1,142,764 1,142,764
45 419.91 664,333,005 1,582,090 1,037,932 481,685,733 1,147,121 1,204,001
50 439.71 679,812,746 1,546,059 781,874 508,001,293 1,155,318 1,329,186
Note: TV= total volume, AR= average revenue, MR= marginal revenue

Figure 6 shows that equilibrium value is found at the
age of 30 years, but the maximum increment is at the age
of 40 years, Therefore, at an estating distance of 2 m x 2 m
and at an estating distance of 3 m x 3 m, the dipterocarp
estate forests has equilibrium and growth at the same age
but different potency.

According local wisdom the price of logs with the
diameter between 34 cm to 37 cm is Rp, 1,623,768 m-3 in
addition to the environment service with the price of Rp
1,142,764. Thus, the total price that should be applied in
the market is Rp 2,766,532 or USD= 230,54 m3-1, This
value will be able to restore the dipterocarp forest,
Therefore, it is necessary to issue a regulation on new
forest levy from the government, namely: PSDH = USD
80, DR = USD 17, PNT = USD 37 and other levies with
the amount of USD 5, The larger the diameter the lower the
price of logs m3-1in the market will be for every additional
10 cm in diameter, namely 1%.

The potential of volume and increment of Shorea
leprosula Estate Forest at an estating distance of 3 m x 3 m
is higher than the potential of Shorea leprosula Estate
Forest at aestating distance of 2 m x 2 m. Estating distance
determines the bioeconomic and environmental value based
on local wisdom. Relationship among the variables of
bioeconomic and environmental valuation, namely between
circumference and tree volume, between circumference and
price per cubic meter, between volume and log price,
circumference and environment cost, are high with the
value of coefficient of determination R2 which is higher
than 95%. The equilibrium of forest area environment at
different estating distances was the same at the age of 30
years although they have different potency, Maximum
increment was also found at the same age, namely at the
age of 40 years with different mean annual increment
(MAI). Local wisdom values log biomass based on the size
of stem circumference, Logs with the diameter of 35 cm or
circumference of 110 cm cost USD 230,5, while the current
market price was 58% lower. This is caused by the low fee
applied by the government to wood product resource. The
change in log price occurs every additional 10 cm of
diameter size with the decrease in price of 1%. Current
prices for logs in the market indicate that it may not be

sufficient to pay the environment service which results in
inability to restore the condition of forest and which in turn
resulting in the destruction of environment.
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Abstract. Bellatreche A, Mahdad MY, Kaouadji Z, Gaouar SBS. 2017. Agro-morphological diversity of some accessions of breadwheat 
(Triticum aestivum) in western Algeria. Biodiversitas 18: 409-415. The diversity of wheat in Algeria is well known. An inventory has 
been conducted in the west of Algeria (North and South) to collect local accessions of bread wheat Triticuma aestivum for their 
morphological characterization. In this context, a collection of 23 traditional and new accessions of bread wheat was investigated using 
nine quantitative agro-morphological traits. The phenotypic diversity was determined by the Shannon-Weaver diversity index (H') at 
different levels (sample Totality which is by type of wheat and varietal name). The H' showed a wide phenotypic variability for different 
traits with H’ average of 0.59. The results of the multiple correspondence analysis and hierarchical clustering showed a clear distinction 
between different accessions. The results of this work have revealed the great phenotypic diversity of wheat accessions. These 
accessions were partially matched the names of varieties because of the existence of homonyms and synonyms in the names given by 
farmers. The results showed that these local accessions (that genetic composition should be studied more precisely) are mainly 
cultivated by traditional farmers who conserve this genetic resource, often on very small plots in the oases or in an inaccessible terrains. 

Keywords: Algeria, morphological diversity, morphological traits, Triticuma aestivum 

INTRODUCTION 

Algeria is having a chronic dependence on cereals 
including wheat. The promotion of new culture in our 
country in order to reduce this dependence has not 
produced the desired results, as far as growing techniques 
and technical route are concerned, the new culture is not 
respected by farmers and finally, again, we will face the 
inadequacy of varieties, soil conditions, crop and the 
environment. Considered as one of the largest consumers 
of cereals in the world, and facing population growth, the 
Algerian government and breeders found themselves 
obliged to develop and introduce improved varieties with 
high yield adapted to intensive grain system, such as Arz 
and HD 1220 or Hiddab that represent a very high 
percentage of wheat plantings. 

Biodiversity is the basis of several breeding programs 
to create varieties adapted to different topographic and 
climatic constraints (Bellon et al. 1996; Kebebew et al. 
2001). Quantification and phenotypic characterization of 
this material is an important preliminary step to quantify 
genetic erosion over time due to climate changes and 
replacement of traditional accessions by modern varieties 
(Belaid 2000) and suggest strategies in maintaining and 
valuing diversity (Jarvis 1999). These steps can estimate 
the existing diversity for the studied material (Schut et al. 

1997), and suggest appropriate plans for the management 
and improvement of genetic resources. 

Many studies have thus focused on the characterization 
of traditional accessions based on agro-morphological 
characters (Al Khanjari et al. 2008; Teklu and Hammer 
2008; Surur and Amara-Hajer 2009; Zarkti et al. 2012; 
Geleta and Grausgurber 2013), and on molecular 
characterization (Zarkti et al. 2010; Peleg et al. 2011; 
Oliveira et al. 2012; Rekha Malik et al. 2013; Medini et al. 
2014). 

This work is only a continuity to the work done during 
the 2009-2010 as a companion for the study of some 
phenotypic traits of agronomic interest in the Wilaya 
(region) of Tlemcen (Bellatreche 2011) and the analysis of 
the diversity of these varieties and the influence of the 
environment on their performance (Bellatreche and Gaouar 
2012). 

MATERIALS AND METHODS 

Vegetal material and collection sites 
Our study is based on the characterization of the 

diversity of bread wheat (Triticuma aestivum L.). The plant 
material is characterized by a survey on land, during the 
year 2014-2015 in the Algerian western regions (Figure1).  
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Figure 1. Location of different farmers' fields collection sites in 
western Algeria. A. Tlemcen, B. Adrar, C. Tamanrasset 

 
 
 

In total six hundred and ninety (690) spikes of wheat 
were the subjects of this study. These spikes were collected 
from fifteen (15) localities belonging to different sites in 
the study area (Table 1). To better meet the objectives of 
our study, twenty-three (23) farmers were asked to give 
their ideas on agricultural practices, types and names of 
bread wheat accessions grown. 

Our collection was cultivated at 23 fields; each 
population of the study completed the harvest of 30 
different plants randomly taken in the field. The survey of  
land was carried out in three areas to describe the types of 
agro-systems in which changes local accessions of wheat, 
and to assess the impact of agricultural practices on the 
management of diversity of wheat.  

During the crop year, the accessions were evaluated 
using nine characters having variations of quantitative type. 
These characters are: plant height (PH), stem length (SL), 
spike length with beard (SLWB), spike length without 
beard (SLWtB), width of spike (WdS), weight of spike 
(WtS), length of beards (LB), number of seeds per spike 
(Nbr S/S), and weight of seeds per spike (W S/S). The 
morphological characterization of the accessions was 
conducted according to international standards, particularly 
those of the International Plant Genetic Resources Institute 
(IPGRI 1985), currently named  Biodiversity International  
and  Protection Union of New Varieties of Plants (UPOV 
1988). 

Statistical analyses 
After transferring data over a matrix, several statistical 

tests were carried out by the R software (version R-2.15.3).  

Shannon and Weaver Index 
Before performing this test a transformation of 

quantitative traits in classes was performed. This 
transformation was performed with the "summary" of the R 
software which divides the range of values in the desired 
number of classes (four), and determines the limits of each 
class. The frequencies of different phenotypic classes for 
each trait in each of the three collection areas and in four 

 
 
 
Table 1. Number and origin of accessions studied in western Algeria 
  
Region Locations Localites Longitudes Latitudes Altitudes 
Tlemcen Mahon Demias Merbah 1°01'56.75"O 34°54'17.98"N 702 m 
 Arz Ramd Am Amieur 1°17'51.26"O 34°55'13.08"N 583 m 
 HD Maghnia Maghnia 1°44'05.73"O 34°51'13.78"N 411 m 
 HD Hamadouche Tlemcen 1°17'51.26"O 34°55'13.08"N 583 m 
 Arz A/Fezza Ain Fezza 1°14'05.92"O 34°52'37.23"N 858 m 
 ArzFP/Hamadouche Tlemcen 1°17'51.26"O 34°55'13.08"N 583 m 
 HD FP S/Abdelli SidiAbdelli 1°07'58.53"O 35°03'50.71"N 464 m 
Adrar ZraaLabled ZaouiatAbd El Kader 0°14'18.29"E 29°15'41.81"N 288 m 
 Belmabrouk Zaouia 0°14'18.29"E 29°15'41.81"N 288 m 
 El Hamra Zaouia 0°14'18.29"E 29°15'41.81"N 288 m 
 Bahamoud Zaouia 0°14'18.29"E 29°15'41.81"N 288 m 
 Belmabrouk d3 ZaouiatKounta (El Mnasir) 0°12'00.52"E 27°13'00.28"N 189 m 
 Belmabrouk d5 Tamantit (SidiYoucef) 0°16'00.19"E 27°46'00.31"N 241 m 
Tamanrasset Bent M'barak Tazrouk 6°15'40.92"E 23°25'17.12"N 1814 m 
 El Hamra Ig Iglen 4° 51′ 0″ E 22° 52′ 59.88″ N 1 400 m 
 El Baydha Ig Iglen 4° 51′ 0″ E 22° 52′ 59.88″ N 1 400 m 
 Manga Am Ganet Ain Amguel 3°25'19.93"E 24°32'28.27"N 633 m 
 El HamraTz Tazrouk 6°15'40.92"E 23°25'17.12"N 1814 m 
 Manga Tz Tazrouk 6°15'40.92"E 23°25'17.12"N 1814 m 
 Labyadh Id Idless 5°56'03.64"E 23°49'03.80"N 1398 m 
 LabyadhTz Tazrouk 6°15'40.92"E 23°25'17.12"N 1814 m 
 Manga Baydha Idless 5°56'03.64"E 23°49'03.80"N 1398 m 
 H'bircha Ain Amguel 3°25'19.93"E 24°32'28.27"N 633 m 
 

B 

A 

C 
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classes were calculated for each line. Based on these 
frequencies, the index of Shannon-Weaver (Shannon and 
Weaver, 1948) which was described by Jain et al. (1975), 
was calculated for each line in order to estimate the 
phenotypic class. 

The Shannon-Weaver index is calculated using the 
following formula:  

 

   
 
H = Shannon and Weaver diversity index 
Pi = Frequency of each phenotypic class i of a given 

character 
n = Number of phenotypic classes of each character 
The index (H) is converted towards the relative 

phenotypic diversity index (H ') by dividing it with its 
maximum value: H max (Ln (n)) to obtain 0 to 1 values. 

 

   
 
The relative diversity index (H ') reaches its minimum 

value, which is zero for monomorphic characters. 
Moreover, the value of this index increases with the degree 
of polymorphism and reaches a maximum value (1) when 
all the phenotypic classes present in equal frequencies. 

Analysis of variance (ANOVA)  
Analysis of variance was used to calculate variation 

among accessions, using the R software (version R-2.15.3). 

Principal components analysis (PCA) 
 Principal components analysis was carried out on the 

correlation matrix. It calculated the mean data of 
accessions using the FactoMineR software (version R-
2.15.3). 

Hierarchical Ascendante Classification (HAC) 
 Hierarchical Ascendante Classification or cluster 

analysis, was used to calculate the mean data of accessions 
using the FactoMineR software (version R-2.15.3) to better 
classify the 23 accessions of bread wheat. 

RESULTS AND DISCUSSION 

Relative diversity index of different characters  
The relative diversity index (H' moyen) of all studied 

accessions is about 0.59 (Table 2). This index ranges from 
0.19 to 0.82 respectively for the varieties El Hamra and 
Manga. This index ranges from 0.46 of spike length with 
beard and length of beards and 0.85 for the width of the 
spike (Table. 2).  

According to all the features and all varieties: the 
highest diversity index (H '= 0.98) is of seeds per spike 
weight of the Manga variety at Tazrouk region. The highest 
diversity indices (H'≥0, 60) are obtained from thirteen 

accessions, intermediate values (0, 40≤H <0.60) were 
obtained from eight accessions, and the lower diverse 
values (0, 10≤H <0.40) were observed from two 
accessions. 

Relative index diversity of different characters 
depending on the region (Tlemcen, Tamanrasset and 
Adrar) 

The index of Shannon and Weaver was calculated from 
the different characters in the three regions surveyed are: 
Tlemcen, Tamanrasset and Adrar (Table 2.). The Tlemcen 
region experienced an average diversity index of about 
0.49, followed by the region of Tamanrasset (average H' = 
0.57) and that of the region of Adrar (average H'= 0, 64).  

After that we have calculated the diversity index of 
S.W; by using “ANOVA” for different values, we found in 
the results (table 3) that; (i) The average number of grain 
per spike character among different accessions ranges from 
19.67 seeds / spike for Mahon Demias (Tlemcen) to 87.8 
seeds / spike for Manga Baydha (Tamanrasset). (ii) The 
average of character width of spike varies from 0.83 cm for 
El Hamra (Adrar) to 1.65 cm for Arz in Ain Fezza 
(Tlemcen). (iii) The average spike weight character varies 
from 1.05 g for El Hamra in region of Iglen (Tamanrasset) 
to 4.67 g for Manga Baydha (Tamanrasset). (iv) The 
average seed’s weight per spike varies from 0.50 g for El 
Hamra in region of Iglen (Tamanrasset) to 3.34 g for the 
Manga Baydha (Tamanrasset). (v) Significance analysis of 
the production traits was performed by χ2-test (P < 0.05), 
using R statistical software. The significance of the number 
of seed/spike, width of spike, weight of spike and weight of 
seed/ spike are analyzed using the ANOVA and Tukey Test 
(P < 0.05) with R statistical software. 

From table 4, it is known that (i) The average of the 
plant’s height trait varies from 52.32 cm for El Hamra in 
Iglen region (Tamanrasset) to 125.10 cm for Labyadh in 
Idles (Tamanrasset). (ii) The average length of the spike’s 
without beards character ranges from 5.77 cm for El Hamra 
in Iglen (Tamanrasset) to 14.72 cm for HD Maghnia 
(Tlemcen). (iii) The average length of the beard’s character 
ranges from 0.83 cm for H'bircha (Tamanrasset) to 7.30 cm 
for HD in the region of Sidi Abdelli (Tlemcen). (iv) The 
average length of the character of the spike with barbs 
ranges from 6.35 cm for Bent M'barak (Tamanrasset) to 
18.67 cm HD for the region Maghnia (Tlemcen). (v) The 
average length of the spike’s with beards character varies 
from 45.45 cm for El HamraIglen (Tamanrasset) to 116.20 
cm for Labyadh at the Idles area (Tamanrasset). (vii) 
Significance analysis of the adaptative characters was 
performed by χ2-test (P < 0.05), using R statistical 
software. The significance of the plant height, Spike length 
without beards, length of beards, Spike length with beards 
and Stem length are analyzed using the ANOVA and 
Tukey Test (P < 0.05) with R statistical software. 

