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Abstract. Lestari DA, Fiqa AP. 2020. Environmental factors influence on flowering and fruiting period of selected essential oil plants 
from Annonaceae. Biodiversitas 21: 910-921. Many species of Annonaceae family in tropics produce fragrances, due to the active 

ingredients for essential oils. Since the abundant of flower and fruit production, basic knowledge of flowering and fruiting periods needs 
to be known. The aim of this study was to determine influence of environmental factors to selected essential oil plants flowering and 
fruiting period from Annonaceae family, i.e. Artabotrys suaveolens, Cananga odorata, Desmos chinensis, Dasymaschalon borneense, 
Fissistigma latifolium, and Xylopia malayana. Observations were made throughout the year during dry and rainy season, with each 
phase carried out scoring qualitatively based on its abundance in plant canopy. Data on environmental factors (temperature, humidity, 
and rainfall intensity) were obtained from Registration Unit, Purwodadi Botanic Garden (PBG). Data of flowering and fruiting period 
were analyzed descriptively using Microsoft Excel, while the influence of environmental factors to flowering and fruiting period was 
analyzed by Biplot with Past 3.0. statistic program. Flowering period occurred in wet months at the end of year (November-December), 

while fruiting period occurred in long dry month. Initiation and bloom of flowering were influenced by temperature, while fruiting 
period was largely influenced by humidity and rainfall intensity, except for C. odorata whose fruiting period was influenced by 
temperature. 
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INTRODUCTION 

Plants are living things that rich in active ingredients 

sources, which are used by chemical and pharmaceutical 

industries as raw material for certain products. One of 

products produced is essential oil. Essential oils are one 

example of vegetable oil from organic compounds that 
contain many benefits and are obtained through distillation 

process of plant parts such as roots, rhizomes, stems, 

leaves, flowers, fruits and seeds. Essential oils have a 

distinctive aroma and volatile cause its to be used as basis 

for making fragrances in cosmetics industry (Mangun 

2006; Rusli 2010). The plants that produce essential oils 

have a large and varied amount, one of which is plant 

species from Annonaceae family. 

Many species of Annonaceae family in tropics produce 

fragrances, because they contain active ingredients for 

essential oils. In Annonaceae, the active ingredient 
component for each different plant species is 

predominantly obtained from flowers, fruit, leaves, bark 

and seed coat (Fournier et al. 2011). Plant parts of 

Annonaceae family that known as essential oil source 

production are flower and fruit, those were obtained 

through extraction process on it in a large number. 

Essential oils from Artabotrys spp. fragrances (Phan et al. 

2011; Thang et al. 2013), fresh flower extraction of 

Cananga odorata (Putri et al. 2019), fresh leaf extraction 

from Desmos spp. (Dai et al. 2012), root, bark and fruit 

extraction of Monanthotaxis diclina and Unonopsis 

guatterioides (Fournier et al. 1997), leaf extraction from 

Pseuduvaria spp. (Brophy et al. 2004), leaf extraction from 

Xylopia aethiopica (Karioti et al. 2004) and various 

essential oils produced from various species of Annonaceae 

family. 

Basic understanding of flowering and fruiting period 
needs to be known, since the blooming periods of 

flowering and fruiting become important as it was the raw 

materials for essential oil production. By understanding 

how and when plant flowering and fruiting period then we 

might understand the physiological processes of plants and 

the response of plants to their environment (Brennan 1996; 

Khanduri et al. 2013; Micheloud et al. 2018). This 

environmental factor is important since it is related to the 

response of flowering and fruiting plants. Environmental 

factors can influence quality and quantities of essential oils 

were produced. This is because it influences the active 
ingredients production or secondary metabolites used as 

components of essential oils (Duarte et al. 2018). 

Plant flowering and fruiting patterns in tropics are very 

sensitive to environmental factors fluctuations such as 

temperature and rainfall intensity. If the environmental 

conditions do not allow plants flowering and fruiting, the 

plants will delay the flowering and fruiting period or also it 

might reducing its intensity until environmental conditions 

were allowed (Anderson et al. 2005). Environmental 

factors will influence pattern and productivity of flowers 

and fruits through shifting flowering and fruiting seasons 

(Winarni et al. 2016), especially specific micro-
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environment to plant growth (Wahyuni et al. 2012; 

Panchen 2016). The aim of this study was to determine the 

most influence of environmental factors to flowering and 

fruiting period in selected essential oil plants from 

Annonaceae family, which give some benefit economically 

to the people so people might interest to conserve this local 

plant.
 

