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Abstract. Hardiwinoto S, Ardiansyah F, Widiyatno. 2021. Application of selected teak clone and organic fertilizer to accelerate 
rehabilitation of lowland forest of Java, Indonesia. Biodiversitas 22: 1750-1756. Lowland forest in Java Island Indonesia is dominated 
by teak forest. However, for some decades, the forest has degraded and decreased teak wood production. Rehabilitation of the degraded 
forest is needed to accelerate the forest land cover. Vegetative propagation of selected clones is one of the techniques used in the asexual 
reproduction of plants to maintain superior genetics from ancestors to their offspring. In addition, adding organic fertilizer can improve 
the chemical and physical properties of degraded sites. In this study, vegetative propagation techniques of selected teak clones and 
addition of organic fertilizer were used to rehabilitate the degraded forest. The objectives of the research were to determine the best 

propagation technique and appropriate dosage of organic fertilizer toward the early growth of clonal teak plantations.  The results 
showed that the height and diameter parameters did not significantly differ for vegetative propagation and interaction with organic 
fertilizer dosage (P > 0.05). However, the dosage of organic fertilizer significantly increased the DBH of the teak (P < 0.05), although 
the height parameter did not significantly differ among dosages of organic fertilizer (P > 0.05). The best dosage of organic fertilizer was 
5 kg/individual, under which the average growth in height and diameter of teak at 14 months was 3.79 and 5.60 cm, respectively. This 
suggests that vegetative propagation of selected teak clones and addition of 5 kg/individual organic fertilizer could be implemented to 
support the successful rehabilitation of degraded forests.  
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INTRODUCTION  

Teak is one of the most valuable species developed in 

the lowland forests (Bailey et al. 2005; Pandey and Brown 

2000), and the total area of natural and planted teak forest 

worldwide is 29 million ha and 4.35-6.89 million ha, 

respectively (Koller and Kleine 2017a)..Teak is known to 

have good wood quality in terms of color and texture as 

well as ease of wood processing and resistance to termites, 

mold, and weather (Kaosa-ard 1998). Worldwide demand 

for teak is high, with about 2.0-2.5 million cubic meters of 

teak roundwood harvested annually from natural and 

planted forests (Koller and Kleine 2017b). In Indonesia, the 
demand for teak is increasing because it supports the teak 

wood processing industry, which produces wood products 

such as flooring, furniture, and so on. Unfortunately, teak 

wood production has recently declined, especially in 

natural forests, due to overcutting, agricultural expansion, 

grazing, etc. (Koller and Kleine 2017b). In Indonesia, 

forest degradation in Java Island dominated by teak forest 

was more than 14,000 ha.year-1 and dominated by young 

age classes of tree (MOEF 2019). Thus, the deficit of teak 

wood was more than 2,000,000 m3 per year (Iskak 2005), 

resulting in the instability of the teak wood processing 
industry. 

Forest rehabilitation aims to restore the capacity of 

degraded land to produce the forest products and services 

of a forest (ITTO 2002). One benefit of forest rehabilitation 

improves the economic value of degraded forests that use 

the species suitable for existing or potential markets (ITTO 

2001; Lamb and Gilmour 2003). To address the 

rehabilitation of degraded lowland forests in Java island, 

selected clonal teak material should be used to support the 

success of rehabilitation program to increase forest 

productivity and forest land cover (Evans 2009; Evans and 

Turnbull 2004). On the other hand, the soil characteristic of 

Java lowland forest is suitable for teak plantation (Tanaka 

et al. 1998).  
Clonal forestry of teak begins with plant breeding. The 

teak breeding program in Indonesia was initiated by 

establishing cooperation between the Faculty of Forestry 
UGM and Perum Perhutani in the 1980s. This program has 

successfully collected 600 plus trees from all teak 

distributed in Indonesia, both inside and outside Java. 

Thus, the plus trees of teak were established as the clonal 

bank, progeny test, and ex-situ teak conservation model. 

The results of progeny and clonal test showed that the 

selected teak clones could grow well at various sites 

(Na'iem 2012) and grow well in degraded areas, with 

annual diameter increase of >3 cm (Budiadi et al. 2017). 