We take note that at Figure 2, the PCA of bread wheat 
accessions (which sets apart the character stem length) is 
reflecting a high level of statistical significance. We also 
note that PCA represents 71.44% of the information used 
for statistical processing and it is very significant. 
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Table 2. Relative diversity index of different characters and accessions of bread wheat in western Algeria 
 
Accessions PH H' SL H' SLWB H' SLWtB H' WdS H' WtS H' LB H' Nbr S/S H' W S/S H' Average
Tlemcen           

MahonDemias 0.79 0.73 0.19 0.76 0.58 0.23 0.00 0.00 0.23 0.42 
ArzRamd Am 0.68 0.64 0.39 0.75 0.78 0.76 0.36 0.77 0.75 0.69 
HD Maghnia 0.49 0.63 0.00 0.00 0.11 0.33 0.36 0.11 0.33 0.26 
HD Hamadouche 0.58 0.82 0.00 0.00 0.36 0.58 0.42 0.57 0.59 0.45 
Arz A/Fezza 0.76 0.84 0.56 0.91 0.36 0.81 0.23 0.67 0.75 0.67 
Arz FP/Hamadouche 0.78 0.70 0.49 0.94 0.76 0.74 0.00 0.70 0.74 0.68 
HD FP S/Abdelli 0.78 0.75 0.00 0.42 0.50 0.28 0.00 0.49 0.36 0.42 
Avr Tlemcen region 0.70 0.73 0.23 0.54 0.49 0.53 0.20 0.47 0.54 0.49 

Adrar           
ZraaLabled 0.49 0.43 0.59 0.70 0.71 0.86 0.77 0.44 0.75 0.67 
Belmabrouk 0.72 0.72 0.43 0.66 0.50 0.49 0.77 0.67 0.49 0.63 
El Hamra 0.80 0.80 0.62 0.67 0.46 0.23 0.49 0.46 0.39 0.57 
Bahamoud 0.47 0.44 0.55 0.57 0.79 0.71 0.57 0.67 0.76 0.65 
Belmabrouk d3 0.71 0.65 0.63 0.49 0.89 0.68 0.64 0.76 0.73 0.72 
Belmabrouk d5 0.70 0.68 0.59 0.73 0.63 0.78 0.78 0.81 0.76 0.75 
Avr Adrar region 0.65 0.62 0.57 0.64 0.66 0.63 0.67 0.64 0.65 0.64 

Tamanrasset           
Bent M'barak 0.47 0.49 0.28 0.39 0.73 0.75 0.41 0.63 0.68 0.57 
El Hamra Ig 0.00 0.00 0.42 0.11 0.49 0.11 0.18 0.23 0.00 0.19 
El Baydha Ig 0.11 0.11 0.67 0.69 0.68 0.69 0.64 0.49 0.23 0.51 
Manga Am 0.58 0.82 0.43 0.68 0.69 0.74 0.42 0.78 0.72 0.68 
El HamraTz 0.76 0.78 0.59 0.77 0.78 0.58 0.72 0.65 0.58 0.72 
Manga Tz 0.65 0.60 0.70 0.59 0.90 0.95 0.66 0.96 0.98 0.82 
Labyadh Id 0.00 0.00 0.67 0.69 0.94 0.96 0.42 0.93 0.96 0.66 
LabyadhTz 0.64 0.73 0.64 0.68 0.79 0.93 0.79 0.82 0.80 0.79 
Manga Baydha 0.64 0.63 0.55 0.74 0.23 0.18 0.63 0.11 0.23 0.45 
H'bircha 0.91 0.93 0.64 0.67 0.43 0.36 0.23 0.53 0.46 0.59 
Avr Tamanrasset région 0.48 0.51 0.56 0.60 0.67 0.62 0.51 0.61 0.56 0.57 

           
Average 0.59 0.60 0.46 0.59 0.61 0.60 0.46 0.58 0.58 0.59 

 
 
 

Table 3. Averages and SD production traits of bread wheat accessions of bread wheat in western Algeria 
 
Accession  Number of seed/spike* Width of spike (cm)* Weight of spike (g)* Weight of seed/ spike (g)* 
Arz A/Fezza 37.9±1.36 def 1.65±0.05 k 1.71±0.12 ac 1.22±0.07 bde

Arz FP/Hamadouche 41.03±1.65 efg 1.28±0.04 egh 2.42±0.11 dfg 1.71±0.08 dfg

ArzRamd Am 35.17±1.77 cde 1.28±0.04 efi 1.95±0.1 bcde 1.40±0.08 cdf

Bahamoud 32.43±1.49 be 1.02±0.03 bcd 1.60±0.03 ac 1.20±0.07 bd

Belmabrouk d3 42.17±1.36 efg 1.14±0.03 def 2.08±0.09 cf 1.54±0.07 cdf

Belmabrouk d5 40.33±1.64 efg 1.31±0.03 fgi 2.28±0.1 cfg 1.77±0.08 fg

Benmabrouk 60.67±2.76 ij 1.45±0.03 hij 3.86±0.19 ij 2.77±0.14 ij

Bent M'barak 28.8±1.23 abd 1.14±0.03 def 1.94±0.12 bcde 1.16±0.06 bc

El Baydha Ig 22.2±1.71 ab 1.11±0.03 de 1.38±0.12 ab 0.54±0.08 a

El Hamra 26.07±0.96 abc 0.83±0.03 a 1.14±0.05 a 0.84±0.04 ab

El Hamra Ig 21.57± 0.97 ab 0.86±0.02 ab 1.05±0.05 a 0.50±0.03 a

El Hamra Tz 37.47±2.36 def 1.04±0.03 cd 1.95±0.08 bcde 1.39±0.06 cdf

H'bircha 65.77±3.47 j 1.61±0.05 jk 4.10±0.24 jk 3.06±0.2 jk

HD FP S/Abdelli 54.7±0.63 hi 1.41±0.02 gi 3.29±0.04 hi 2.35±0.03 hi

HD Hamadouche 56.73± 1.76 hj 1.46±0.02 ij 2.93±0.11 gh 2.17±0.07 gh

HD Maghnia 77.23±3.36 k 1.62±0.03 jk 4.23±0.18 jk 3.22±0.14 jk

Labyadh Id 48.17± 2.72 fh 1.26±0.03 eg 2.59±0.17 efg 1.88±0.13 fh

Labyadh Tz 40.97± 1.79 efg 1.23±0.04 ef 2.17±0.13 cf 1.69±0.1 dfg

MahonDemias 19.67±0.67 a 0.97±0.02 ac 1.12±0.05 a 0.72±0.04 ab

Manga Am 40.8±1.55 efg 1.12±0.03 de 1.90±0.08 bcd 1.38±0.06 cdf

Manga Baydha 87.8±4.02 k 1.78±0.04 k 4.67±0.18 k 3.34±0.16 k

Manga Tz 40.27±2.63 efg 1.14±0.04 def 2.70±0.19 fh 1.73±0.12 efg

Zraa Labled 50.03±3.54 ghi 1.22±0.03 ef 2.76± 0.19 fh 2.08±0.15 gh

Note: *Significant statistical test p-value= 2e-16*** (2e-16<0.05) 
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Table 4. Averages and SD adaptative characters of bread wheat accessions of bread wheat in western Algeria 
 

Accession  plant height (cm)* Spike length without 
beards (cm)* 

length of beards 
(cm)* 

Spike length with 
beards (cm)* Stem length (cm)*

Arz A/Fezza 71.72±1.94 bcde 8.06±0.4 eg 6.24±0.14 f 13.56±0.42 jk 63.47±1.95 bcd

Arz FP/Hamadouche 76.58±1.46 cfg 7.54±0.36 cdef 6.47±0.11 f 13.27±0.31 j 63.03±1.17 bcd

ArzRamd Am 93.27±2.02 ln 8.64±0.27 gh 6.51±0.2 f 13.63±0.31 jk 82.73±1.78 hi

Bahamoud 68.02±0.9 b 7.69±0.27 cdg 2.30±0.13 ce 9.59±0.21 fh 58.87±0.82 b

Belmabrouk d3 89.98±1.33 jkln 7.41±0.1 cde 2.53±0.11 de 8.80±0.15 dfg 81.55±1.23 hi

Belmabrouk d5 87.68±1.03 ikl 6.83±0.11 ad 2.31±0.18 ce 8.29±0.15 cde 79.70±1 h

Benmabrouk 81.58±1.18 fi 8.75±0.2 gh 2.20±0.21 ce 10.35±0.24 hi 71.48±1.07 eg

Bent M'barak 67.38±0.96 b 5.84±0.13 a 1.08±0.13 a 6.35±0.21 a 61.35±0.93 bc

El Baydha Ig 58.73±0.96 a 6.96±0.11 bcd 2.44±0.4 de 8.50±0.14 df 50.38±1.22 a

El Hamra 78.12±1.37 efgh 6.65±0.11 ac 2.71±0.14 e 8.62±0.14 df 70.02±1.32 def

El Hamra Ig 52.32±0.7 a 5.77±0.08 a 2.12±0.73 ce 7.02±0.17 ab 45.45±0.67 a

El Hamra Tz 76.97±1.61 dfg 7.20±0.18 bcde 1.56±0.13 ac 7.73±0.17 bcd 69.55±1.54 de

H'bircha 85.43±2.03 hik 7.56±0.15 cdef 0.83±0.07 a 7.80±0.15 bcde 77.22±2.17 fgh

HD FP S/Abdelli 82.37±1.41 gij 9.53±0.13 hi 7.30±0.13 g 16.33±0.26 l 66.77±1.2 ce

HD Hamadouche 95.50±1.64 mn 12.58±0.22 j 6.16±0.19 f 16.82±0.26 l 78.87±1.54 h

HD Maghnia 94.57±1.69 ln 14.72±0.19 k 6.40±0.26 f 18.67±0.24 m 80.07±1.71 h

Labyadh Id 125.10± 2.07 o 8.63±0.19 gh 1.21±0.08 ab 8.96±0.19 efg 116.20±4.03 j

Labyadh Tz 69.07±1.6 bc 6.31±0.14 ab 2.04±0.18 ce 7.64±0.21 bcd 61.68±1.51 bc

MahonDemias 87.93±1.64 iklm 7.73±0.17 dg 7.67±0.2 g 14.67±0.25 k 77.57±1.44 gh

Manga Am 74.22±1.3 bf 6.70±0.13 ad 1.17±0.07 ab 7.14±0.23 ac 67.42±1.27 ce

Manga Baydha 70.15±1.28 bcd 8.64±0.21 gh 2.40±0.13 de 10.01±0.22 gh 60.45±1.22 bc

Manga Tz 92.15± 3.01 kn 10.40 ±0.36 i 2.32±0.12 ce 11.45±0.37 i 81.22±1.21 hi

Zraa Labled 97.10±1.7 n 8.57±0.22 fgh 1.85±0.15 bcd 9.57±0.24 fh 87.68±1.63 i

Note: *Significant statistical test p-value= 2e-16; *** (2e-16<0.05) 
 
 
 

 
 
Figure. 2. PCA of bread wheat accessions of Algeria according to 
the average of different characters for all individuals and regions 
 
 

 
 
Figure. 3. Hierarchical Ascendante Classification (HAC) of bread 
wheat in western Algeria 

 

The dendrogram below shows the relationship among 
the different accessions in this study (Fig. 3). It is divided 
in to tow major groups. The first divided on 2; namely the 
bread wheat varieties of Tlemcen region. The second 
groupe includes the mixture of bread wheat accessions of 
both Adrar and Tamanrasset. Whereas the other group 
contains two subdivisions, one is related to bread wheat 

accessions of Adrar and Tamanrasset. The last subdivision 
contains a mixture of bread wheat accessions of 
Tamanrasset and Adrar region. 

Discussion 
Our study was carried out on 23 accessions spread over 

an area of 1,004,946 km². This area is equivalent to almost 
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twice the size of France. The number of accessions and 
study is comparable to the study of Bechar and al in 1996 
about wheat varieties of Northern Ethiopia spreading over 
an area of 1.104000 km². 

The Shanon and Weaver index H' moyen (0.59) reflects 
the large morphological diversity spikes of this collection. 
This diversity is close to that obtained by Al Khanjari et al. 
(2008) in Omanian original population of Durum and bread 
wheat with an index of 0.63 for quantitative traits of wheat. 
For the index H’= 0.19 (El Hamra of Iglene in 
Tamanrasset) and 0.82 to (Manga of Tazrouk in 
Tamanrasset), several factors could explain the difference 
in index values of Shanon and Weaver as localities, 
including natural factors such as adaptation of local 
conditions and human factors (Belhadj et al. 2015). The 
high diversity in the collection is mainly due to the 
presence of several polymorphic characters with a value 
(H'> 0.50), particularly, the width of spike (H’ = 0.85) 
which is the highest value of this index. These values are 
close to those reported by El Khanjari et al. 2008 whit H'= 
0.81. 

Concerning the length of the plant we have found (H'= 
0.59) which is near to the one reported by SAHRI et al. 
2014 (H’ = 0.53) which was derived from the valley of Er-
Rich - Imilchil (Morocco). For spike length without beard 
(H’ = 0.59) a value greater than ours was found by El 
Khanjari et al. 2008 (H’ = 0.74), and Chentoufi et al. 2014 
(H’ = 0.73). Finally for the number of seeds per spike (H’ = 
0.58) which are close to the results found by Bechar and al 
1996 (H’ = 0.53) in the Gondar region of Ethiopia. As far 
as the tow characteristics are concerned: weight of seeds 
per spike (H '= 0.58), the stem is length and weight of the 
spike (H' = 0.60) and after consulting several databases we 
have not found similar work. 

The means of H' index, vary from 0.19 for the 
accessions of El HamraIglen (Tamanrasset) to 0.82 for the 
Manga accession of Tazrouk region (Tamanrasset). 
Thirteen accessions with high diversity indices are all 
traditional names and are located in the three regions 
studied (Tlemcen, Tamanrasset and Adrar). These results 
are consistent with those of Chentoufi et al. 2014. The 
difference of H’ calculated for different characters in the 
three regions (Tlemcen, Adrar et Tamanrasset) is in 
agreement with the results of Al Khanjari et al. (2008) that 
showed a differential phenotypic diversity of indigenous 
populations for bread and durum wheat in Oman based on 
fifteen qualitative characteristics and seventeen quantitative 
traits. 

Concerning the result of PCA we determine the 
formation of two groups of characters. This reflects a 
positive correlation between parameters in each group. The 
first group includes the length of the plant, the stem length, 
the spike length with and without beards, and beards length 
(adaptive traits). The second group contains the width of 
the spike, the number seeds per spike, the spike weight and 
the weight of seeds per spike (production traits). 

The correlation of these characteristics may be 
explained by the influence of genes. These traits are 
controlled by a number of genes, and in general, they react 
in the same manner according to environmental conditions. 

To exclude any likelihood, we must have the situation 
where the same population is changing in the same habitat, 
to see if the correlations change (and it will be the subject 
of a future study of our team), otherwise it means that these 
correlated characters are rather controlled by a number of 
genes in common. 

In summarize, our study, which is aimed to analyze the 
diversity based on agro-morphological traits of accessions 
collected in the western Algerian region, has shown that 
there is significant diversity among different accessions. 
This work has shown that there is a high diversity due to 
the presence of high polymorphic characters (plant height, 
stem length, spike length with beard, spike length without 
beard, spike width, weight spike, length beards, number of 
seeds per spike, weight of seeds per spike). This diversity is 
also due to rise the traditional typological in which these 
are cultivated accessions characterized by low selective 
pressure. It would be useful to study the possibility of 
integrating this material in breeding programs for the 
development of varieties adapted to environments of 
Algerian agro-ecological regions (Aggoun 2006). Farmer 
participation in these programs is to encourage the 
preservation of the variety which is in danger of extinction. 
This method is called "conservation through use." It has 
principle of creating sustainable agricultural systems that is 
actively used by farmers and determining the possibility of 
diversity (Tsegay and Berg 2007; Teklu and Hammer 
2008). This strategy was developed in Italy by Boggini et 
al. (1990) and in Tunisia by Daaloul et al. (1990). This 
study also identified places of conservation in situ. The 
logical result is that work would block the implementation 
of these varieties to learn more about their genetic potential 
and phytotechnology. Finally, a study by molecular 
markers allow us to have a precise idea about the genetic 
variability and the exact number of variety, which is very 
important to be considered for the establishment of the 
management of significant yet potential plan and breeding. 
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Abstract. Adie MM, Krisnawati A. 2017. Variability of pod trichome and agronomic characters of several soybean genotypes. 
Biodiversitas 18: 416-421. Trichome potentially act as a plant defense against soybean pod feeders, hence, the identification of 
trichome variability on soybean pod becomes increasingly important. A total of 150 soybean genotypes was identified for their pod 
trichome length and density. The experiment was conducted from February to June 2014. All soybean genotypes were planted in 
Muneng Research Station, Probolinggo (Indonesia). Identification of trichome length and density was performed in Laboratory of 
Biology, Malang State University. Soybean pods were taken from the third nodes at R7 stage. Soybean yield, pod trichome length and 
density were grouped using cluster analysis. The days to maturity varied from 72 to 83 days (average 77 days), 100 seed weight ranged 
from 12.50 to 23.50 g (average 16.50 g), seed yield ranged from 1.51 to 4.28 t/ha (average 2.90 t/ha), pod trichome length varied from 
56.9 to 176.5 µm (average 112.8 µm), and trichome density ranged from 12 to 59 per 4 mm2 (average 27.64 per 4 mm2). Cluster 
analysis on 150 genotypes based on yield, trichome length, and trichome density classified soybean genotypes into five major groups. 
The first group consisted of 61 genotypes, and was characterized by sparse trichome. Cluster II consisted of genotypes with short 
trichome, whereas cluster III was characterized by medium trichome length and trichome density. Cluster IV and V, each consisted of 
six genotypes, and was characterized by dense and longer trichome, respectively. G511H/Arg//Arg///Arg///Arg-19-7 was the most 
densely pubescent genotype, while G511H/Anjasmoro//Anjasmoro-5-6 was the genotype with the longest trichome. These genotypes 
could be potentially be used as gene sources for further improvement of trichome length or trichome density in soybean varietal production.  

Keywords: Density, Glycine max, length, trichome 

INTRODUCTION 

Trichome (plant hairs) is single cells that develop on the 
surface of the epidermis (Marks 1997; Werker 2000). 
Various trichomes can be found on leaves, petioles, stems 
and pods of soybean plants. Trichome characteristics are 
varied between plants and among plant genotypes in the 
forms of shape, size, density, length, and hair orientation. 
The basic terminology that is used to describe the presence 
of trichome is the glabrous (hairs are completely lacking) 
and pubescent (having hairs) types. Five different types of 
trichome were found in pigeon pea and its wild relatives 
(Romeis et al. 1999). Johnson et al. (1988) found three 
main forms of trichome on tobacco plant, i.e. glandular, 
simple and hydathodes. Meanwhile, trichome on soybean 
was reported to be glabrous, curly, dense, sparse, irregular, 
slightly dense and normal (Broersma et al. 1972). 