MATERIALS AND METHODS  

Study area  

Research was conducted from 2011 to 2014 at 
Purwodadi Botanic Garden (PBG), Indonesia Institute of 

Sciences (LIPI), Pasuruan, East Java (Figure 1). Selected 

essential oil plants from Annonaceae family that observed 

include Artabotrys suaveolens, Cananga odorata, Desmos 

chinensis, Dasymaschalon borneense, Fissistigma 

latifolium, and Xylopia malayana. These species were 

known to have floral scents such as fruit or cananga oil.
 

Procedures 

Observation was made once a week throughout the 

year, to determine flowering and fruiting patterns during 

rainy and dry seasons. The parameters observed were the 
percentage of leaves (immature and senescence), flowers 

(bud and bloom), and fruit (immature and ripe). Each phase 

was scaled qualitatively based on its abundance in the plant 

canopy (Hatta and Darnaedi 2005; Nanda et al. 2014). 

Secondary data of environmental factors i.e. temperature, 

humidity, and rainfall intensity during 2011-2014 were 

obtained from Registration Unit of PBG. 

Data analysis 

Data were analyzed descriptively using Microsoft Excel 

to determine flowering and fruiting period. The influence 

of environmental factors for flowering and fruiting periods 
was analyzed by Biplot method using statistical program 

PAST ver. 3.  

RESULTS AND DISCUSSION 

Flowering and fruiting period of selected essential oil 

plants from Annonaceae  

The flowering period of selected essential oil plants 

from Annonaceae family occurs in wet month at the end of 

the year (November-December), while the fruiting period 

occurs in the long dry month (April-October). Species of 

D. chinensis, C. odorata, and D. borneense have sub-

annual flowering patterns (occurs more than one cycle in a 

year) and species of A. suaveolens, F. latifolium, and X. 
malayana have annual flowering patterns (only occur one 

cycle in one year) (Table 1). The fruiting pattern is 

generally supra-annual (one cycle length needs more than one 

year). D. borneense did not produce fruit during observations; 

nevertheless, this species produces flowers every year.
 

The influence of environmental factors on flowering 

and fruiting periods
 

The appearance of immature leaves was generally 

influenced by temperature factors, except for X. malayana 

which was influenced by humidity and rainfall intensity. 

Whereas, the appearance of senescence leaves was 
generally negatively influenced by humidity and rainfall 

intensity, except for D. borneense whose appearance of 

immature and senescence leaves were influenced by 

temperature. Plants of C. odorata was influenced by 

temperature, and species of F. latifolium was positively 

influenced by humidity and rainfall intensity, while X. 

malayana was negatively influenced. Positive effect means 

that if the environmental factors are large, the production of 

leaves, flowers, and fruit is also large, and vice versa. 

Negative effect means that if the environmental factors are 

big, so that leaves, flowers and fruit productions are small, 
and vice versa. Each flowering and fruiting behavior in one 

species can be influenced by different environmental 

factors, as well as the same flowering and fruiting behavior 

in different species can also be influenced by different 

environmental factors. 

 

 

 

  
 

Figure 1. Research location in PBG, Pasuruan, East Java, Indonesia (red circle symbol is observation location) 

Scale 1:1500 
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Table 1. Flowering and fruiting period of selected essential oil plants from Annonaceae 
 

Species Year 
Flowering and fruiting period 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

A. suaveolens 2011             
2012             
2013             
2014             

C. odorata 2011             
2012             
2013             
2014             

D. chinensis 2011             
2012             
2013             
2014             

D. borneense 2011             
2012             
2013             
2014             

F. latifolium 2011             
2012             
2013             
2014             

X. malayana 2011             

2012             

2013             

2014             

Note: : flowering, :  fruiting, : flowering and fruiting 

 

 
 

 

Generally, flowering and fruiting behavior in A. 

suaveolens was most influenced by humidity (Table 2). 