This technique is expected to improve rehabilitation 

success using selected teak clones in Java, which currently 
has 3 m³ ha-1 year-1 (Pandey and Brown 2000).  

Studies on clonal forestry of teak have mainly focused 

on selection techniques for superior teak cloning 

(Palanisamy et al. 2009), seed propagation techniques for 

teak clones in nurseries (Goh et al. 2007; Adinugraha and 

Mahfudz 2014), and the effects of IBA dosage on clone 
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rooting (Guleria and Varshisht 2014; Badilla et al. 2016). 

The effects of different vegetative propagation techniques 

(budding and shoot cutting) from selected teak clone 

material on growth performance in the field have rarely 

been explored. This study is important in determining the 

differences in plant growth based on different vegetative 

techniques in order to support the large-scale rehabilitation 

program using the selected teak clone in the degraded 

forest. Moreover, a previous study on coffee plant 

propagation showed that plant material developed from 
grafting (the presence of rootstock from seeds) produces 

better and more adaptive plant growth than shoot cuttings. 

This assumes that the root-stock developed from seeds or 

sexual reproduction has a relatively better root system than 

shoot cuttings (Júnior et al. 2013). 

The types of degraded land are poor in their physical, 

chemical and biological soil properties (Li et al. 2013), so 

rehabilitation of degraded forest needs special 

requirements, i.e. selected clone and fertilizer to accelerate 

forest rehabilitation. The degraded forest with soil type of 

Vertisols (grumusols) has poor aeration and slow drainage 
as well as a sticky and plastic wet season consistency. This 

soil type shrinks when dry and swells when wet owing to 

its high clay content, which inhibits soil cultivation 

(Chesworth 2008). One of techniques to improve the 

degraded site condition is to use organic fertilizer. A study 

of fertilizer on teak plantations in Thailand showed that the 

growth of teak with application of dolomite, 1 kg per tree 

organic fertilizer, 200 g per tree chemical fertilizer, or 

control did not statistically differ (Wichiennopparat et al. 

2012). Fertilizer is essential because teak grows well on 

sites with good soil, good aeration, and drainage (Sukchan 
and Noda 2012). The use of organic fertilizer can increase 

the content of organic matter and humus in the soil and 

improve soil physical properties, especially soil structure 

(Fageria 2012), water-holding capacity, soil porosity, and 

soil fertility (Xu et al. 2013). Therefore, the study on 

rehabilitation of degraded forests using selected teak clones 

had the primary purpose of determining their growth using 

the vegetative propagation techniques and improving the 

sites with organic fertilizer. It is expected to contribute to 

the success of rehabilitation programs in degraded forests. 

MATERIALS AND METHODS  

Study area  
 The study was established in the Wanagama 

Educational Forest, Gunung Kidul District, Yogyakarta 

(Figure 1), a degraded forest area and Vertisols. Seedlings 

of selected teak clones were obtained using vegetative 

propagation techniques, namely: shoot cutting and budding. 

Organic fertilizer was applied to improve the site quality of 

the degraded site. The study used a factorial randomized 

complete block design (RCBD), where the first factor was 

the technique of teak vegetative propagation (shoot cutting, 

and budding), and the second factor was the dosage of 

organic fertilizer (0, 1, 3, and 5 kg per individual), with 

four blocks as replications. The measurement of the test 

plot per treatment was in the square plot form (5 × 5 

plants). The seedling was propagated by shoot cutting and 

budding and maintained for 6 months in nursery. Spacing 

of teak plantation was 3 m x 3 m. 

Procedures and data analysis 

Measurements of tree height and diameter were 

conducted when plants were 7 and 14 months old. The data 
were analyzed using SAS 9.0 software using analysis of 

variance (ANOVA) with RCBD (Randomized Complete 

Block Design) factorial design. The difference between 

treatments was analyzed using a Duncan Multiple Range 

Test (DMRT) at a significance level of 5%. 