Trichome is an important morphological character of 
soybean plant, which contributes to the resistance to abiotic 
and biotic stresses. The existence of trichome was expected 
to play role in increasing soybean resistance to drought 
stress through suppressing the loss of water (Clawson et al. 
1985; Stolf et al. 2009) and salinity (Dolatabadian et al. 
2011). The progress of the research shows that the trichome 
is an important morphological character within soybean 
resistance against insect pests. A research by Norris and 
Kogan (1980) revealed that the trichome acts as an 
important defense against 32 insect pests. Furthermore, 14 

insects exhibited antagonistic relationship with the 
presence of trichome thus increasing the degree of 
sensitivity. However, other five insects did not show a 
consistent relationship between trichome with a degree of 
resistance to the insect pests. The role of mechanism of 
trichome on Grapholitha glicinivorella (Nishijima, 1960) 
and Planthypena scabra (Pedigo 1971) led to spur the 
process of oviposition (egg laying). As a form of defense 
against soybean pests, trichome is very important trait to 
the Indonesian agricultural condition, where pest is a major 
threat within soybean cultivation.  

So far, research on the role of trichome as one form of 
soybean resistance against pests has been more focusing on 
leaf-eating pests (Khan et al. 1986; Hulburt et al. 2004; 
Nobuyuki et al. 2005; Komatsu et al. 2010; Oki et al. 2012; 
Tong et al. 2013). This is based on the fact that economic 
losses due to leaf-eating pest infestations in the world 
soybean production centers were estimated to be higher 
than that due to the pod-feeders. By contrast, Indonesian 
soybean yield loss caused by pod-feeders was greater than 
the yield loss due to the leaf-eating pests. 

Trichome on soybean pod could potentially be used as a 
form of morphological resistance against soybean pod-
feeding pests. Suharsono (2009) reported that soybean lines 
with denser trichome were able to reduce the number of 
eggs and larvae of pod borer insect as well as the damage 
intensity it causes. Lam and Pedigo (2001), in their study 
on the effect of trichome density on soybean pod feeding 
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by adult bean leaf beetles, found that densely pubescent 
soybean has the potential to resist the bean leaf beetle 
feeding on pods. Similar result was also reported in 
stinkbug where trichome was also able to reduce the non-
preference feeding. Various studies (Maulidah 2006; 
Suharsono and Sulityowati 2012) showed a negative 
correlation between the density and length of trichome with 
the damage intensity of pods and seeds caused by pod 
sucking pest. Genetic studies indicated that trichome 
characteristic was a simply inherited qualitative trait (Khan 
et al. 1986), and the number of trichome in a certain area 
was relatively fixed since the beginning of the growth of 
leaves. Furthermore, a single gene control of trichome 
production was also reported by Singh et al. (1971).  

The role of trichome as morphological defense lies on 
its ability to break the interaction between the host and the 
insects through the intrusion on the perch process, and 
prevents the insect movement and feeding (Al-Ayedh 
1997). Identification of diversity on trichome density and 
length of soybean pod is important and could potentially as 
a source of resistance genes within soybean improvement 
against pod-feeder pests. 

The aims of this research were to identify and classify 
the diversity of trichome length and density on pods of 150 
soybean genotypes.  

MATERIALS AND METHODS  

Research materials consisted of 150 soybean genotypes. 
The field research was conducted in Muneng Research 
Station, Probolinggo (East Java, Indonesia), from February 
to June 2014. The experiment was arranged in a 
randomized block design, consisted of 150 soybean 
genotypes as treatment, each was two replicates. Each 
genotype was planted in a 1.2 m × 4.0 m plot size, 40 cm × 
15 cm planting distance, two plants per hill. Fertilizer of 
250 kg ha-1 Ponska, 100 kg ha-1 SP36 and 1 t ha-1 organic 
fertilizer were applied before sowing. Land preparation was 
zero-tillage due to the land used was previously cultivated 
with wetland rice crop. Before planting, the planting plots 
were irrigated to maintain optimum soil moisture. Weed 
control was performed at two and four weeks after 
planting. Observations were carried out on days to maturity 
(when 95% of the leaves have turned yellow), 100 seed 
weight (by weighting randomly selected 100 seeds from the 
seed lot, in gram), and seed yield (by weighting total seed 
yield per plot and was then converted to t/ha).  

At R7 stage (Fehr and Caviness 1977), one pod of each 
genotype in the third nodes was taken for measurements of 
trichome. The density and length of trichome were 
measured on adaxial and abaxial surface of the pod, 
respectively. Trichome density measurement was carried 
out on the area of 4 mm2. Observations of trichome density 
and length were performed using a binocular CX31 
microscope in Laboratory of Biology, State University of 
Malang. The grouping of the genotypes based on seed 
yield, trichome length and trichome density were 
conducted by using cluster analysis. Cluster analysis was 
performed on the Euclidean distance matrix utilizing 

average linkage method. These analyses were done using 
MINITAB software version 16 (Minitab 1998). 

The selection of trichome length and density was based 
on general average value and standard deviation (SD) of 
each parameter. The selection criteria of density and length 
of pod were as follows: 

X > ( + 1SD) = dense or long trichome 
X = ( + 1SD) = moderate trichome 
X < ( + 1SD) = sparse or short trichome 
With,  
X  = the genotype value 
  = average value 
SD = standard deviation 

RESULTS AND DISCUSSION 

Agronomic characters 
One of the main obstacles faced in improvement of 

soybean productivity in tropical area of Indonesia is the 
pest attacks. The availability of high yielding and wide 
spectrum pest resistant soybean varieties is important to 
increase the efficiency and productivity of soybean. Results 
of the present study revealed that observed agronomic 
characters were varied among the 150 soybean genotypes 
including days to maturity, 100 seed weight, and seed yield 
(Table 1) with CV value ranged from 1.03 % to 13.31%. 

 Days to maturity of the 150 soybean genotypes were 
varied from 72 to 83 days (average 77 days), 100 seed 
weight ranged from 12.50 to 23.50 g (average 16.50 g), and 
seed yield ranged from 1.51 to 4.28 t/ha (average 2.90 
t/ha). Nowadays, the soybean users in Indonesia are mostly 
prefer high yielding varieties with large seed size (> 14 
g/100 seeds) and early maturing days (<80 days). 

Pod trichome characters 
Characterization of the 150 soybean genotypes revealed 

a substantial variability in both trichome density and 
trichome length. Observation on a pod surface area 
revealed that trichome density of the evaluated genotypes 
ranged from 12 to 59 trichome/ 4 mm2 (average 27.64 
trichome/4 mm2) while the trichome length of the 
genotypes ranged from 56.9 to 176.4 μm (average 112.82 
µm) (Table 2). Observation of the trichome of the 150 
soybean genotypes showed that 66 genotypes exhibited a 
higher trichome density than the average density of the 150 
soybean genotypes. Additionally, the trichome lengths of 
75 genotypes were longer than that of the average of the 
total 150 soybean genotypes. These results demonstrate 
that soybean genotypes with dense trichome or long 
trichome are likely to be obtained from this germplasm 
collection. 

Correlation analysis revealed the absence of correlation 
between trichome density and trichome length with a 
correlation value of r = 0.057ns (Figure 1). This shows that 
of the 150 characterized genotypes, no relationship was 
found between the trichome density and length. This 
implies the low chance to obtain soybean genotypes which 
posses both dense and long trichome. 
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Table 1. Analysis of variance of yield and yield component 150 soybean genotypes in 2014 
 

Parameter Mean Square CV  
(%) Replication Genotype 

Days to maturity (days) 2.253333ns   11.266219**   1.03 
100 seed weight (g) 0.9633333ns   5.7281655**   9.02 
Seed yield (t/ha) 0.70664533*   0.26443688**   13.31 
CV = coefficient of variation, * = significant at 5% probability level (p < 0.05), ** = significant at 1 % probability level (p < 0.01), ns = 
not significant. 
 

 
Table 2. Descriptive statistics of yield component and pod trichome of 150 soybean genotypes in 2014 
 

Statistic Days to maturity 
(days) 

100-seed weight 
(g) 

Yield 
(t/h) 

Trichome 
density/4 mm2 

Trichome length 
(μm) 

Average 77.00 16.50 2.90 27.64 112.8 
Standard deviation 6.13 2.12 0.44 9.69 27.3 
Minimal 72.00 12.50 1.51 12.00 56.9 
Maximal 83.00 23.50 4.28 59.00 176.4 

 
 
 
 

 
Figure 1. Relationship between trichome length and density of 
150 soybean genotypes 
 

 
Grouping of the soybean genotypes based on pod 
trichome characters and seed yield 

Grouping of 150 soybean genotypes based on the 
trichome density, trichome length, and seed yield are 
presented in Table 3. Based on these three observed 
variables, 150 soybean genotypes were clustered into five 
groups. Group I consisted of 61 genotypes which was  
 

characterized by sparse trichome and high yield potential. 
Group II with a total of 36 genotypes was characterized by 
short trichome. Group III consisted of 41 genotypes that 
was classified as medium for trichome length, trichome 
density and seed yield characters. Group IV consisted of 
six genotypes with dense trichome, and group V also 
consisted of six groups with long trichome. 

Grouping of the 150 characterized soybean genotypes 
based on trichome length and density showed that dense 
trichome falls in the range of 45-59 trichome/4 mm2, while 
the long trichome falls in the range of 163.3 to 176.48 µm 
of trichome length. Further observation of the genotypes in 
clusters IV and V associated with some agronomic 
characters was presented in Table 4. Based on the selection 
category of the pod trichome density, three genotypes with 
dense trichome were selected. These genotypes have days 
to maturity ranged from 75-80 days and the seed size 
ranged from 14.50-18.5 g/100 seeds. Three soybean 
genotypes were also selected for their long trichome 
character. These genotypes have days to maturity ranged 
from 75-79 days and seed size ranged from 14.50-17.00 
g/100 seeds. This means that these six genotypes are 
classified as early maturing and relatively large seed size 
soybean genotypes. 

 
 
 
Table 3. Grouping of genotypes based on yield, trichome length and density of 150 soybean genotypes in 2014  
 

Cluster No. of 
genotypes 

Range of values 
CharacteristicYield 

(t/ha) 
Days to maturity 

(day) 
100 seed weight

(g) Trichome density/4 mm2 Trichome length  
(μm) 

I 61 1.51-4.28 72-83 13.50-23.50 13-14 92.79-125.52 Sparse trichome
II 36 2.25-3.36 73-83 14.00-21.50 14-43 56.94-94.97 Short trichome 
III 41 2.16-3.46 73-83 13.50-19.00 12-44 126.88-154.66 Moderate 
IV 6 2.63-3.55 75-80 14.50-18.50 45-59 92.20-110.88 Dense trichome 
V 6 2.25-3.27 75-79 14.50-17.00 15-47 163.34-176.48 Long trichome 
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Table 4. Selection of genotypes within cluster IV (dense trichome) and cluster V (long trichome) and their agronomic characters in 2014 
 

Genotype Days to maturity 
(days) 

Seed weight 
(g/100 seed) 

Yield 
(t/h) 

Trichome 
density/4 mm2 

Trichome length 
(µm) 

G 511 H/Anj//Anj///Anj////Anjs-2-5 75 f 15.00 cd 2.81 abcd  45  108.06 
G 511 H/Anjasmoro//Anjasmoro-2-8 76 ef 17.00 bcd 3.18 ab  47  163.35
G 511 H/Arg//Arg///Arg///Arg-12-15 75 f 18.50 b 3.00 abcd  53 *)  92.21 
G 511 H/Arg//Arg///Arg///Arg-19-6 75 ef 16.00 bcd 3.27 ab  26  164.74  
G 511 H/Arg//Arg///Arg///Arg-19-7 75 f 14.50 d 3.55 a  59 *)  110.31 
L.Jtg/Sbg//Burangrang-10 75 ef 15.50 cd 2.81 abcd  39  174.00 **) 
Wilis x Grobogan-11 77 cd 16.00 bcd 2.34 cd  15  164.60  
G 511 H/Anj//Anj///Anj////Anjs-6-13 78 bc 17.50 bc 2.63 bcd  48   110.88 
G 511 H/Anjasmoro//Anjasmoro-5-6 78 bc 15.50 cd 2.25 d  23  176.48 **) 
G 511 H/Anjasmoro//Anjasmoro-2-22 76 de 16.50 bcd 2.72 bcd  45   101.85 
G 511 H/Anj//Anj///Anj////Anjs-6-2 80 a 16.00 bcd 3.36 ab  53 *)  106.65 
G 511 H/Anj//Anj///Anj////Anjs-5-4 79 ab 14.50 d 3.08 abc  25  170.59 **) 
Check varieties: Argomulyo 73 g 15.00 cd 3.08 abc  24  134.56 
                          Grobogan 73 g 23.50 a 3.28 ab  16  113.34 
Note: Values within the same column followed by the same letter are not significantly different at the 0.05 level according to LSD test. 
The selection of trichome length and density was based on general average value and standard deviation of each parameter: *) = selected 
in cluster IV (dense trichome), **) = selected in cluster V (long trichome) 
 
 
 
 
Discussion 

Trichome are potentially be used as a form of plant 
defense against pests in soybean plant. In Indonesia, 
soybeans are mostly cultivated in the dry season, and yield 
losses due to pod-feeding pests are greater than that caused 
by leaf-eating pests. The soybean pod feeders are grouped 
into pod sucking insects (Nezara viridula L., Piezodorus 
hybneri Gmel., and Riptortus linearis F.) and pod borers 
(Etiella zinckenella Tr. and E. hobsoni Butler). Until now, 
soybean cultivation practices at the farmer’s level are 
mostly relying on the use of insecticides as pest control 
measure. This is due to the fact the pest resistant soybean 
varieties are not available yet at the moment. 

Trichome orientation varies among soybean genotypes, 
thus providing the opportunity to perform selection to 
obtain soybean genotypes with dense and/or long trichome. 
Development of soybean varieties that are resistant to pod 
feeder is highly dependent on the availability of sources of 
gene(s) determining the resistance and the effective and 
efficient selection methods employed. Various studies 
showed that antixenosis resistance can be improved by 
increasing the length and density of pod trichome. In this 
study, we successfully obtained six soybean genotypes with 
long trichome (163.3-176.4 µm) and also identified six 
genotypes with dense trichome (45-59/4 mm2) but none of 
these genotypes was found to have both dense and long 
trichome. There are two possibilities for utilizing these 12 
soybean genotypes: (i) the genotypes are used as a source 
of genes for improvement of soybean resistance to pod-
feeding pests through increasing the trichome density or 
length, or (ii) if one of the 12 genotypes has high yield 
potential, it can be proposed to be released as new soybean 
variety. 

Trichome is physical parameter, which has the potential 
to be used as a mechanical barrier against insect pest 
infestations (Tingey 2001; Haq et al. 2013). Glas et al. 
(2012) studied the relationship between the plant glandular 
trichome with the resistance to herbivore insects and stated 

that the glandular trichome was potentially be used as plant 
defense against herbivore, especially in the Solanaceae 
plant groups. Furthermore, glandular trichome can be 
improved through classical breeding for crop protection 
purposes. Hulburt et al. (2004) examined the relationship 
between trichome with a various leaf-eating pests, and 
reported that the sharp pubescence tip was significantly 
capable of reducing levels of leaves defoliation by insects. 
It was then concluded that sharp tip pubescence could 
potentially be used as a character to increase the soybean 
resistance against various leaf-eating pests. The density of 
glandular trichome had negative effect on the decreasing 
oviposition process, but on the contrary, it had a positive 
effect in trapping the pest population (Oriani and Vendrami 
2010). 

Several researchers found that denser and longer 
trichome could act as a morphological defense. Suharsono 
and Sulistyowati (2012) found two soybean genotypes with 
dense trichome (IAC 100 and IAC 596-2) became 
susceptible to pod sucking bug if the trichome were 
eliminated. This is reasonable because the trichome act as a 
barrier to pest stylet for piercing the soybean pod. In the 
pod borer pests, research by Susanto and Adie (2008) 
revealed a positive correlation between the trichome 
density and the number of eggs with damage intensity in 
both soybean pods and seeds; meanwhile the trichome 
length had a positive correlation with the damage intensity 
of seeds and pods. Different results were found in studies 
conducted by Permana et al. (2012), where number of eggs 
and oviposition preferences were found to be not correlated 
with trichome density and trichome length. It is, therefore, 
interesting to further examine the results of these two 
contrasting research conclusions. Trichome has different 
roles in the pod borer, depending on the biological phase of 
the pest. Moreover, trichome becomes a favorite place for 
pod borer to perform egg laying. However, the larvae of the 
pod borer will be hindered if the soybean pod has a dense 
trichome as well as long trichome. 
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Until now, soybean varieties relatively resistant to pod-
attacking pests have not been released yet, especially for 
resistance to pod sucking and pod borer pests, respectively. 
Of the three soybean genotypes classified as having dense 
trichome, the genotype G511H/Arg//Arg///Arg///Arg-19-7 
had seed yield of 3.55 t/ha, days to maturity of 75 days and 
100 seed weight of 14.50 g/100 seeds. The seed yield of 
this genotype was higher than that of the check varieties as 
well as the average seed yield of the 150 genotypes. Of the 
three genotypes classified as having long trichome, the 
genotype G511H/Anjasmoro//Anjasmoro-5-6 had a seed 
yield of 2.81 t/ha but was lower than the check varieties as 
well as the average seed yield of the 150 evaluated 
genotypes. The agronomic characters of these genotypes 
were early maturing day and large seed size. In Indonesia, 
the farmer’s are mostly prefer soybean variety with high 
yield, early maturing (<80 days) and large seeded (> 14 
g/100 seeds). The availability of soybean varieties with 
dense trichome or long trichome, coupled with high seed 
yield, are important to minimize the yield loss due to pod-
feeding pests, and this will potentially reduce the use of 
chemical insecticides. 