Flowering initiation process of A. suaveolens was 

influenced by temperature, while fruiting initiation process 
was positively influenced by rainfall intensity. Besides 

them, fruiting initiation process was also negatively 

influenced by temperature (PC 2) in Table 2. Another 

phenological behavior, such as the appearance of immature 

leaves, was also influenced by temperature (Figure 2). 

The flowering period of A. suaveolens was influenced 

by the ambient temperature. Generally, an enhancement of 

temperature initiates flower buds formation and followed 

by flowering formation (Figure 3). Flowering phase of this 

species was finished when temperature drops. Different 

from flowering period, the initial fruiting period was 

influenced by rainfall intensity. However, rainfall intensity 
can initiate fruiting only occurs in 2011-2012, beginning 

with a month without long rains and then followed by high 

rainfall intensity (up to 24 mm in a month). Fruiting 

initiation period was finished when the rainfall intensity 

was low. 

In contrast to A. suaveolens, the most influential 

environmental factor in C. odorata flowering and fruiting 

behavior is rainfall intensity, as seen on PC 2 (Table 3). 

However, the environmental factor was influencing 

flowering initiation was temperature, although not very 

significant. Fruiting initiation and formation of this species 
were also influenced by temperature. In addition, 

temperature also influences to immature leaves initiation 

(Figure 4). 

On average, C. odorata periods of flowering only stop 

for 4 months per year. Based on statistics, the flowering 

period was influenced by temperature, but flowering 

pattern and its relationship to temperature fluctuations were 
less clear (Figure 5). Fruiting period of this species was 

also influenced by temperature fluctuations. In year of 

2011 and 2012, fruiting period clearly occurred when the 

highest temperature, but the fruiting period was changed in 

year of 2013 and 2014. The fruit only occurs in the middle 

of the year (2013), while in 2014, this species actually 

fruiting on four times (at the beginning of the year, mid-

year and end of the year). 

Temperature was the most influenced an environmental 

factor in the flowering and fruiting period of D. chinensis 

(Table 4 on PC 2). Same with the other species, flowering 

period of D. chinensis was also influenced by temperature. 
Initiation of fruiting in this species was positively 

influenced by humidity and rainfall intensity, but 

negatively influenced by temperature. Senescence leaves 

was negatively influenced by rainfall intensity and 

humidity (Table 4, Figure 6).
 

The flowering initiation process of D. chinensis was 

begun with the rising temperature which was higher than 

normal (Figure 7). Flowering period of this species would 

end if the temperature decreases back to usual (±25°C). 

Fruiting period of this species has annual frequency and 

was usually influenced by increasing rainfall intensity and 
humidity in their environment. 
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Rainfall intensity was the most influential factor in D. 

borneense flowering and fruiting period (the greatest value 

in Table 5 on PC 1). The bud and bloom flower initiation 

process in this species was influenced by temperature. 

Temperature also influences to the immature and 

senescence leaves initiation process (Figure 8). The 

environmental factors were influenced by fruiting period 

cannot be determined, because of this species never fruiting 

during observations.
 

D. borneense has a quite high flowering frequency 
compared to the other species were observed. Qualitatively, 

this species would be initiate of bud flower when 

temperatures tend to be high (Figure 9), followed by flower 

bloom. Although has continual frequency to flowering, this 

species does not produce any fruit during the observation 

done. 

Generally, humidity was giving influence to the F. 

latifolium flowering and fruiting period (Table 6 on PC2). 

Initiation of bud flower until bloom flower and immature 

leaves process in this species was influenced by 

temperature. Meanwhile, the initiation of immature fruit 
until ripe fruit process was influenced by humidity and 

rainfall intensity, and also negatively influenced by 

temperature (Table 6, Figure 10).
 
 

 

 
Table 2. Eigenvalue of environmental factors influence to 
flowering and fruiting period of A. suaveolens 
 

 PC 1 PC 2 

Flowering and fruiting activity 
Lim 0.20671 -0.1348 

Lse -0.20719 -0.087609 
FlBud 0.50639 -0.3142 
FlBl 0.52879 -0.31244 
FrIm 0.28335 0.31037 
FrRipe -0.23278 -0.091046 

Environmental factor 
RF 0.40639 0.44547 
RH 0.17296 0.6247 

T 0.22079 -0.29068 

 

 
 