Soil sample collection at the test location was 

conducted to determine the initial status of soil fertility for 

use as a reference with regard to the addition of organic 

matter. Soil sampling was carried out randomly at the test 

location at three locations, and each soil sample was 

collected at three soil depths: 0-10 cm, 11-20 cm, and 21-
30 cm. Soil samples taken from each depth were weighed 

(± 0.5 kg) and analyzed in the soil laboratory. Samples of 

organic fertilizer were also collected and the chemical 

properties of the nutrients were analyzed. The chemical 

properties of the soil and organic fertilizer observed and 

measured in this study were pH and N, P, and K content. 

The pH value was determined by pH H2O with a soil: 

solution ratio of 1:2.5 by using glass electrodes. N and P 

content were measured using the Kjeldahl and Bray 

method, while K was measured by the 25% HCl method 

(Sulaeman et al. 2005). 

RESULTS AND DISCUSSION 

Vegetative propagation techniques 

The different vegetative propagation techniques had no 

significant effect on height and diameter parameters (P > 

0.05, Tables 1 and 2) at 7 and 14 months after planting. 

The height growth of the budding and shoot cutting 

treatments at the age of 14 months was 2.99 m and 2.79 m, 

respectively (Figure 2.A). Meanwhile, the diameter growth 

of budding and shoot cuttings was 4.66 cm and 4.60 cm, 

respectively (Figure 2.B). 

The non-significant difference between the vegetative 

techniques was due to the vegetative propagation 
techniques used as they involve copying the genome of the 

parent tree, which produces individuals having similar 

traits to those of their parent tree. Thus, they can maintain 

the genetic superiority of the parent tree, reduce the 

problem of seed germination and control plant growth 

(Wiesman and Jaenicke 2002).  
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Figure 1. Study area established in the Wanagama Educational Forest, Gunung Kidul District, Yogyakarta, Indonesia and research design 
 
 

This result showed an assumption that budding would 
provide better growth than shoot cuttings because the buds 

had more roots, which was not statistically proven. 

However, there was a tendency toward better growth of 

plants derived from budding as compared to those grown 

from shoot cuttings. These results also suggest that plant 

propagation with shoot cuttings can be used to support 

large-scale teak clonal forestry because it is more 

advantageous than budding in some ways, such as the ease 

of obtaining shoot cuttings through a hedge orchard. This 

technique also requires smaller amounts of rootstock as 

compared to budding (Högberg 2003). The multiplication 
of teak clones is a strategy to produce uniformity of teak 

plants from superior-quality plants. Even though vegetative 

propagation tends to have relatively high costs compared to 

generative propagation (Högberg 2003), it is more 

profitable for forest management than generative 

propagation (Goh and Monteuuis 2005). Vegetative 

propagation from superior teak could also increase 

diameter growth by more than 300% compared to teak 

developed by generative propagation (Goh and Monteuuis 

2005; Palanisamy et al. 2009; Na’iem 2012). Furthermore, 

the growth of selected teak clones by vegetative 
propagation was 135% greater than the teak growth was in 

Mae Moh Plantation, Lampang province, Thailand 

propagated by coppice and stump planting (Auykim et al. 

2017). It suggested that our treatment would increase and 

accelerate the land cover of lowland degraded forests in 

Java. Thus, vegetative propagation by shoot cutting, 

especially for large-scale forestry plantations, has high 

economic value because vegetative propagation techniques 

can retain the superiority of a particular trait of an 

individual (Dawson 2002), which results in high stand 

potential at the end of the cycle (Evans and Turnbull 2004).  
The organic fertilizer dosage significantly differed 

among the diameter variable treatments at 7 and 14 months 

after planting (P < 0.05, Table 1). However, this treatment 

was not significantly different for the height growth of teak 

(P > 0.05, Table 2). The best fertilizer dosage for the height 

and diameter variables was 5 kg organic fertilizer per 

individual in all treatments. Thus, the growth in height and 

diameter at 14 months after planting was 3.79 m and 5.60 

cm (Figure 3a,b) respectively. 
 