From the present study results, it can be concluded that 
the chance to obtain soybean genotypes that have both 
dense and long trichome is very low. Two selected soybean 
genotypes, i.e. G511H/Arg//Arg///Arg///Arg-19-7 with a 
dense trichome and G511H/Anjasmoro//Anjasmoro-5-6 
with a long trichome, can be used as genes sources to 
produce soybean varieties that are resistant to pod-feeder 
pests through increasing the density or length of trichome. 
These genotypes had early days to maturity, which suited 
the tropical climate of Indonesia.  
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Abstract. Adel MN, Daryaei MG, Pashaki MS, Jalali J, Kuhestani JS, Jiroudnezhad R. 2017. Relationship of soil physical and chemical 
properties with ecological species groups in Pinus taeda plantation in northern Iran. Biodiversitas 18: 422-426. The aim of this study 
was to investigate the relationship of physical and chemical properties of soils with ecological species groups in Pinus taeda plantation 
forests in Guilan province, Iran. For this purpose, a random systematic 100 m × 200 m grid sampling plan was used to establish 75 
sampling plots. In each plot, soil factors and percent cover of each herbaceous species were recorded. Sub-plots of 32 m2 were used for 
herbaceous species measurements. At each sampling plot, soil samples were collected in depth of 0-30cm. The result of TWINSPAN 
analysis revealed five dictinct groups. Multivariate analysis was performed through CANOCO 4.5 to explore the relationship between 
soil factors and plant community. Results showed that the most important soil factors in these communities were N, P, K, OC, Ca, Mg, 
TNV, pH, SP, soil texture (clay, sand, silt) and EC. The results indicated that the physical and chemical soil characteristics have a 
significant role in the growth and distribution of plant communities in the study area. 

Keywords: Pinus taeda, plantation, soil properties, vegetation 

INTRODUCTION 

Much evidence has indicated that soil factors have 
greater impact on distribution and diversity of plant species 
and communities compared with climatic factors (Griffiths 
2006). Soil factors directly affect survival and growth of 
different plant species and control distribution of these 
species (Erfanzade & Alemzade Gorji 2011). Vegetation 
structure is formed based on the effect of various factors 
(e.g. climate, topography, parent rock and biological 
agents) on vegetation and soil and based on a certain 
relationship between these factors in a particular 
environment. Therefore, understanding the trend of 
changes in an ecosystem and its components, especially 
plants and soil, is an important tool for proper management 
in terms of conservation, restoration, modification, 
development and sustainable exploitation of natural 
resources, which allows access to optimal scientific and 
practical strategies for implementation of more systematic 
and accurate management practices in natural resources 
(Tatian et al. 2011). 

Description and analysis of vegetation rely on 
ecological aspects within an ecological framework, which 
allow proper understanding of changes in vegetation and 
distribution of plant species. Therefore, vegetation is 
discussed as an integral part of any ecosystem (Jafarian et 
al. 2011). Plant sociology is essential for identification and 
detection of an environment, uniformity and non-
uniformity of that environment, identification of plant 
communities and the relationships between plant species 

(Taghipour et al. 2011). Each plant community 
encompasses a set of species with similar ecological 
aspects and needs, which is influenced by complex 
environmental conditions. Each community selects a 
certain habitat. The presence of indicator species are 
significantly dependent on soil properties. Herbaceous 
species are used as indicators to determine the quality of 
ecosystems (Mataji et al. 2009). 

Since the plants coexist in a community and plants and 
other components are closely interrelated in an ecosystem, 
it is inevitable to understand the relationship between 
vegetation and environmental factors due to important role 
of plants in balance of an ecosystem as well as direct and 
indirect exploitation of plant species by human populations 
(Moradi & Ahmadipour 2006). Plant communities are not 
randomly created. There is a high correlation between plant 
communities and their surrounding environment. Structure 
and composition of plant communities are greatly 
influenced by environmental factors (Garcia et al. 2007). 

Several studies have been conducted in this context 
which some are mentioned here. A study was conducted on 
the reaction of pine, spruce and Douglas-fir to soil nutrients 
in southern Germany. It was found out that nitrogen, 
phosphorus, potassium and calcium play an important role 
in growth of the above species (George et al. 1997). 
Another study was conducted on biomass and soil nutrients 
of stands of pine, spruce and fir in Minnesota in USA. It 
was found that soil nutrients had similar effects on the three 
masses of soil (Perala and Alban 1982). Another study was 
conducted on the relationship between ecological species 
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and soil factors in a Ponderosa Pine Forest in Arizona. It 
was found out that total nitrogen, organic carbon and soil 
texture were the most important soil factors that affect the 
twelve ecological species (Abella and Covington 2006). 
Aghaei et al 2013) examined the relationship between 
ecological species and environmental factors in forests in 
Yasouj. It was found out that the percentage of litter, 
altitude and slope affect both separation and distribution of 
ecological groups in the study area. Pourbabaei et al. 
(2010) conducted a study in Qalarang forest in Ilam. It was 
found out that nitrogen, phosphorus, potassium, bulk 
density, acidity, altitude and clay percent are effective in 
development of five ecological groups. Another study was 
conducted in China where humidity, salinity, acidity and 
nutrients were the most important factors in control of plant 
communities (Yibing2008). Study area includes plantation 
of pure non-native species in a loblolly pine forest in Rasht 
Town. However, no similar study was conducted on its 
understory species. The present study aimed to determine 
ecological species groups and their relation with soil 
physical and chemical properties in Pinus taeda plantation 
in Saravan forest at northern Iran. 

MATERIALS AND METHODS 

Study area 
Study area was located on Saravan forest between 

Rasht and Roodbar at 37°5′35″ north and 49°24′29″ east in 
Guilan Province in northern Iran. Non-native conifer 
species of loblolly pine were planted in this area. This was 
a pure peer forest to the old forest in terms of topography 
(e.g. slope, direction of slope and elevation). Native 
broadleaf species of Pterocarya fraxinifolia, Parrotia 
persica, Gleditschia caspica, Prunus divaricata, Alnus 
glutinosa and Quercus castaneifolia were found in this area 
in the past, which were destroyed due to indiscriminate 
exploitation. Elevation varied from 50m to 250m. Mean 
slope was 5% at northern direction in the study area. Total 
annual precipitation was 1374.4mm and mean annual 
temperature was 15.9°C. The highest amount of 
precipitation was recorded at October (218.6mm) and the 
lowest precipitation was recorded at June (39.5mm). The 
highest temperature was recorded at July (20.38°C) and the 
lowest temperature was recorded at February (2.34°C). 
According to Emberger climate index, this was locality 
belongs to a highly humid land. Siltstone and sandstone 
were parent rock materials. Depth of plant root varied from 
60cm to 70cm (Sedighi Pashaki2011). 

Data collection 
An area consisting of hand-planted conifer forests (150 

hectares) was selected. In addition, 75 plots with 100 x 200 
meter grid sampling were implemented to determine 
coverage percent of plant species. Minimum area was used 
to determine the size of sample plots in an herbaceous layer 
(minimum area = 32m2). Domin criteria was calculated to 
estimate coverage percent. Three soil sample were 
collected from the center and surrounding area of each plot 
at a depth of 0-30cm after removing litter from the plots. 

The combined sample as a soil sample was transferred to a 
laboratory where organic carbon was measured based on 
Walkley-Black Method (Walkley and Black 1934). 
Absorbable phosphorus was measured using Olsen method 
with a spectrophotometer (Olsen et al. 1954). 
Exchangeable calcium and magnesium were determined 
using Complexometry Method. The extracts were prepared 
using normal ammonium acetate (Ali Ehyayi and 
Behbahani Zadeh 1993). Soil total nitrogen was determined 
using Kjeldahl Method (Bremner 1996). Available 
potassium was measured with ammonium acetate 
extraction methods using flame photometer (Soil Survey 
Staff 1984). Soil texture was determined using a 
Bouyoucos Hydrometer (Bouyoucos 1962). Based on the 
theory of changes in bulk density (weight per unit volume) 
of mixture of soil and distilled water during deposition 
(Gharavi Manjili et al. 2009). Also, the percent of saturated 
humidity of each sample was measured. Soil acidity was 
determined using electrical pH meter with a mixture of soil 
and distilled water at a ratio of 1 to 2.5. The percentage of 
total neutralizing value known as TNV was measured by 
titration. Soil electrical conductivity was determined using 
electrical conductivity meter in the mixture of soil and 
distilled water at a ratio of 1 to 2.5 (Gharavi Manjili et al. 
2009). 

Data analysis 
Two-way indicator species analysis with the computer 

program known as TWINSPAN based on default cross-
section of the program was used to classify 75 plots and 
determine ecological species groups. Indicator species of 
each ecological species group were determined by 
Indicator Species Analysis known as the ISA. ISA and 
TWINSPAN analysis were performed using PC-ORD for 
win. Version 5 (McCune & Mefford2006). DCA analysis 
was used to calculate the gradient to determine whether to 
use linear or non-linear methods. RDA method was used to 
examine the relationship between vegetation and soil 
variables. DCA and RDA were performed using CANOCO 
4.5 (Ter Braak1998). ONE-WAY ANOVA and Tukey test 
were used to compare the ecological groups in terms of 
physical and chemical properties of the soil. Data normality 
was examined using Kolmogorov - Smirnov test. For this 
purpose, IBM SPSS version 22 was used. 

RESULTS AND DISCUSSION 

Results 
TWINSPAN analysis was closed on the three level. In 

the first level, 75 sample plots with eigenvalue of 0.282 
were divided into two groups, one consisting of 40 
individuals with indicator species of Asplenium adianthum-
nigrom L. and Urtica dioica as negative group and another 
one consisting of 35 individuals with indicator species of 
Pteridium aquilinum (L.) Kuhn and Erigeron hyrcanicus as 
positive group. At the second level, 40 sample plots with 
eigenvalue of 0.301 were divided into two groups, one 
consisting of 24 individuals with indicator species of 
Helianthus annus as negative group and another one 
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consisting of 16 individuals with indicator species of 
Crataegus microphylla as positive group. In addition, 35 
sample plots with eigenvalue of 0.247 were divided into 
two groups, one consisting of 22 individuals with indicator 
species of Coix lacryma-jobi L. and Fragaria vesca as 
negative group and another one consisting of 13 individuals 
with indicator species of Pteris dentate Forssk as positive 
group. In the third level, only 24 sample plots with 
eigenvalue of 0.351 were divided into two groups, each 
consisting of 13 individuals with indicator species of 
Smilax excelsa as negative group and another one 
consisting of 11 individuals with indicator species Viola 
odorata as positive group. As a result, five groups can be 
distinguished based on TWINSPAN classification. 

The first group included 13 sample plots with indicator 
species of Carex sp., Viola odorata and Asplenium 
adianthum-nigrom L. The second group included 11 
sample plots with indicator species of Oxalis acetocella, 
Pteris dentate, Pteridium aquilinum (L.) Kuhn and 
Polygonum hyrcanicum. The third group included 16 
sample plots with indicator species of Smilax excelsa and 
Urtica dioica. The fourth group includes 22 sample plot 
with indicator species of Helianthus annus and Fragaria 
vesca. The fifth group included 13 sample plots with 
indicator species of Oplismenus undulatifolius, Crataegus 
microphylla and Ruscus hyrcanus (Figure 1). 

DCA analysis showed that the gradient is less than 3. 
Thus, ordination method based on linear relations known as 
RDA was used. For this purpose, the first and the second 
axes of RDA with the highest eigenvalues  (0.483 and 
0.307 respectively) were used. In total, 70.6% of total 
variance was explained by the first and the second axes. 
The results of RDA analysis revealed that calcium, 
magnesium, acidity and total neutralizing value were the 
most important and effective factors in the first group. 
Nitrogen, phosphorus, potassium, organic matter content, 
magnesium and gravel were the most important and 
effective factors in the second group. The third group is 
highly correlated with soil salinity and saturated humidity 
percent. The fourth group is highly correlated with clay soil 
and the fifth group is highly correlated with silty soil 
(Figure 2). 

The results of comparison between the groups showed 
that the highest pH and TNV belonged to the first group 
and the lowest pH and TNV belonged to the fourth group. 
The highest amount of calcium belonged to the first group 
and the lowest amount of calcium belonged to the third 
group. The highest amounts of N, P, K and organic carbon 
belonged to the second group and the lowest amounts 
belonged to the fifth group. The highest amount of 
magnesium belonged to the first and second groups and the 
lowest amount of magnesium belonged to the fifth group. 
The highest values of EC and SP belonged to the third 
group and the lowest values of EC belonged to fourth and 
fifth and the lowest values of SP belonged to the first, 
fourth and fifth groups. The highest amount of silt 
belonged to the fifth groups and the lowest amount 
belonged to the second group. The highest amount of clay 
belonged to the fourth group and the lowest amount 
belonged to the first, second and fifth groups. The highest  

 
Figure 1. Determination of ecological species group using 
TWINSPAN method 
 

 

 
 
Figure 2. Relationship between ecological species groups and soil 
factors using RDA ordination 
 

 
 
Table 1. Comparison of soil physical and chemical characteristics 
between ecological species groups 
 

Unit  Group 
1 

Group 
2 

Group 
3 

Group 
4 

Group 
5 

pH 6.63a 6.06b 5.45c 5.17d 5.55c 
EC (ds.m) 0.025b 0.031b 0.067a 0.014c 0.014c 
OC (%) 5.09b 6.95a 3.49c 3.59c 2.96d 
N (%) 0.43b 0.63a 0.29c 0.3c 0.25d 
P (mg/kg) 65.49b 70.97a 32.63c 27.87c 24.24d 
K (mg/kg) 194.96b 202.48a 94.67c 85.06c 79.51d 
Ca (mg/kg) 19.35a 15.9b 7.75e 8.95d 10.45c 
Mg (mg/kg) 7.03a 7.25a 2.17b 3.6b 1.7c 
TNV (%) 5.75a 4.5b 0.25d 0.12e 1.62c 
Sand (%) 41b 51a 27.5c 24.5c 25.75c 
Silt (%) 34c 24e 40.5b 29.5d 48.75a 
Clay (%) 25c 25c 32b 46a 25.5c 
S.P. (%) 48.65c 49.52c 62.46a 55.47b 49.15c 
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amount of sand belonged to the second group and the 
lowest amount belonged to the third, fourth and fifth 
groups (Table 1). 

 

Discussion  
Soil pH was one of the effective factors in distribution 

of the first ecological species group. The results showed 
that this group is established in the soils with high and 
close to neutral acidity. This is mostly important due to 
presence of such elements as calcium, magnesium and total 
neutralizing value, which greatly increase soil acidity. On 
the other hand, saturated humidity percentage in this group 
was less than other groups. Mohtasham Nia et al. (2007) 
reported that acidity is one of the most important factors 
affecting establishment and distribution of ecological 
species groups. Monier et al. (2006) classified 25 stands of 
plants using soil properties in Egypt. They reported that 
acidity is the most Important factor in this classification. 
Gharavi Manjil et al. (2009) reported that calcium content 
and acidity are the main factors in classification of plant 
groups in forests of Guilan. Mehrdadi (2001) also studied 
the relationship between plant groups and soil factors in 
Qom. He showed that distribution of plant species is a 
function of the amount of soil acidity. Zarei (2010) studied 
plant species distribution in Qom and highlighted the role 
of magnesium in classification of plant communities. 
Virtanen et al. (2006) performed large-scale studies in 
Eurasia and highlighted the role of acidity in classification 
of plant species. The soil in this group was less humid than 
other groups. 

The correlation of the second ecological group with soil 
chemical properties and abundant (macro) nutrients was 
positive. Nitrogen, phosphorus and potassium were the 
most important macro nutrients, which greatly contribute to 
growth of plant species. The amount of soil organic carbon 
in this group was higher than other groups. The second 
species group was established in the soils with high sand. 
Shokri et al. (2003) studied ecological vegetation of Hezar 
Jarib region in Behshahr and reported that such soil factors 
as percentage of sand are effective in distribution of plant 
communities. Mataji et al. (2009) studied Kheyrud Forest 
in Noshahr and highlighted the role of sand, nitrogen and 
phosphorus in development of plant communities in the 
north of Iran. Eshaghi Rad et al. (2009) also studied 
Kheyroud forest in Noshahr and reported that nitrogen, 
phosphorus, organic carbon and potassium are the most 
important factors in development of plant communities in 
northern forests. Similar study was conducted in Taleghan 
where potassium and sandy soil were the most important 
factors in classification of plant communities (Piry 
Sahragard et al. (2011). Mohsennezhad et al. (2010) 
studied Haraz highlands in Amol and showed that 
phosphorus, potassium, and sand contribute to 
classification of plant groups. Sandy soil is less prone to 
salinity due to easier leaching and larger pores (Shokri et 
al. 2003). Jafarian et al. (2011) studied the role of nitrogen, 
phosphorus, carbon and potassium in classification of plant 
communities in Semnan. 

The third group was established in the regions with 
higher electrical conductivity than other regions. The third 
plant species group fitted this soil characteristic. On the 
other hand, saturated humidity percentage was higher in 
this group than other groups. Toranjzar et al. (2011) 
showed that electrical conductivity plays an important role 
in determining ecological groups in Arak. Roody et al 
(2012) showed that saturated humidity percent and 
electrical conductivity were the most important and 
effective soil factors in determining ecological species 
groups in northern Sisangan forests in Noshahr. 
Schoenholtz et al. (2000) showed that electrical 
conductivity plays an important role in determining plant 
communities. Zare Chahooki et al. (2008) showed that 
humidity and electrical conductivity are effective factors in 
distribution of plants in Yazd Province. Jafari et al. (2009) 
showed that percent of SP is an important and effective 
factor in ecological species groups in Qom. 