Table 3. Eigenvalue of environmental factors to flowering and 

fruiting period of C. odorata 
 

 PC 1 PC 2 

Flowering and fruiting activity 
Lim 0.42288 0.2632 
Lse 0.051542 -0.42536 
FlBud 0.46407 -0.068145 

FlBl 0.51469 -0.036051 
FrIm 0.18314 0.38809 
FrRipe 0.15474 0.4017 

Environmental factor 
RF -0.23493 0.438 
RH -0.38377 0.39374 
T 0.2798 0.29154 

 
 
 
 

Table 4. Eigenvalue of environmental factors to flowering and 
fruiting period of D. chinensis 

 

 PC 1 PC 2 

Flowering and fruiting activity 
Lim 0.29237 0.061232 
Lse -0.34233 0.13851 
FlBud 0.39483 0.36827 

FlBl 0.39174 0.27867 
FrIm 0.15748 -0.51933 
FrRipe -0.33313 -0.15336 

Environmental factor 
RF 0.42979 -0.21645 
RH 0.39552 -0.39393 
T 0.10513 0.5182 

 

 
Table 5. Eigenvalue of environmental factors to flowering and 
fruiting period of D. borneense 

 

 PC 1 PC 2 

Flowering and fruiting activity 
Lim 0.077117 0.46203 
Lse -0.28731 0.44652 
FlBud 0.40205 0.46948 
FlBl 0.43035 0.44684 

Environmental factor 
RF 0.56122 -0.23707 
RH 0.49898 -0.30403 
T -0.026836 0.13574 

 
 
Table 6. Eigenvalue of environmental factors to flowering and 
fruiting period of F. latifolium 

 

 PC 1 PC 2 

Flowering and fruiting activity 
Lim 0.45763 -0.17897 
Lse -0.30977 -0.091605 
FlBud 0.49878 -0.14262 
FlBl 0.52653 -0.060692 

FrIm 0.054009 0.13879 
FrRipe 0.036276 0.30768 

Environmental factor 
RF 0.28127 0.5337 
RH 0.10689 0.66547 
T 0.27173 -0.30649 

 
 
Table 7. Eigenvalue of environmental factors to flowering and 

fruiting period of X. malayana 
 

 PC 1 PC 2 

Flowering and fruiting activity 
Lim 0.45763 -0.17897 
Lse -0.30977 -0.091605 
FlBud 0.49878 -0.14262 

FlBl 0.52653 -0.060692 
FrIm 0.054009 0.13879 
FrRipe 0.036276 0.30768 

Environmental factor 
RF 0.28127 0.5337 
RH 0.10689 0.66547 
T 0.27173 -0.30649 
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Figure 2. Diagram of environmental factor influence to flowering and fruiting period of A. suaveolens; RH: humidity, RF: rainfall 
intensity, T: temperature, Lim: immature leaves, Lse: senescence leaves, FlBud: flower bud, FlBl: flower bloom, Frim: immature fruit, 
FrRipe: ripe fruit. Value of component 1 explains 27.77% of all environmental factors were observed, while component 2 explains 
20.30%.
 
 
 
 

 

 

 
 
Figure 3. Relationship of environmental factor with flowering and fruiting period of A. suaveolens 
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Figure 4. Diagram of environmental factor influence to flowering and fruiting period of C. odorata; RH: humidity, RF: rainfall intensity, 
T: temperature, Lim: immature leaves, Lse: senescence leaves, FlBud: flower bud, FlBl: flower bloom, Frim: immature fruit, FrRipe: 
ripe fruit. Value of component 1 explains 27.47% of all environmental factors was observed, while component 2 explains 21.79%. 

 

 

 

 

 

 
 
Figure 5. Relationship of environmental factor with flowering and fruiting period of C. odorata 
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Figure 6. Diagram of environmental factor influence to flowering and fruiting period of D. chinensis; RH: humidity, RF: rainfall 
intensity, T: temperature, Lim: immature leaves, Lse: senescence leaves, FlBud: flower bud, FlBl: flower bloom, Frim: immature fruit, 
FrRipe: ripe fruit. Value of component 1 explains 34.23% of all environmental factors were observed, while component 2 explains 
19.56%.
 