 
 
Table 1. ANOVA of planting material and fertilizer dosage at 7 and 14 months after planting for the diameter parameter 
 

Sources df 
F value P > F 

7 months 14 months 7 months 14 months 

Block 3 1.18 8.45   
Vegetative Propagation Technique (VPT) 1 0.79 0.20 0.38ns 0.66 ns 
Fertilizer Dosage (FD) 3 2.43 3.06 0.05* 0.05* 
VTP X FD 3 0.12 0.64 0.95ns 0.60 ns 

Note. ns: no significant difference among treatments at tα 0.05; *: significant difference among treatments at tα 0.05 
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Table 2. ANOVA of planting material and fertilizer dosage at 7 and 14 months after planting for the height parameter 
 

Sources df 
F value P > F 

7 months 14 months 7 months 14 months 

Block 3 27.91 0.93   
Vegetative Propagation Technique (VPT) 1 0.19 0.77 0.66 ns 0.41 ns 
Fertilizer Dosage (FD) 3 0.32 0.83 0.81 ns 0.51 ns 
VTP X FD 3 0.14 0.41 0.94 ns 0.75 ns 

Note: ns: no significant difference among treatments at tα 0.05  
 
 

  
A B 

 
Figure 2.A. The average height, and B. Diameter growth at 7 and 14 months after planting 

 
  

  
A B 

 
Figure 3. A. Effect of various organic fertilizer dosages on height, and B. Diameter growth at 7 and 14 months after planting. Letters 

indicate significant differences among organic fertilizer dosages (DMRT) 
 
 

 

Soil fertility status of the degraded site, and organic 

fertilizer 

The soils at our degraded site were Vertisols, and the 

content of N and K ranged from 0.16-0.18% and 0.24-0.28 

me/100 g, respectively. Meanwhile, the P content ranged 

from 16-22 ppm, and the soil pH at the research location 
was 6.84 (Table 3). Furthermore, the N content in organic 

fertilizer ranged from 1.14 to 1.16%. The P content ranged 

from 1.39 to 1.46%, while the K content ranged from 2.00 

to 2.08%, with a mean of 2.03% (Table 4). 
 

Table 3. Soil mineral content of N, P, K, and pH at the research 
site 
 

Lay

er 

The 

depth of 

soil (cm) 

pH 

H2O 

N total 
P available 

(Olsen) 
K available 

% ppm % me/100g % 

1 0-10 6.84 0.18 ** 17 ** 0.0017 0.28 * 0.0109 
2 11-20 6.86 0.15 ** 22 ** 0.0022 0.24 * 0.0093 
3 21-30 6.84 0.16 ** 16 ** 0.0016 0.30 ** 0.0117 

Note: Nutrient status *: very low; **: low; ***: moderate; ****: 

high; *****: very high. (Sulaeman et al. 2005) 

 

P>0.05 P>0.05 

P>0.05 P<0.05 a 
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Table 4. The content of N, P, and K in organic fertilizer 
 

Sample 
N Total P available K available 

% 

S1 1.14 1.43 2.02 
S2 1.16 1.39 2.00 
S3 1.14 1.46 2.08 
Mean 1.15 1.43 2.03 

Note: S1-3 were replicates of organic fertilizer samples  
 
 

 

The soil fertility status (total N, available P, and 

available K) at our research site was low, and the P content 

was categorized as medium (Sulaeman et al. 2005). On the 

other hand, the content of macronutrients (total N, available 

P, and available K) in the organic fertilizer was much 

higher than that found in the soil. It was also higher than 

the amount needed for teak growth. This indicated that the 
organic fertilizer would increase nutrient availability and 

could supply other essential nutrients to improve tree 

growth (Han et al. 2016). 

Teak plants can grow optimally on soil with pH > 6 

(Tanaka et al. 1998; Tangmitcharoen et al. 2012). 

However, the low content of N, P, and K might have 

inhibited the growth of teak at the research location. The 

organic fertilizer dosages of 1 and 3 kg/plant dosage had 

statistically similar growth results to that of the control (P > 

0.05). The provision of organic fertilizer at a dosage of 5 

kg/plant increased plant growth by 31.96 and 39.31%, 

respectively, for the diameter and height variables as 
compared to the control (dosage 0 kg/plant). Organic 

fertilizer with a dosage of 5 kg/plant added N, P and K 

elements (Table 4). These nutrients accelerated the initial 

growth of the teak clones. In addition to providing 

additional nutrients, organic fertilizer can also increase soil 

colloids to increase water-holding capacity, nutrient 

cations, and cation exchange capacity (Whalen et al. 2000). 