The fourth group was established in clay soils and the 
fifth group was established in silty soils. Acidity and 
nutrients in these two groups were less than other groups. 
Liu et al. (2005) showed that clay soil is an important 
factor in classification of plant communities in conifer 
forests in China. Gavili Kilaneh & Vahabi (2012) 
highlighted the role of clay in classification of plant 
communities in Fereydunshahr Highlands of Iran. Gorgin 
Karaji et al. (2006) showed that some plant species select 
the areas with high clay or silt contents and less acidity 
compared to other areas in Saral in Kurdistan, west of Iran. 
Eshaghi Rad et al. (2009) introduced clay along with macro 
nutrients as the important factors in development of plant 
communities in northern forests in Kheyroudkenar, 
Noshahr. Zolfaghari et al. (2010) reported that clay and silt 
are the most important and effective factors in 
classification of plant communities in Plour in Amol of 
Iran. Soil texture is effective in plant distribution due to 
humidity, soil water holding capacity, the cycle of 
nutrients, aeration and depth of roots (El-Ghani 2003). 

In general, the results of this study showed that physical 
and chemical properties of the soil are effective in growth 
and distribution of plant communities in the study area. It is 
important to identify effective factor in plant growth for 
accurate and systematic management of afforestation in the 
study area with the purpose of successful growth and 
proper ecological compatibility of the plant species. It is 
essential to include identification of the effective factors in 
plant growth in future plans and objectives in addition to 
soil properties. 
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Abstract. Mursyidin DH, Nazari YA, Daryono BS.2017. Tidal swamp rice cultivars of South Kalimantan Province, Indonesia: A case 
study of diversity and local culture.Biodiversitas 18: 427-432.Traditional rice (Oryza sativa L.) cultivars may become an indispensable 
part of the local culture and traditions of rice-growing people across Asia over many generations. The existence of this germplasm in the 
tidal swamp area of South Kalimantan Province, Indonesia has been observed morphologically and showed a close relationship with the 
local culture. A total of forty (40) traditional rice cultivars with different morphological characteristics have been found in this country, 
and still preserved sustainable by the local farmers along with their local culture and traditions. The tradition of 'wadai 41' may become 
a good example for this relationship. In this tradition, some traditional foods are made by the local people and use some of the local rice 
as basic ingredients. This information may be useful as guidance for conservation and rice breeding programs in the future. 

Keywords: Oryza sativa, genetic diversity, traditional cultivar, local culture, tidal swamp area 

INTRODUCTION 

Tidal swamp area of South Kalimantan Province, 
Indonesia is a habitation of various plant species, including 
traditional rice cultivars (Khairullah et al. 1998). Hundreds 
of this germplasm found in this region and some of them 
show important traits for future breeding (Wijaya et al. 
2007). In general, traditional rice cultivar contained several 
important genes related to acidity tolerance, salinity, and 
metals contamination (Ogunbayo et al. 2007). Further, this 
germplasm is shaped for a long time by the interplay 
between farmer selection and adapted to the local 
conditions (Sanghera et al. 2013). Hence, its becomes an 
indispensable part of the local culture and traditions of rice-
growing people across Asia over many generations 
(Thomson et al. 2009). However, most of this germplasm 
are not well-characterized and now being replaced 
(disappeared) by the adoption of high yielding varieties 
(HYVs) (Iskandar and Ellen 1999). Thus, various efforts to 
preserve, maintain, characterize, and improve this 
germplasm are important to be undertaken. 

An intensive study concerning the impact of farmer 
practices on preservation, exchange, and continuing 
development of traditional rice cultivars will be the most 
important task to hold the rice breeding programs in the 
future (Ogunbayo et al. 2007). Similarly, a detailed study 
of the genetic diversity of this germplasm, particularly on a 
local scale is a significant means to hold the rice breeding 
programs as well (Thomson et al. 2009). Nevertheless, the 
complex interaction between rice diversity and human 

cultivation practices, including local culture and tradition 
are not being revealed. Thus, this study focused on 
explored and assessed the interaction between the rice 
diversity to the local culture or customs at a tidal swamp 
area of South Kalimantan Province, Indonesia. Consequently, 
the complex interaction between that diversity and their 
local cultures would be better understood.  

In this study, we are interested in discussing several 
issues related to the complex interaction between rice 
diversity and their local cultures. Those issues are (i) How 
long rice germplasm in this region cultivated by the local 
people?; (ii) How these cultivars reflected the ethnic 
history, cultural preferences, and production practices by 
the local farmers?; (iii) Which specific characters of 
cultivars selectively maintained and valued by the local 
cultures?; How do farmers decide to cultivate this 
germplasm every year? Thus, our objectives studies were: 
(i) collected traditional rice cultivars from a tidal swamp 
area of South Kalimantan Province, Indonesia; (ii) gathered 
information from farmers concerning the meanings of the 
name, origin, and special use of cultivars related to the 
local culture and tradition; and (iii) characterized this 
germplasm based on morphological method. 

MATERIALS AND METHODS 

This study initiated by collecting samples from a tidal 
swamp rice-growing area in three regions of South 
Kalimantan Province, Indonesia, i.e. Barito Kuala, Banjar, 
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and Tanah Laut districts (Figure 1). Samples collection was 
conducted from March-April 2013 by random sampling 
method (Thomson et al. 2009). The trip started with down 
the road along the beach in two locations, Kurau and Bumi 
Makmur Sub-districts on the Tanah Laut District then 
continued to Aluh Aluh and Gambut Sub-districts on the 
Banjar District. Sample collection was conducted finally in 
Anjir Muara and Marabahan, two Sub-districts of Barito 
Kuala District (Figure 1, Table 1). The GPS coordinates 
recorded for each region sampling. 

In each Sub-district, seed samples were collected 
directly from the rice field when farmers have harvested 
fresh seeds and identified each cultivar based on its 
appearance. Those samples also collected from farmers 
from bags of stored grain (old seeds). At the same time, 
farmers have interviewed to gather information about the 
origins, the name, and the special uses of those cultivars, 
for example for mixed foodstuff and occasions to use rice 
products, etc. All of the collected data were arranged and 
analyzed by the following procedure of Tun et al. (2006). 
The characteristics of each rice cultivars identified by using 
grain shape, including length, width and their grain ratio. 
Those samples then classified as Indica, Japonica, or 
Javanica rice (Zhang et al. 2011). Variation of endosperm 
type was also characterized based on the rice descriptors of 
IRRI (Tran et al. 2012). 

RESULTS AND DISCUSSION 

Results 
A total of 40 traditional rice cultivars collected from a 

tidal swamp area of South Kalimantan Province, Indonesia 
(Figure 2). Those cultivars have a unique name, origins and 
morphological characteristics, as presented in Table 2. In 
general, this germplasm grouped into five main clusters, 
namely Siam, Unus, Pandak, Adil, and Bayar (Figure 3.A). 
The cultivars group of Siam and Unus were the dominants 
compared to others with the percentage of 55% and 21%, 
respectively.  
 
Table 1. Coordinate sampling locations where traditional rice 
cultivars were collected, including six Sub-districts of three 
districts in a tidal swamp area of South Kalimantan Province, 
Indonesia.  
 
Districts Sub-districts Longitude Latitude 
Barito Kuala Marabahan  03º 04’ 29.4” S 114º 37’ 20.5 E 
 Ajir Muara 03º 11 40.0” S 114º 30’ 53.9 E 
Banjar Aluh-Aluh 03º 27’ 21.5” S 114º 31’ 20.5 E 
 Gambut  03º 26’ 40.7” S 114º 35’ 06.2 E 
Tanah Laut Kurau 03º 37’ 19.8” S 114º 37’ 22.5 E 
 Bumi Makmur 03º 30’ 46.0” S 114º 37’ 43.4 E 

 
 

 

 
 
Figure 1. Sampling locations where traditional rice cultivars were collected, including six Sub-districts of three districts in a tidal 
swamp area of South Kalimantan Province, Indonesia. A. Barito Kuala, B. Banjar, C. Tanah Laut 

C 
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Figure 2. Grain features of forty (40) traditional rice cultivars collected from the tidal swamp area of South Kalimantan Province, 
Indonesia (Bar = 1 cm). Name of each cultivar are indicated in Table 2. 
 

 
A B C 

 

Figure 3. The percentage of cultivars group (A), sub-species (B), and endosperm type (C) of the traditional rice cultivars collected from 
the tidal swamp area of South Kalimantan Province, Indonesia 
 
 

 
 
Figure 4. Six traditional food (cakes) examples made by the local people of South Kalimantan Province, Indonesia. A. Apam Habang, 
B. Babungku, C. Bubur Habang, D. Cingkaruk Putih, E. Gagatas Habang, F. Hintalu Karuang (Syarifuddin 2016) 
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Table 2. Traditional rice cultivars collected from a tidal swamp area of South Kalimantan Province, Indonesia in March-April 2013, and 
its morphological characteristics 
 

Name of cultivars 
Sampling locations Group of 

cultivars

Seed Morphological Characteristics Endosperm 
type 

Sub-
species Sub-district District Grain Lenght 

(mm) 
Grain Width 

(mm) 
Ratio of Grain 
Lenght/Width 

1. Adil Ganal Aluh Aluh Banjar Adil 8.35 ± 0.20 2.25 ± 0.09 3.71 Non-glutinous Javanica
2. Banih Kuning Aluh Aluh Banjar Pandak 8.17 ± 0.27 2.82 ± 0.46 2.90 Non-glutinous Javanica
3. Banih Putih Aluh Aluh Banjar Pandak 8.35 ± 0.17 2.37 ± 0.09 3.52 Non-glutinous Javanica
4. Bayar Papuyu Aluh Aluh Banjar Bayar 7.38 ± 0.39 2.47 ± 0.13 2.99 Non-glutinous Javanica
5. Bayar Putih Aluh Aluh Banjar Bayar 8.15 ± 0.31 2.31 ± 0.18 3.53 Non-glutinous Javanica
6. Ganal Perak Aluh Aluh Banjar Pandak 7.42 ± 0.02 2.39 ± 0.07 3.04 Non-glutinous Javanica
7. Karang Dukuh Anjir Muara Barito Kuala Siam 8.88 ± 0.38 1.38 ± 0.10 6.43 Non-glutinous Indica 
8. Lakatan Wangi Aluh Aluh Banjar Pandak 9.23 ± 0.19 2.05 ± 0.04 4.50 Glutinous Javanica
9. Pandak Kambang Aluh Aluh Banjar Pandak 6.46 ± 0.18 2.25 ± 0.07 2.81 Non-glutinous Javanica
10. Pandak Laut Aluh Aluh Banjar Pandak 6.41 ± 0.07 2.39 ± 0.27 2.92 Non-glutinous Javanica
11. Pandak Putih Aluh Aluh Banjar Pandak 7.87 ± 0.42 2.49 ± 0.07 3.16 Non-glutinous Javanica
12. Siam Adil Aluh Aluh Banjar Siam 8.27 ± 0.27 2.19 ± 0.11 3.78 Non-glutinous Javanica
13. Siam Adus Aluh Aluh Banjar Siam 9.10 ± 0.20 1.99 ± 0.10 4.57 Non-glutinous Javanica
14. Siam Arjuna Aluh Aluh Banjar Siam 6.86 ± 0.17 1.68 ± 0.18 4.43 Non-glutinous Indica 
15. Siam Babirik Aluh Aluh Banjar Siam 6.42 ± 0.05 2.13 ± 0.09 3.11 Non-glutinous Javanica
 Kurau Tanah Laut       
 Bumi Makmur Tanah Laut       
16. Siam Gadis Kurau Tanah Laut Siam 7.59 ± 0.05 2.13 ± 0.01 3.56 Non-glutinous Javanica
17. Siam Halus Aluh Aluh Banjar Siam 9.24 ± 0.21 2.11 ± 0.05 4.38 Non-glutinous Javanica
18. Siam Khaidir Aluh Aluh Banjar Siam 6.74 ± 0.33 2.27 ± 0.08 2.89 Non-glutinous Javanica
19. Siam Lakatan Aluh Aluh Banjar Siam 9.47 ± 0.07 1.51 ± 0.09 6.27 Glutinous Javanica
 Bumi Makmur Tanah Laut       
20. Siam Oon Gambut Banjar Siam 6.99 ± 0.57 1.68 ± 0.18 4.49 Non-glutinous Javanica
21. Siam Orok Gambut Banjar Siam 9.23 ± 0.19 2.05 ± 0.04 4.50 Non-glutinous Javanica
22. Siam Pandak Aluh Aluh Banjar Siam 8.15 ± 0.31 2.31 ± 0.18 3.53 Non-glutinous Javanica
 Kurau Tanah Laut       
23. Siam Pandak Kambang Kurau Tanah Laut Siam 8.18 ± 0.21 2.35 ± 0.10 3.48 Non-glutinous Javanica
24. Siam Perak Aluh Aluh Banjar Siam 6.88 ± 0.15 2.07 ± 0.17 3.13 Non-glutinous Javanica
25. Siam Puntal Kurau Tanah Laut Siam 7.69 ± 0.26 1.97 ± 0,10 3.90 Non-glutinous Javanica
26. Siam Randah Kurau Tanah Laut Siam 7.70 ± 0.25 1.98 ± 0.09 3.89 Non-glutinous Javanica
27. Siam Rukut Gambut Banjar Siam 7.20 ± 0.32 1.59 ± 0.18 4.53 Non-glutinous Indica 
 Kurau Tanah Laut       
 Bumi Makmur Tanah Laut       
 Marabahan Barito Kuala       
28. Siam Saba Aluh Aluh Banjar Siam 8.74 ± 0.09 1.83 ± 0.01 4.78 Non-glutinous Javanica
 Kurau Tanah Laut       
29. Siam Sebelas Marabahan Barito Kuala Siam 6.56 ± 0.06 1.67 ± 0.10 3.93 Non-glutinous Javanica
30. Siam Tanggung Aluh Aluh Banjar Siam 7.26 ± 0.37 1.89 ± 0.30 3.45 Non-glutinous Javanica
31. Siam Unus Aluh Aluh Banjar Siam 8.26 ± 0.36 2.00 ± 0.09 4.00 Non-glutinous Javanica
32. Siam Unyil Gambut Banjar Siam 6.91 ± 0.27 1.87 ± 0.09 3.82 Non-glutinous Indica 
33. Unus Jambun Gambut Banjar Unus 7.90 ± 0.20 2.24 ± 0.11 3.53 Non-glutinous Indica 
34. Unus Jambun Putih Gambut Banjar Unus 7.55 ± 0.46 1.62 ± 0.09 4.50 Non-glutinous Indica 
35. Unus Kuning Gambut Banjar Unus 6.74 ± 0.22 1.62 ± 0.11 3.97 Non-glutinous Indica 
36. Unus Mayang Aluh Aluh Banjar Unus 8.30 ± 0.19 1.50 ± 0.03 5.53 Non-glutinous Indica 
 Gambut Banjar       
 Kurau Tanah Laut       
 Bumi Makmur Tanah Laut       
37. Unus Mayang Kuning Bumi Makmur Tanah Laut Unus 8.25 ± 0.14 1.75 ± 0.09 4.55 Non-glutinous Indica 
38. Unus Mutiara Kurau Tanah Laut Unus 9.37 ± 0.28 1.65 ± 0.52 5.68 Non-glutinous Indica 
 Bumi Makmur Tanah Laut       
39. Unus Putih Kurau Tanah Laut Unus 8.91 ± 0.50 1.85 ± 0.09 4.82 Non-glutinous Javanica
40. Unus Saba Anjir Muara Barito Kuala Unus 9.61 ± 0.14 1.55 ± 0.09 6.20 Non-glutinous Javanica
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Table 2. Traditional food (cakes) which made by the local people 
of South Kalimantan Province, Indonesia from traditional rice 
cultivar, both glutinous and non-glutinous rice 
 
Name of traditional foods Key ingredient 
Apam Habang Non-glutinous rice 
Apam Putih Non-glutinous rice 
Bubur Habang Non-glutinous rice 
Bubur Putih Non-glutinous rice 
Bubur Baayak Non-glutinous rice 
Babungku Non-glutinous rice 
Babalungan Hayam Glutinousrice 
Cingkaruk Habang Glutinousrice 
Cingkaruk Putih Glutinousrice 
Cincin Non-glutinous rice 
Cucur Habang Non-glutinous rice 
Cucur Putih Non-glutinous rice 
Cucur Kuning Non-glutinous rice 
Dodol Habang Glutinousrice 
Dodol Putih Glutinousrice 
Gagatas Habang Glutinousrice 
Gagatas Putih Glutinousrice 
Hintalu Karuang Glutinousrice 
Kakulih Habang Glutinousrice 
Kakulih Putih Glutinousrice 
Kalalapun Glutinousrice 
Lakatan Putih Bahinti Glutinousrice 
Lakatan Kuning Bahintalu Glutinousrice 
Lamang Glutinousrice 
Lupis Glutinousrice 
Nasi Kuning Banjar Non-glutinous rice 
Papudak Baras Non-glutinous rice 
Papari Glutinousrice 
Putu Mayang Non-glutinous rice 
Roti Baras Habang Non-glutinous rice 
Roti Baras Putih Non-glutinous rice 
Surabi Non-glutinous rice 
Tapai Baras Glutinousrice 
Wajik Glutinousrice 
 

 
Based on interviews with the local farmers, most of the 

traditional rice cultivars were preferred by the local people 
to create a different type of traditional foods. Some of those 
traditional foods given in Table 2 and Figure 4. From Table 
2, the glutinous and non-glutinous rice has been used 
extensively in those traditional foods. 

Discussion 
A total of 40 traditional rice cultivars collected from a 

tidal swamp area of South Kalimantan Province, Indonesia 
(Figure 2, Table 1). Most of those cultivars show a unique 
characteristic of the grain shape (Figure 2), indicating the 
high genetic diversity of the rice cultivars. From Figure 2, 
some cultivars have a long-slender grain (shown typically 
by Siam Unus and Siam Unyil cultivars), a long-thick grain 
(demonstrated clearly by Lakatan Wangi and Siam 
Lakatan), and an intermediate form (owned particularly by 
Bayar Papuyu and two Pandak cultivars). According to 
Grubben and Partohardjono (1996), cultivars with long-
slender grain can be classified into Indica sub-species, 
while cultivars with long-thick grain into Javanica sub-
species. Thus, from the morphological characterization 

(Table 1, Figure 2b), this germplasm can be classified into 
Javanica and Indica sub-species, where Javanica is more 
dominant to Indica. However, the cultivars with an 
intermediate form may confuse in their classification. 
Consequently, further verification through DNA analysis is 
required to reveal the genetic identity of this form. 

According to Khairullah et al. (2008), most of the 
traditional rice cultivars from the tidal swamp area of South 
Kalimantan Province, Indonesia contained a high 
concentration of iron (Fe) and zinc (Zn). The content of Fe 
ranging from 11-83 ppm, whereas Zn from 20-108 ppm. 
Compared to one improved rice cultivar (IR66), this 
germplasm has higher levels of both Fe and Zn content. For 
example, Siam Pandak cultivar showed the higher Fe 
content than IR66, i.e. 83 ppm and 36 ppm, respectively. 
The cultivar of Siam Panangah is also higher in Zn content 
(108 ppm) than IR66 (36 ppm Zn) (Khairullah et al. 2008). 
This information is very useful for breeders who will 
develop new rice cultivars with high levels of Fe and Zn. 

From a historical perspective, a local people of South 
Kalimantan Province, Indonesia, which dominated by 
Banjar tribes (Banjarese) have been known the traditional 
rice cultivars for a long time ago. Since 1920, the Banjarese 
has known Bayar as one of the tidal swamp rice in South 
Kalimantan (Idak 1982). A local people of this region has 
also been known three other cultivars besides Bayar, 
namely Lemo, Siam, and Pandak (Khairullah et al. 1998). 
Following the results (Table 1), Siam and Pandak are both 
the largest cultivars found in a tidal swamp area South 
Kalimantan Province, Indonesia. Following the results 
(Table 1), Siam and Pandak are both the largest cultivars 
found in a tidal swamp area South Kalimantan Province, 
Indonesia. In this study, we could not find Lemo cultivar, 
as reported by Khairullah et al. (1998), but find Adil 
cultivar, a new one. This event becomes interesting to 
study because it may reflect genetic erosion on one side 
and the genetic extension on the other side. 

Based on historical reviews as well, most of the 
traditional rice cultivars are essential materials for daily 
meals and other traditional foods of Banjarese. In the 
culture of Banjarese, there is a unique local tradition related 
to the existence of local rice cultivars, namely the tradition 
of ‘Wadai 41’. In Banjarese language, ‘Wadai’ is mean 
snack or cakes, while the number of ‘41’ may address to 
the number of food or cakes which made by the local 
people. In this tradition, some traditional foods are made by 
the local people and use some of the local rice as basic 
ingredients (see Table 2). Some historians claim that 'wadai 
41' is an old tradition before Islamic religion come to this 
region and originated from Hindu’s ritualism. The local 
people believe that this tradition can repel the demons. The 
traditional food also symbolized the spiritual values in their 
daily life. For example, white foods symbolize a kindness, 
while red symbolized a braveness (Syarifuddin 2016). 
Thus, we can infer that the existence of rice diversity is 
close related to the local cultures of the region. 

In other parts of Indonesian country, typically in the 
western interior of Java Island, Iskandar and Allen (1999) 
studied intensively about the relationships between the 
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existence of traditional rice cultivar to the local culture of 
Baduy people. The results showed that the local tradition of 
Baduy people has a great contribution to the existence of 
this germplasm. Tunt et al. (2006) reported that traditional 
rice cultivar still conserved in Myanmar because of its 
diverse utilization of the local traditions. Rahman et al. 
(2006) and Umadevi et al. (2012) reported that traditional 
rice cultivar in India is maintained sustainably because of 
its potential benefits, such as medicinal and nutritional 
values. Thus, information related to this topics is important 
for breeders to make conclusions for conservation strategy 
and rice breeding program in the future.  
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Abstract. Suharno, Soetarto ES, Sancayaningsih RP, Kasiamdari RS. 2017. Association of arbuscular mycorrhizal fungi (AMF) with 
Brachiaria precumbens (Poaceae) in tailing and its potential to increase the growth of maize (Zea mays). Biodiversitas 18: 433-441. 
The role of Arbuscular Mycorrhizal Fungi (AMF) in the process of rehabilitation of degraded land is very important, including the 
handling of sand tailings. In the rehabilitation process, utilizing the AMF isolates from the tailings area will be easier to adapt to the 
habitat that will be rehabilitated. The purpose of this study was to determine AMF that associated with Brachiaria precumbens 
(Poaceae) derived from the tailings area in Timika, Papua, and its potential to the growth of maize (Zea mays). The methods used to 
determine the presence of AMF were a survey and wet sieving methods, while the calculation of percent colonization was done by slide 
method. The compatibility test and effectiveness of AMF inoculation on the maize growth were conducted by completely randomized 
design (CRD) with 4 treatments: M0: control (without mycorrhiza); M1: Clariodeoglomus etunicatum BGR; M2: C. lamellosum 
L1A01S; M3: C. etunicatum L3A12D each with eight replications. The results showed that the presence of the AMF in the rhizosphere 
of B. precumbens was found in the tailings deposition area Modified Ajkwa Deposition Area (ModADA) of a gold mine in Timika. 
AMF percent colonization at the root reached 73.3%, while the number of spores in the rhizosphere was 8-25 per 10 g samples of soil 
and increased to reach an average of 49.6 spores per 10 g soil samples by trap methods. Based on the morphological identification, AMF 
found in the B. precumbens rhizosphere were identified as genus Glomus, Scutellospora, Acaulospora, and Claroideoglomus, whereas 
based on molecular identification, two isolates (L1A01S and L3A12D) were identified as C. lamellosum L1A01S and C. etunicatum 
L1A12D. The compatibility test showed that the AMF was able to increase the growth of maize, and significantly affected plant height, 
leaf area, and relative growth rate. C. lamellosum L1A01S derived from the tailings had a better effect than C. etunicatum L3A12D and 
C. etunicatum BGR.  

Keywords: Arbuscular Mycorrhizal Fungi, Brachiaria precumbens, tailings, Timika, Zea mays 

INTRODUCTION  

Association of arbuscular mycorrhizal fungi (AMF) 
(Phylum Glomeromycota) with plants is very important in 
the ecosystem (Brundrett and Ashwath 2013; Souza 2015). 
AMF is one group of fungi which were found scattered in a 
variety of habitats (Brundrett 1991; Bordoloi et al. 2015; 
Souza 2015; Pagano and Gupta 2016), including the 
tailings (Suharno et al. 2014, 2016). These fungi become a 
key success in improving the growth of plants (Smith and 
Read 2008; Abiala et al. 2013; Aguacil et al. 2014) and 
rehabilitation (Cabral et al. 2015; Gosling et al. 2016). 
Tailing is mine waste material and it needs a place to 
waste, called tailing land. Adverse effects of tailings are the 
change of an area used as a location for deposition. 

Gold mining activities in Timika are located in the 
highlands (2500 m above sea level), while the tailings are 
deposited on the Ajkwa river (below 30 m asl), which is a 
Modified Ajkwa Deposition Area (ModADA). The land 
area of the tailing deposition as the result of the company's 

activities in Timika metal ore processing is 23,000 hectares 
or 230 km2 (Puradyatmika and Prewitt 2012), whereas, it is 
of approximately 220 km2 in the estuary area (PTFI 2007). 
Every day, the company is able to process approximately 
220000-240000 tons of material from the activities. Only 
about 3% of them contains concentrates of gold, copper, 
and silver, while the remaining 97% is only sand tailings 
that should be discarded and will not be used optimally 
(Suharno et al. 2014, 2016).  

To do the rehabilitation on tailing land, the appropriate 
technology is required, so it will produce the maximum 
results (Khan 2006; Suharno and Sancayaningsih 2013). 
Local plants and microorganisms of the local area can be 
used as materials in the revegetation process. This process 
will minimize the changes in the existing ecosystem (Khan 
2005; Hu et al. 2013; Toju et al. 2014). Brachiaria 
precumbens (Poaceae) is one of the local plant species that 
grows well in the tailings area in Timika (Suharno et al. 
2014). This plant can be used as an alternative in the 
rehabilitation process. To improve growth performance, 
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AMF is required, because it was able to grow and 
contribute to an increase in growth of plants.  

The utilization of local AMF (native AMF) for land 
reclamation needs a test on compatibility and effectiveness 
on the plants. Plants used are the types that will be used 
directly or will be combined with other vegetation 
(Suharno and Sancayaningsih 2013). The aim is to see the 
influence of AMF in the improvement of plant growth. The 
purpose of this study was to determine the association of 
AMF with B. precumbens plants originating from the 
tailings area in Timika, Papua, and its potential to the 
growth of maize. This local AMF is expected to play a role 
in increasing crop growth so that the process of land 
reclamation can be achieved with the maximal outcome.  

MATERIALS AND METHODS 

Study area 
This study was conducted in November 2014 to August 

2016. Sampling was from the tailings area, namely 
Modified Ajkwa Deposition Area (ModADA) of PT. 
Freeport Indonesia (PTFI) on the West of the old and new 
embankment (double levee) of Timika, Mimika District, 
Papua (Figure 1). Sampling sites are at coordinates S: 
04o29'50.9" and E: 136o54'02.3" until S: 04o34'14.0" and E: 
136o54'11,7" between 24-28 miles (km 15 to 18). West 
levee bordering the town of Timika is made of two dams, 
the old levee bounds the City from Ajkwa river, while the 
new levee restricts the expansion of the material deposition 
from Otomona River which flows into the Ajkwa River. In 
the double embankment area, there are several  locations  

covered by vegetation, either as a result of a succession of 
natural or as an artificial reclamation. A total of 300 g soil 
samples were cultured in a mixture media of zeolite : sand 
(3: 1; v: v) in pots with a capacity of 3 kg using Shorgum 
bicolor seeds as host plants.  

The presence and symbiosis of AMF 
The presence of AMF was identified by observing the 

samples of soil and roots of plants (Corkidi et al. 2008). 
The spores were observed from soil samples, whereas the 
AMF infections in plants were identified from the root. 
Samples of roots were stained with staining method 
(Giovannetti and Mosse 1980; Vierheilig et al. 2005). At 
first, the plant roots are cleaned and fixated with FAA 
solution (formalin-acetic acid-alcohol; v = 5: 5: 90) for 1 
hour, then they were soaked by KOH 10% solution for 24 
hours, followed by HCl 1% for 24 hours. After being 
washed with a solution of distilled water, the roots were 
painted with staining of tryphane blue 0.05% inside 
lactoglycerol for 24 hours (Vierheilig et al. 2005). 

To view the percentage of infection, the slide method 
was carried out (Giovannetti and Mosse 1980). Roots that 
have been colored were cut into rectangle with 1 cm long, 
30 pieces were observed microscopically (with a 
magnification of 100 to 400 times). The AMF Presence 
will be revealed by the forming structure of AMF in roots 
like intraradical hyphae, extraradical hyphae, vesicles, 
arbuscular, or spores. Mycorrhizal colonization percentage 
was calculated by the equation: 
 
% root colonization = %100

roots  observed all ofnumber The
 roots infected ofnumber  The

×
 

 
 
 
 

 
 
 
Figure 1. Area of gold mine in Mimika and tailings deposition area in Timika, Mimika District, Papua as AMF sampling locations 
(PTFI 2007) 
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The percentage of colonization was categorized by 

score (Dodd et al. 2001); score 0: uninfected AMF; Score 
1: very little infection, the percentage of infection is less 
than 1%; Score 2: a bit of infection, the percentage of 
infection ranged from 1 to 10%; score 3: some infections, 
the percentage of infection ranged from 10 to 50%; score 4: 
a lot of infection, the percentage of infection is 50 - 90%; 
and score 5: abundant infections, the percentage of 
infections is more than 90%.  

AMF spores extraction  
10 g of soil samples which were from the field or from 

trapping process were extracted gradually using wet 
screening method (wet sieving). With gradient method, 
spores from the filtering process were separated from other 
materials using sucrose 60% by centrifugation (Utobo et al. 
2011; Suharno et al. 2015). The spores as the results of 
separation process were washed with distilled water and 
observed under a lightened-microscope with a 
magnification 100-400x. The observations result was 
documented using a microscope camera (Olympus-CX21). 

Single spore propagation and AMF identification  
The determination of AMF diversity in the plant roots is 

done by observing the spores. Spores is a means of 
identification of the AMF based on morphologic 
characteristics (Souza 2015). Spores screening results need 
to be reproduced and it is done by single spore technique. 
Single spore is grown on zeolite media on a plastic petri 
dish (ɸ 9 cm, IWAKI) and uses Desmodium heterophyllum 
(Fabaceae) as host plants, while the multiplication of the 
inoculum is carried out with a plastic pot (Suharno et al. 
2015). 

 Identification of the AMF is done based on 
morphological characteristics of spores and molecular data 
(Krüger et al. 2012). Identification of the morphological 
characteristics of spores refers to Schenck and Perez (1990) 
combined with several other kinds of literature (Lee et al. 
2006; Karaarslan et al. 2015). Identification with molecular 
techniques is performed by the method of Polymerase 
Chain Reaction (PCR) with specific primer of AML1 (5'-
ATC AAC TTT CGA TGG TAG AGA GAT-3 ') and 
AML2 (5'-GAA AAA CCC TTT GGT CAC TTC C-3' ) 
using spores (Lee et al., 2008). The target of this specific 
primers is part of small subunit (SSU) with a length of 700-
800 bp on SSU rRNA gene. 

About 10-20 spores are put in a 0.2 ml eppendorf tube 
(Lee et al. 2006) which has been filled with 10 mL of TE 
buffer (Kasiamdari et al. 2002; Mathimaran et al. 2008) 
using sterile tweezers. The spores are, then, divided with 
tweezers or ose needle which pin had been flattened under 
a stereo microscope (Kasiamdari et al. 2002; Sasvári et al. 
2012). Further, it is heated at a temperature of 65 °C for 10-
15 minutes and cooled on ice for 2-3 minutes (Kasiamdari 
et al. 2002). A total of 2 µL of the DNA extract can be used as 
a template in PCR (Krüger et al., 2012; Sasvári et al. 2012). 

DNA amplification is carried out through three stages, 
namely: denaturation, annealing, and elongation. To 
undergo this process, it is used PCR mix GoTag® Green 

Polymerase (Sasvári et al. 2012). The PCR process is 
carried out under conditions of predenaturation for 15 
minutes, with temperature of 94 °C; denaturation for 0.30 
seconds, with temperature of 94 °C; annealing for 0.40 
seconds, with temperature of 58 °C; 55 seconds extension, 
with temperature of 72 °C; 5 minutes post extension, with 
temperature of 72 °C in 30x cycles. The sequencing of 
PCR results was performed at the First Base Laboratories 
Sdn Bhd (1st BASE) Malaysia. To determine the type of 
AMF, the BLAST is conducted via 
http://blast.ncbi.nlm.nih.gov/Blast.cgi website. 

AMF effectiveness test on maize plant (Z. mays) 
Media soil used in this study is the sandy soil which has 

a neutral pH (7.0 to 7.3), a very low content of organic C 
ranged from 0.10 to 0.14 %, a very low content of N (0.02 
%), a very low - low ratio of C/N (4-6), a very high content 
of P (P2O5) (223.8 to 408.8 ppm), a low content of K 
ranged from 0.12 to 0.14 cmol / kg, and a very low CEC 
(cation exchange capacity) (2.08 to 2.50 cmol.kg-1). AMF 
propagules are C. etunicatum and C. lamellosum which 
were taken from the tailings area. C. etunicatum BGR is 
used as a control and is derived from SEAMEO-BIOTROP 
Bogor. These three types of propagules have large numbers 
of spores. C. etunicatum BGR has an average of 89 spores, 
C. lamellosum L1A01S has an average of 96 spores, and C. 
etunicatum L3A12D has an average of 87.7 spores per 100 
g sample. The results of the MPN (Most Probable Number) 
test the three types of AMF are respectively 1400, 2600, 
and 1700 propagules per gram wet weight of soil. 
According to Sancayaningsih et al. (2000), the density of 
propagules is very important in the inoculation of plant 
growth. 