The addition of N through fertilization is required to 

improve plant growth (Mehta et al. 2013; Wang et al. 2012) 

because N improves the growth of leaves. Thus, it 

increases light absorption and plant diameter development 
(Pinkard et al. 2007). Nitrogen (N) is one of the basic 

elements necessary for increasing growth and plant 

biomass (Wang et al. 2012). On the other hand, the 

excessive addition of N has a negative impact on plant 

development (Mehta et al. 2013; Wu et al. 2007; Zhou et 

al. 2012). In relation to the 5 kg dosage of organic 

fertilizer, the dosage was suitable for the growth of teak 

plants since the N content in the soil was very low. 

Furthermore, teak plants in Malaysia are still very tolerant 

to a provision of N of 200 g/plant. It provides a height and 

diameter increase of 33 and 66%, respectively, compared to 
controls (Abod and Siddiqui 2002).  

Phosphorus (P) is very important for plant growth, 

especially in teak because it influences the overall life 

process and the presence of plant cells. The administration 

of P through organic fertilizer has a positive effect on the 

growth both in height and diameter of teak clones. The 

addition of P fosters the formation of young roots, which 

are useful for drought resistance and increases the dry 

weight of leaves and leaf area index of teak plants (Abod 

and Siddiqui 2002). However, a lack of P generally 

decreases the total dry weight of plants and has a negative 

effect on shoot and root dry weight (Brahim et al. 1996) as 

well as the rate of respiration and photosynthesis 

(Thuynsma et al. 2016). Thus, the provision of P for the 

initial growth of teak is very important in supporting plant 

growth.  
Potassium (K) is the third major nutrient after N and P 

(Chesworth 2008). The addition of K through organic 

fertilizer was stimulated plant growth in the present study 

and increases plant resistance to certain diseases and root 

systems (Wang et al. 2013). The addition of 5 kg organic 

fertilizer increased the K content at the research location. 

The provision of 5 kg/plant of organic fertilizer can reduce 

the negative impacts of deficiency of K in the soil on plants 

such as disruption of the translocation process of 

carbohydrate and nitrogen metabolism (Kramer and 

Konzlowski 1979) and inhibition of the plant 
photosynthesis process (Wang et al. 2013).  

Adding organic fertilizer up to 5 kg/plant gives the best 

growth response and greatly helps plants in the initial phase 

of plant growth. This suggests that the organic fertilizer 

was very important in improving the availability of 

nutrients such as N, P and K and increasing teak growth, 

especially by overcoming the limitations of macronutrient 

content at the research location so that clonal forests of 

superior teak could maintain their growth.  

The implication for forest rehabilitation and 

conservation of teak 
Degraded forest is defined as loss of canopy cover, 

reduction of growing, and biomass stock (Vásquez-

Grandón et al 2018). It implied decreasing biodiversity, 

carbon sequestration, and increasing greenhouse gases 

(Gatti et al. 2015). In order to improve the quality of 

degraded forests, an application of selected teak clones and 

organic fertilizer will accelerate forest rehabilitation in the 

lowland forest in Java. Vegetative propagation of selected 

teak clones has successfully supported the rehabilitation of 

degraded forests, both using shoot cutting and budding 

techniques. The shoot cutting is more recommended, as it 

is easier to handle in the nursery than a budding technique. 
Moreover, the degraded site rehabilitation by the addition 

of 5 kg/individual of organic fertilizer could increase the 

growth of the selected teak clone. The increase of height 

and diameter growth at 14 months after planting was 62.7 

and 47.1% greater, respectively than that of the control 

treatment. Our treatment could accelerate land cover and 

improve the land productivity of degraded forests in Java in 

terms of forest rehabilitation. It suggested that our 

treatment would increase and accelerate the land cover of 

lowland degraded forests. On the other hand, accelerating 

rehabilitation also would increase wood production, 
ecosystem services, and species conservation (Chazdon 

2008). 
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