The test of compatibility and effectiveness of AMF is 
by inoculating AMF propagules on maize (Z. mays) using 4 
treatments of Complete Randomized Design (CRD), 
namely: M0: control (without mycorrhiza); M1: 
Clariodeoglomus etunicatum BGR; M2: C. lamellosum 
L1A01S; M3: C. etunicatum L3A12D with 8 replications. 
Several measured parameters are variables of plant growth 
such as plant height, leaf width, fresh and dry weight of 
plants, the percentage of AMF colonization, as well as 
relative growth rate (relative growth rate, RGR). RGR is 
calculated by the formula:  

 
RGR = [(ln DW2 - ln DW1) / t2 - t1],  
 
Note:  
DW1: dry weight plant on first-time measurement;  
DW2: dry weight plant on second time measurement;  
t1: first time measurement;  
t2: second measurement time. 

Data analysis 
The data were analyzed using analysis of variance 

(ANOVA) with one factor using IBM SPSS (Statistical 
Package for Social Sciences) software version 20.0. 
Compared to some comparators using the Duncan's 
Multiple Range Test (DMRT) through post hoc test with a 
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confidence level of 95% (p= 0.05), data mean shows a 
significant difference. 

RESULTS AND DISCUSSION 

The existence of AMF and its association with 
rhizosphere of B. precumbens  

The results showed that the AMF was found in the 
rhizosphere of B. precumbens (Table 1; Figure 5a). The 
number of spores found on the direct extraction of soil 
samples ranged from 8-25, with an average of 15.1 per 10 g 
soil. With the trapping method in the laboratory, the 
number increased 300% with an average of 49.6 per 10 g 
soil. Trapping treatment method showed a significant 
increase compared to the method of direct spores isolation 
in the field. With this method, spore production became the 
highest with the result of 33-71 spores per 10 g soil 
samples. According to Suharno et al. (2015) and Liu and 
Wang (2003), the trapping method was more effective 
because the laboratory conditions were more stable and 
more controllable for the growth of plants and fungi than 
the other place. In these conditions, the AMF which was 
unable to form spores in field conditions would have the 
opportunity to produce spores.  

Association between the AMF and B. precumbens 
could be confirmed by the presence of AMF forming 
structure in the root. This structure was a special 
characteristic which was formed due to this associations. 
The observed AMF structure included intraradical hyphae, 
vesicles, arbuscular, while intraradical spores were not 
observed (Figure 5). The Percentage of root colonization 
ranged from 65.3 to 85.3% with an average of 73.6%. The 
value was categorized as high and showed a good 
cooperation of bio-symbion and myco-symbion. According 
to Wang and Qiu (2006), the symbiotic associations of 
arbuscular mycorrhizal fungi, from the type of B. 
decumbens and B. humidicola, was found on Brachiaria 
grass. This suggested that genus Brachiaria which was 
grass plant (Poaceae) could be associated with 
mycorrhizae. The preliminary research conducted by 
Suharno et al. (2014) indicated that B. precumbens in this 
area were in symbiosis with the AMF. AMF colonization 
percent was high. Carballar-Hernandez et al. (2013) 
observed colonization of AMF on Agave potatorum that 
ranged from 20-83%. The length of extraradical mycelia 
was 2.64 to 5.22 m / g on dry land. The number of spores 
ranged from 20-192 in 100 grams of soil in dry land. 
According to Brundrett (1991) and Yue and Liu (2016), the 
percent of colonization on plant roots was associated with 
the ecological system both AMF or host plants in their 
habitat. Smith and Read (2008) and Utobo et al. (2011) also 
revealed that the structure generated by the AMF on the 
root system of plants was very important in symbiosis. 
Three important components in the root system with 
mycorrhiza were its role on the root itself, intraradical 
hyphae which were associated with roots, and extraradical 
hyphae which were related to land. Suharno et al. (2014) 
revealed that the percent of plant root colonization by AMF 
varied greatly. At the same tailings lands, some plant 

species have a high percentage of colonization, namely 
Amomum sp., F. adenosperma, and B. pilosa. On the other 
hand, on some of the samples taken at the inundated 
habitat, there was no AMF colonization such as in plants of 
Pragmites karka.  

The percent colonization of AMF on maize was also 
high. The results showed that AMF colonization with C. 
etunicatum BGR inoculant reached an average of 77.42%, 
with C. lamellosum L1A01S inoculants reaching an 
average of 77.74%, while with C. etunicatum L3A12D 
inoculants reaching 83.74%. Although C. etunicatum has 
the highest percent of colonization, but the effect on the 
relative growth rate of plants is not as high as the effect of 
C. lamellosum (Table 4). The colonization percent of the 
three treatments was not significantly different at a test 
level of 95% (p: 0.05). The percentage of colonization, 
extraradical hyphae growth and spore production depends 
on environmental conditions in a region (Zangaro et al. 
2013; Doley and Jite 2012). It is often found that the 
percent of root colonization is affected by phosphorus. 
Glomus fasciculatum mycorrhizal fungi had a higher 
percentage of colonization due to the application of 
phosphorus but then mycorrhizal dependence decreased 
because of the increased levels of phosphorus (Doley and 
Jite 2012; Yuan 2015). With the addition of cadmium into 
the growing medium, mycorrhizal colonization percentages 
increased with the range of 22.7 to 72.3% in maize (Liu et 
al. 2014), while Valsalakumar et al. (2007) observed the 
colonization percentage of 28-95% on the plant of 
Phaseolus aureum.  

The season and the availability of nutrients are very 
influential in the development and growth phyto-symbion 
and myco-symbion. Fungi tend to form spores on dry 
season, but it will intensify the growth mycelium on the 
rainy season, although it is not statistically significant 
(Cuenca and Lovera 2010; Hu et al. 2013; Bouamri et al. 
2014). This is also supported by data that shows a heavy 
rainfall throughout the year of 2013 reaching 280.5 to 
726.3 mm/month (Suharno et al. 2014). Spores are 
concentrated in the top layer of soil and reduced 
significantly in the deepest layer of the soil profile. This 
condition is associated with the distribution of the root 
system and the availability of sources of carbon in their 
habitat.  

 
Table 1. The number of spores and percentage of colonization of 
AMF on the roots of plants B. precumbens in the tailing area 
 

Sample 
Number of spores 

(10 g of soil) % root 
colonization Field Trapping method 

28-BP1 18 55 66.6 
28-BP2 8 45 76.7 
27-BP1 15 39 80.6 
27-BP2 21 33 66.7 
26-BP1 18 45 85.3 
26-BP2 25 35 71.9 
26-BP3 9 54 65.3 
26-BP4 10 63 67.8 
25-BP1 12 56 75.6 
25-BP2 15 71 80.0 
Average  15.1 49.6 73.65 
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Arbuscular Mycorrhizal Fungi (AMF) diversity  
The results showed that there was 10 morphospecies of 

AMF from the following genus: Glomus (4 types), 
Scutellospora (1 species), Acaulospora (2 types), and 
Claroideoglomus (2 types) (Figure 2). Claroideoglomus 
etunicatum is one of the AMF identified morphologically. 
Two isolates are known to have large numbers of spores, 
reaching 36.3 and 42.7 per 10 gram of wet weight of the 
sample media, namely L1A01S and L3A12D isolates 
which are derived from the genus Clariodeoglomus. After 
the identification using molecular techniques, the results of 
BLAST are identified, namely C. lamellosum and C. 
etunicatum with similarity rate of 99 %. Identification of 
the AMF both morphologically and molecularly is very 
important to determine the certainty of one type that it 
results in the preciseness of identity of an organism 
(Schenck and Perez 1990; Lee et al. 2006; Schüßler and 
Walker 2010). The result of propagation on both isolates is 
used as an inoculant in the test of compatibility and 
effectiveness in maize. According to Suharno et al. (2016), 
there are several types of AMF found in the region deriving 
from several rhizospheres of plants, such as genus Glomus, 
Claroideoglomus, Acaulospora, and Scutellospora. Beena 
et al. (2001) revealed the results of a study on dry land such 
as desert, sand dunes and coast and it showed that AMF is 
able to develop in these areas. Al-Yahya'ei et al. (2011) 
found 25 AMF morphospecies in the desert land around the 
Dates plantation area, in South Arabia, and some of them 
have not been identified yet. Zhang et al. (2012) also 
observed the dynamics of AMF associated with typical 
plants of the desert ecosystem in Gurbantunggut, Xinjiang, 
China. The diversity of AMF in several parts of the world 
is quite high, at least there are about 200 types of AMF 
which have been identified (Wang and Qiu 2006), but some 
others still can not be identified. Schüßler and Walker 
(2010) mentioned 234 types of AMF as the results of the 
study based on the morphological and molecular 
characters. It can even reach more than 300 because the 
discovery of a new type of AMF is still continued 
(Blaszkowski and Czerniawska 2011; Pagano et al. 2016). 
Moreover, the use of molecular techniques in basic 
identification is common (Schüßler and Walker 2010; 
Young 2012). The existence of AMF morphospecies at a 
particular habitat can be varied (Zhang et al. 2012); 
Brundrett and Ashwath 2013; Afaf et al. 2015; Bordoloi et 
al. 2015). Brundrett (1991) suggested that AMF species 
varied in a habitat. It is related to the AMF capability of 
growing under certain conditions and the ability of fungi to 
form a symbiosis with various types of plants in the 
vicinity.  

AMF effectiveness test on maize 
The observation of AMF effectiveness test on maize 

showed that in the 3rd week after planting, the difference in 
growth height of the plants was not visible yet, however, at 
10th week, the difference was quite significant (Figure 3; 
Table 2). Inoculation of C. lamellosum L1A01S coming 
from the tailing land was able to increase the growth of 
plant height (51.8 cm) compared to the treatment of C. 
etunicatum BGR (49.6 cm), of C. etunicatum L3A12D 

(47.8 cm), and no mycorrhizal treatment (40.7 cm). The 
same conditions occurred in the growth of leaf width 
(Figure 4; Table 2). At 7th week, the growth of leaf width 
might be changed and some even tended to decline 
because, despite the growth of young leaves, the mature 
leaves got old and even dried. The highest increase in plant 
height was 27.2% compared to controls, while the highest 
increase of leaf width was by the treatment of C. 
lamellosum L1A01S reaching 80.3% (327.4 cm2) compared 
to controls (181.6 cm2). 

Despite an increase in the growth of shoot reaching 
40.4% and of root reaching 5.1% until week 10, the 
response of fresh weight growth (Table 3) did not occur 
significantly. The difference was not significant due to the 
high early growth on the treatment with no AMF 
inoculation. This growth then decreased at week 10. On the 
other hand, with the treatment of AMF, the growth start 
slowly but it increased finally. However, this increase was 
not enough to affect the fresh weight significantly. The 
determining factor in this condition is the high water 
content in the fresh weight of the plants which is almost 
equal to treatment. On C. lamellosum inoculation 
treatment, the increase in fresh weight reached 40.4% 
higher than control, but it is not significant because the 
diversity of fresh weight coefficient is quite high. The dry 
weight of root did not increase significantly, but the dry 
weight of plant shoot showed a significant increase. The 
treatment of C. lamellosum L1A01S brought on to the 
highest root dry weight of 1,237g compared to 0.714 g of 
controls, increasing 73.2% significantly. This condition 
indicates that the root with mycorrhiza can increase the dry 
weight of shoot significantly. According to 
Shirmohammadi and Aliasgharzad (2013), the response to 
AMF treatment varied. The study showed that the role of 
C. etunicatum in increasing the fresh weight of sorghum is 
significant, but it is not significant on tomatoes. Doley and 
Jite (2012) revealed that the AMF's role is very significant 
to the growth of the fresh weight of the plant shoot of 
Arachis hypogaea. 

On the parameters of total dry weight (Table 4), it 
appears that there is no significant difference until the 3rd 
week, but it is different at week 10. These conditions affect 
the relative growth rate that shows an increase 
significantly. The relative growth rate shows that 
inoculation with C. lamellosum L1A01S is capable of 
increasing to 73.3% compared to the control. Treatment 
with the AMF of this type is better than with C. etunicatum 
L3A12D, C. etunicatum BGR, and control. The AMF type 
and inoculum density affect the biomass increase 
(Valsalakumar et al., 2007; Treseder 2013), including the 
maize plant (Sancayaningsih et al. 2000). In peanuts 
(Arachis hypogaea), AMF role is very significant to the 
increase of the dry weight of plant shoot (Doley and Jite 
2012). The high density of propagules determines the 
increase of the dry weight of the host plants in the early 
growth of corn plant (Sancayaningsih et al. 2000). In 
addition, the high population of AMF inoculum on the 
ground is important to achieve faster colonization of plant 
roots, the optimal growth, better products. It can lead to the 
least intake of the initial stimulus such as fertilizer or no 
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land management at all, and it also can avoid the longer 
periods of fallow and the burning of crop remnants (Smith 
and Smith 2011). 

The effectiveness test results (Table 2, 3, 4) of AMF 
types derived from the tailings namely C. lamellosum 
L1A01S and C. etunicatum L3A15D showed that there was 
a significant influence of AMF on the increased growth of 
maize. The development of hyphae affects the level of root 
colonization which will further increase the absorption of 
nutrients and increase the rate of plant growth (Treseder 
2013). AMF types that have been known for certain and 
able to adjust tailings land habitat are expected to play a 
role in the process of land rehabilitation (da Silva et al. 
2012; Guo et al. 2013; Suharno et al. 2014). These types of 
AMF are very important in the process of revegetation of 
tailing lands as they are tolerant to the condition of land to 
be restored (Suharno & Sancayaningsih 2013). 
 
 
 

 
 
Figure 2. Some morphospecies of AMF spores which were 
isolated from the rhizosphere of plants B. precumbens. a. 
Acaulospora sp, b. Scutellospora sp, c-d. Glomus sp., E. 
Acaulospora sp2, f. Glomus, g. Claroideoglomus lamellosum, h. 
C. etunicatum. (mc: mother cell, s: spore, sh: substanding hyphae, 
scale bar: 50 µm). 

 
 
Figure 5. AMF colonization in plants. a. in B. precumbens, b-g. 
in Z. mays. b-c. inoculation with C. etunicatum BGR. d-f. 
inoculation with C. lamellosum L1A01S. g. Inoculation with 
AMF type of C. etunicatum L3A12D. HI: hyphae intraradical., 
V: vesicles, A: arbuscula (Scale bar: 100 um) 
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Figure 3. The height increase of corn plants which was inoculated 
by AMF coming from the tailings area 
 

 
 
Figure 4. The increase of leaf width of maize plants inoculated by 
AMF coming from the tailings area 
 
  

 
 
Table 2. The response of height increase and leaf width of maize plants which were inoculated by AMF 
 

Treatment Shoot height (cm) Leaf width (cm2) 
Week-3 Week-10 Week-3 Week-10 

M0 (non-mycorrhizal)  13.79 a 40.72 b 138.41 b 181.60 b 
M1 (C. etunicatum BGR) 13.95 a 49.65 a 159.97 ab 202.59 ab 
M2 (C. lamellosum L1A01S) 13.99 a 51.80 a 176.57 a 327.36 a 
M3 (C. etunicatum L3A12D) 14.58 a 47.77 ab 147.18 b 213.22 ab 
 
 
 
Table 3. The increase response of fresh weight and dry weight of maize plants inoculated by AMF 10 weeks after planting 
  

Treatment Fresh weight (g) Dry weight (g) 
Root Shoot  Root Shoot 

M0 (non-mycorrhizal)  3.853 a 3.814 a 0.471 a 0.714 b 
M1 (C. etunicatum BGR) 3.150 a 4.913 a 0.427 a 1.085 ab 
M2 (C. lamellosum L1A01S)  4.051 a 5.737 a 0.603 a 1.237 a 
M3 (C. etunicatum L3A12D)  2.677 a 4.423 a 0.368 a 0.912 ab 
 
 
 
Table 4. The response of plant growth increases to the total dry weight and relative growth rate of maize plants which were inoculated 
by AMF 
  

Treatment % AMF 
colonization 

Total dry weight 
3 WAP (g) 

Total dry weight 10 
WAP (g) RGR 

M0 (non-mycorrhizal)  0.50 b 0.451 a 1.160 b 0.232 b 
M1 (C. etunicatum BGR)  77.42 a 0.369 a 1.512 ab 0.313 ab 
M2 (C. lamellosum L1A01S)  77.74 a 0.378 a 1.890 a 0.402 a 
M3 (C. etunicatum L3A12D)  83.74 a 0.356 a 1.280 b 0.319 ab 
Note: WAP: week after planting; RGR: relative growth rate 
  
 
 

The exploitation and utilization of organisms, both 
fungi and plants, as phytoremediation are very important in 
the process of land reclamation. It is concerned with the 
effort of land rehabilitation which is environmentally 
friendly (Khan 2006; da Silva et al. 2012). With carrying 
capacity as multi-functional microorganisms to the growth 
of a plant on marginal condition, AMF has a big impact on 
the survival of plants (Jeffries et al. 2003; Zangaro et al. 

2012; Dickie et al. 2013). Therefore, there are many efforts 
to the discovery of the AMF and its prospect of utilization 
of local AMF which are considered as more 
environmentally friendly than the other way (Khan 2006; 
Suharno and Sancayaningsih 2013). This process, of 
course, needs a long and many steps, started by the 
isolation of AMF types, the selection of superior type, 
compatibility testing on plants, propagation and utilization 
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in the field (Upadhyaya et al. 2010), so they are able to 
improve the soil structure (Aguacil et al. 2014) and to 
return the ecosystem like its original condition (Brundrett 
and Ashwath 2013; Aguacil et al. 2014). 
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Abstract. Dasumiati, Miftahudin, Triadiati T, Hartana A. 2017. Short Communication: Sex types in flowering of Jatropha curcas. 
Biodiversitas 18: 275-279. Commonly, Jatropha curcas ( jatropha) produces male and female flowers in the different flower. But, the 
other jatropha have male and hermaphrodite flowers in the different flower. The combination of those flowers in one plant causes sex 
differentiation in jatropha. This study aimed to identify the sex types of flowers and plant in jatropha, as well as to know the stability of 
sex types after stem cuttings propagation. The survey was conducted to the population of jatropha in Cikampek, Karawang and 
Pakuwon, Sukabumi, West Java, Indonesia. We found three sex types in both plantations: monoecious that have male and female 
flowers, andromonoecious that have male and hermaphrodite flowers, trimonoecious that have male, female, and hermaphrodite flowers 
in the same plant. Andromonoecious and monoecious jatropha have stable sex type, but trimonoecious jatropha has unstable sex type. 
The stability of sex type is related to the number of primary branch and distance between nodes. 

Keywords: Andromonoecious, Jatropha curcas, monoecious, trimonoecious 

INTRODUCTION 

Jatropha (Jatropha curcas L) is members of the family 
Euphorbiaceae. This plant is native to Mexico and Central 
America and spreads to other areas brought by Portuguese 
sailors (Heller 1996, Gubitz et al. 1999, Mishra 2009). 
Currently, jatropha has been scattered in various regions in 
Indonesia. Jatropha cultivation is done because of its 
potential as biodiesel (Sharma et al. 2009). 

Along with the development of jatropha as a biodiesel 
feedstock, Indonesian Agency for Agricultural Research 
and Development has conducted exploration of jatropha 
Plantation into several regions in Indonesia since 2005. 
Exploration was conducted to West Sumatra, Lampung, 
Banten, West Java, Central Java, East Java, West Nusa 
Tenggara, East Nusa Tenggara, and Sulawesi. The plant 
materials were collected in Kebun Induk Jarak Pagar 
(KIJP) Pakuwon, Sukabumi, West Java in an area of 33.9 
ha, in Muktiharjo, Karawang, Central Java, covering an 
area of 13 ha, and in Asembagus, East Java area of 10 ha 
(Hasnam 2006). In addition to that Research and 
Development Center, a company that also developed the 
jatropha is in Kawasan Industri Bukit Indah (KIBI), 
Cikampek, West Java. 

Accessions of jatropha that planted in both plantations 
were from various regions. Jatropha plantation of 
Cikampek planted accession of Dompu, Tangerang, West 
Java, Malaysia, and Mexico. Whereas jatropha plantation 
of Pakuwon planted accession of Lampung, Banten, 
Tangerang, Central Java, and West Java. The flowering of 
jatropha on both plantations is fascinating, because it was 

found that jatropha produces hermaphrodite flowers. 
Hermaphrodite flowers are rarely found in jatropha (Heller 
1996; Jones and Csurhes 2008). 

Jatropha has three sex types of flowers that can be 
generated by the same or different plant, i.e., male, female, 
and hermaphrodite. Therefore, each jatropha plant possibly 
can have a different type of sex that is hermaphrodite, 
monoecious, dioecious, gynoecious, androecious, 
gynomonoecious, andromonoecious, or trimonoecious. 
Hermaphrodite plants produced only hermaphrodite 
flowers. Monoecious plants produced male and female 
flowers, while dioecious plants produced male and female 
flowers on separate plants. Gynoecious plants produced 
only female flowers, while androecious plants produced 
male flowers only. Plants that produce female and 
hermaphrodite flowers called gynomonoecious, while 
andromonoecious is a plant that produces male and 
hermaphrodite flowers, while plants produced male 
flowers, female, and hermaphrodite called trimonoecious 
(Dellaporta and Urrea 1993; Miller and Diggle 2007). 

Sex-types found on jatropha are monoecious, 
andromonoecious, and trimonoecious. The Sex-type of 
flower affect pollination and indirectly affects the 
production and seeds of jatropha. Plant sex type which has 
hermaphrodite flowers are very favorable for yield, due to 
they committed to self-pollination (Hartati 2009). 
Therefore, it is critical to analyze the stability of sex types 
of jatropha. This study aimed to identify sex types and 
stability in the flowering of jatropha in two plantations i.e. 
Cikampek, West Java, Indonesia and Pakuwon, Sukabumi, 
West Java, Indonesia. 
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MATERIALS AND METHODS 

The plant materials were collection of jatropha in 
Kawasan Industri Bukit Indah (KIBI) Cikampek 
(Karawang, West Java, Indonesia) and Kebun Induk Jarak 
Pagar (KIJP) Pakuwon (Sukabumi, West Java, Indonesia) 
plantations. The Cikampek plantation has latosol soil and 
an average monthly temperature of 27°C, average rainfall 
monthly of 127 mm. The Pakuwon plantation has latosol 
soil and an average monthly temperature of 26°C, average 
monthly precipitation of 263 mm. Each plantation has five 
accessions of jatropha. The stability of sex types observed 
from stem cuttings jatropha (vegetative propagation) which 
already flowering in both plantations and open-pollinated 
jatropha (generative propagation) from flowering stem 
cuttings jatropha. 

We observed the sex type in flowers and the plants. The 
accessions of jatropha were propagated with stem cuttings 
to determine the stability of sex type. Observation of the 
sex types stability was conducted in the two populations, 
i.e. the population of vegetatively propagated and the 
population of generatively propagated. 

The sex types stability were observed from vegetative 
propagation. Accessions of jatropha at Cikampek and 
Pakuwon were propagated through stem cuttings (3 plants 
were Dompu accession andromonoecious, 3 plants were 
Dompu accession monoecious, 1 plant was Lampung 
accession trimonoecious, and 1 plant is Banten accession 
trimonoecious). Each of accession and sex type was made 
of 60 stem cuttings. These entire stem cuttings were 
planted in jatropha plantation, Bogor, West Java. 
Observation of the character based on flowers sex types 
stability or plant sex types, number and angle of the 
primary and secondary branch. The seeds from open-
pollinated were planted again to observe the sex types 
stability in the next generation.  

The sex types stability were also observed through 
generative propagation. The jatropha seeds have produced 
from open pollination of various sex types on jatropha 
plantation in Dramaga, Bogor and Pakuwon were planted 
in Bambu Apus, Pamulang, Tangerang, Banten, Indonesia. 
The 30 plants were observed in each sex type 
(andromonoecious, monoecious, and trimonoecious). 
Observation of the character based on flowers sex types 
stability or plant sex types, number and angle of the 
primary and secondary branch. Observations were made 
during the first flowering period. 

The difference between the sex type and the sex types 
stability of jatropha were shown in the description.  

RESULTS AND DISCUSSION 

Flower sex-types in jatropha 
Flower Sex-types in of jatropha were found as male, 

female and hermaphrodite flowers, so the individual plants 
have three possible option i.e. monoecious, 
andromonoecious, and trimonoecious plants. The 
plantation in Cikampek was found two types, which were 
monoecious and andromonoecious plants. The monoecious 

jatropha produced male and female flowers on the same 
flower inflorescence, while andromonoecious jatropha 
produced male and hermaphrodite flowers on the same 
inflorescence flower. The plant sex type was found in the 
Cikampek was commonly monoecious plants, whereas 
only 10 Dompu accession plants as andromonoecious 
plants. It was also found that two jatropha accessions did 
not flowering until the end study, namely Tangerang and 
Malaysian accessions (Table 1). 

Monoecious sex type was found in the five accessions 
of jatropha in Pakuwon. Each plant of Lampung and 
Banten accessions produced hermaphrodite flowers (Table 
1). They can be presumed as an andromonoecious or 
trimonoecious plants. Characteristics of the fruits produced 
from hermaphrodite flowers have stamens rest on the base 
of the fruits, while the fruits that produced from female 
flowers did not have the rest of stamen. Therefore, both 
jatropha (Lampung and Banten accessions) have sex-type 
of trimonoecious which produced male, female, and 
hermaphrodite flowers on the same inflorescence. 

Plants sex types of monoecious were commonly found 
in both locations jatropha plantation (Cikampek and 
Pakuwon). The andromonoecious and trimonoecious plants 
sex type were rare. In fact, most researchers claimed that 
jatropha is a monoecious plant with flower inflorescence 
produced unisexual flowers - male and female flowers 
(Raju and Ezradanam, 2002; Makwana et al. 2010; Alam et 
al. 2011; Wu et al. 2011; Kaur et al. 2011). In addition to 
producing male and female flowers, jatropha also produced 
hermaphrodite flowers (Heller 1996). It is uncommon that 
jatropha produced bisexual or hermaphrodite flowers 
(Hasnam 2006). Hartati et al. (2009) found that 8 of 60 
genotypes of jatropha in Pakuwon were trimonoecious. 
Andriano-Anaya et al. (2016) found that most of jatropha 
have typical inflorescences with separate sexes 
(monoecious). Meanwhile, the rest were atypical 
(gynoecious, androecious, andromonoecious, and 
androgynomonoecious).  

 
Table 1. Sex-types of jatropha in the Cikampek and Pakuwon 
plantation 
 
Plantation origin & 

accessions Sex types Number of plant 

 
Cikampek   

Dompu Andromonoecious 10 
 Monoecious 476 
Tangerang Not flowering 12 
West Java Monoecious 10 
Malaysia Not flowering 6 
Mexico Monoecious 12 
   

Pakuwon   
Lampung Trimonoecious 1 
 Monoecious 14 
Banten Trimonoecious 1 
 Monoecious 4 
West Java Monoecious 22 
Central Java Monoecious 10 
West Sumatra  
 

Monoecious 14 
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The monoecious and andromonoecious jatropha of 
Dompu accession in plantation Cikampek has different 
branching pattern which influenced plants performance. 
The andromonoecious of jatropha have many primary 
branches at the base of the stem, where the tertiary 
branches were formed. The number of branch in 
monoecious jatropha less than that of the 
andromonoecious. Branching position of the monoecious 
jatropha is apart from one branch to another (Figure 2B). 
As a consequence of the branching pattern, the 
performance of andromonoecious jatropha more dense than 
that of monoecious jatropha. 

Stability of sex types of flowering on jatropha 
The stability of sex type through vegetative propagation.  

The stability of sex type was observed in jatropha as the 
results of vegetative propagation (60 plants of monoecious 
jatropha Dompu accession, 60 plants of andromonoecious 
jatropha Dompu accession, and trimonoecious jatropha of 
Lampung and Banten accessions each of 60 plants). The 
monoecious and andromonoecious sex types were stable at 
all jatropha through vegetative propagation. However, 
trimonoecious jatropha showed varying sex types (Figure 
1, Table 2). 

Sex-types of trimonoecious jatropha were varied from 
beginning to end of the first flowering season. The 
trimonoecious jatropha of Lampung accessions showed 
3.3% monoecious, 3.3% andromonoecious, and 93.4% 
trimonoecious at the beginning of the first flowering 
season. But at the end of the first season were found only 
1.7% monoecious and 98.3% showed trimonoecious. The 
trimonoecious jatropha of Banten accessions showed 10% 
monoecious, 16.7% andromonoecious, and 73.3% 
trimonoecious at the beginning of the first flowering season. 
At the end of the first flowering season only 3.3% showed 
andromonoecious and 96.7% trimonoecious (Table 2). 

Performance and branching were also observed in 
conjunction with the stability of sex type in flowering 
jatropha. The performance was showed by andro-
monoecious jatropha denser than trimonoecious and 
monoecious jatropha (Figure 2). The andromonoecious 
jatropha have many primary branches (5-9 branches), 
whereas the trimonoecious jatropha has 3-5 primary 
branches, monoecious jatropha only has 0-3 primary 
branches.  

The stability of sex types through generative propagation 
Plants through the generative propagation of 

andromonoecious jatropha (FTA) produced hermaphrodite 
and male flowers on the same flower inflorescence (as an 
andromonoecious), whereas from monoecious jatropha 
(FTM) produced female and male flowers (as a 
monoecious). The trimonoecious jatropha (FTT) produced 
hermaphrodite and male flowers on the same flower 
inflorescence (as an andromonoecious), and female 
flowers, hermaphrodite and male on same flower 
inflorescence (as a trimonoecious) (Table 3). Sex-types of 
andromonoecious and monoecious plants were stable 
during flowering but were not in the trimonoecious plants. 
All types of jatropha showed as an andromonoecious sex at 

the beginning of the flowering season, but at the end of the 
flowering season, only 4 FTT plants which still showed as 
an andromonoecious and 26 plants remaining already 
showed as a trimonoecious.  

 

 
 

Figure 1. Flowers and sex types through the vegetative 
propagation of andromonoecious jatropha (A), monoecious 
jatropha (B), trimonoecious jatropha (C), trimonoecious which 
features monoecious jatropha (D). (M = cluster of male flowers, H 
= hermaphrodite flowers, F = female flowers) 
 

 

 
 

Figure 2. The performance jatropha from vegetative propagation; 
andromonoecious jatropha of Dompu accession (A), monoecious 
jatropha of Dompu accession (B), trimonoecious jatropha of 
Lampung accession (C), trimonoecious jatropha of Banten 
accession (D) (5 months after planting/MAP) 

A B 

C D 

A B 

C D 
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Table 2. Stability of number and plants sex type as the result of vegetative propagation of monoecious, andromonoecious, and 
trimonoecious jatropha during the first flowering season 
 

Plant sex type 
The percentage of stem cuttings with sex type 

Beginning of first flowering season End of first flowering season 
M A T M A T 

Monoecious of Dompu  100 - - 100 - - 
Andromonoecious of Dompu  - 100 - - 100 - 
Trimonoecious of Lampung  3.33 3.33 93.34 1.67 - 98.33 
Trimonoecious of Banten  10 16.67 73.33 - 3.33 96.67 
Note: M = Monoecious, A = Andromonoecious, T = Trimonoecious 
 
 
 
Table 3. Sex-types and branching through generative propagation of andromonoecious, monoecious, and trimonoecious jatropha 
 
Characters Andromonoecious Monoecious Trimonoecious 
Sex type Andromonoecious Monoecious Trimonoecious, Andromonoecious 
Total Primary Branch (pc) 9±3 2±1 7±3 
Total Secondary Branch (pc) 6±4 3±1 3±1 
Primary Branch Angle ( °) 60.5±8.2 45.6±3.7 59.2±7.8 
Secondary Branch Angle ( °) 45.2±3.8 45.3±4.1 51.6±5.1 
Note: The data showed ± SD  
 

 
 
The FTA, FTM, and FTT plants showed the different sex 

types, the number and angle of branches indicated different 
performance. The number of branches (primary and 
secondary) of FTA plants higher than that of the FTM plants, 
however, the FTT plants produced more branch than that of 
the FTM plants (Table 3). The FTA plants performance was 
the densest. It was similar to the mother plant both before 
and after propagated vegetative. 

Andromonoecious sex type of jatropha from generative 
propagation were stables. It can be due to by the 
hermaphrodite flowers on andromonoecious jatropha 
experienced a self-pollinated. Sex type of plant obtained 
through generative propagation is same as the mother plant. 
Dasumiati et al. (2015) stated that hermaphrodite flowers 
on andromonoecious jatropha experienced a self-pollinated. 

After vegetative and generative propagations jatropha 
plants were planted at different location. The 
andromonoecious jatropha still produced hermaphrodite 
and male flowers and still stable until next flowering 
season. The stability of sexual types was also found in 
monoecious jatropha. The stability of this sex types were 
influenced by a genetic factor. This result was similar to 
the research conducted by Hartati (2009) that the 
hermaphrodite flowers produced by jatropha were 
influenced by genetic factor. 

Stem cutting plants and open pollination plants of 
trimonoecious jatropha have not stable sex type, but it 
indicated a stable branching character. Few of plants that 
produced male and female flowers were monoecious. On 
the other side, few of plants that produced male and 
hermaphrodite flowers were andromonoecious, and most of 
plants were trimonoecious. Flower sex types were shown 
by trimonoecious jatropha due to by the instability of plants 
that produced male, female, and hermaphrodite flowers in 
the same plant and at the same time. Hartati et al. (2009) 

stated that the emergence of hermaphrodite flowers on 
trimonoecious jatropha influenced by a genetic factor, 
plants age, and the environment.  

The unstable character of sex type on trimonoecious 
jatropha will affect other characters, especially related to 
the pollination, and seed production. Cross-pollination 
occurs if the plants produced female flowers (Hartati 
2009), it depend on the presence of pollinators. Therefore, 
fruit production will be determined by pollinators.  

In conclusion, jatropha in Indonesia that were collected 
at plantation Cikampek and KIJB Pakuwon have several 
sex types i.e. monoecious, andromonoecious, and 
trimonoecious plants. Commonly, sex type of jatropha is a 
monoecious, while andromonoecious and trimonoecious 
are still rare. The flower sex types of plants from stem 
cuttings propagation (vegetative) and seeds from open-
pollinated (generative) of monoecious and 
andromonoecious plants were stable, while the 
trimonoecious sex type morphologically was unstable. 
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