 

 

 

 

 
 
Figure 7. Relationship of environmental factor with flowering and fruiting period of D. chinensis 
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Figure 8. Diagram of environmental factor influence to flowering and fruiting period of D. borneense; RH: humidity, RF: rainfall 
intensity, T: temperature, Lim: immature leaves, Lse: senescence leaves, FlBud: flower bud, FlBl: flower bloom, Frim: immature fruit, 
FrRipe: ripe fruit. Value of component 1 explains 29.97% of all environmental factors were observed, while component 2 explains 
23.39%.
 

 
 

 

 

 
 
Figure 9. Relationship of environmental factor with flowering and fruiting period of D. borneense 

 

 

 

Qualitatively, the flowering period pattern of F. 

latifolium based on statistical tests was influenced by 
temperature (Figure 11). The flowering period of this 

species was influenced by an enhancement of temperature 

above from monthly average, and the flowering period would 

end when temperature decreases. Meanwhile, based on the 

statistical test, fruiting period of this species was influenced 

by humidity and rainfall intensity. Humidity that tends to 

be high and stable will trigger of fruiting, while high 

rainfall intensity will trigger of fruiting initiation period. F. 

latifolium starts to ripe fruit when the third year of observation 

takes place (2013) and this pattern would repeat which was 

preceded by an enhancement of rainfall intensity. 

Rainfall intensity was the most influenced 

environmental factor to the X. malayana flowering and 
fruiting period (Table 7 on PC1). In this species, 

temperature was influenced by the flowering initiation of 

this species, but bloom flower was actually influenced by 

rainfall intensity and humidity. Temperatures give 

negatively effect to the fruit immature formation process, 

while ripe fruit process was negatively influenced by 

humidity and rainfall intensity. The process of immature 

leaves formation was negatively influenced by temperature, 

while senescence leaves was negatively influenced by 

rainfall intensity and humidity (Figure 12). 
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Figure 10. Diagram of environmental factor influence to flowering and fruiting period of F. latifolium; RH: humidity, RF: rainfall 
intensity, T: temperature, Lim: immature leaves, Lse: senescence leaves, FlBud: flower bud, FlBl: flower bloom, Frim: immature fruit, 
FrRipe: ripe fruit. Value of component 1 explains 33.74% of all environmental factors were observed, while component 2 explains 

19.88%.
 
 
 
 

 

 
 
Figure 11. Relationship of environmental factor with flowering and fruiting period of F. latifolium 

 

 



LESTARI & FIQA-Environmental factor influence to flowering and fruiting period 

 

919 

Based on statistical tests, flowering period of X. 

malayana was influenced by many factors. Flowering 

initiation was influenced by temperature, but unfortunately, 

it did not show qualitatively in Figure 13. Flower buds 

begin to initiate and the intensity will be increased after 

temperature drops, from high initially. The development of 

flowers to bloom was influenced by rainfall intensity and 

humidity. Flowers bloom would initiate by an enhancement 

of rainfall intensity and humidity (more humid point). 

Meanwhile, the pattern of X. malayana fruiting period 
statistically has not been proven to be influenced by 

environmental factors, because of X. malayana has only 

ripe fruit once during the observation (in 2012). 

Qualitatively, this species has begun to ripe fruit during a 

dry month and was stable for four months at its lowest point. 

Discussion 

Lestari (2019) states that the peak of flowering in 

Annonaceae plant collection in PBG occurs during the wet 

month and the peak of fruiting occurs consistently during 

the dry month with a fairly long period of time between 

November and February. The reproductive phase will 
decrease along with the increase of temperature during the 

dry season (Danarto 2013). D. borneense is quite 

productive in producing flowers, but it will be quite 

difficult to develop, because this species has difficulty 

producing fruit. The species that are easily developed and 

introduced to the surrounding community as oil-producing 

plants are A. suaveolens, C. odorata, and D. chinensis. 

These species are native plant in Indonesia 

(powo.science.kew.org. 2019), the basic of flowering and 

fruiting period from these species can be used to conserve 

if planted by community.  
The appearance of flower buds and bloom flowers were 

greatly influenced by temperature factors. This is inversely 

proportional to the statement from Handayani (2016) which 

states that the most influential environmental factor on 

flowering Annonaceae is rainfall intensity, but does not 

influence the conception of Annonaceae. The emergence of 

fruit both immature and ripe fruit was more influenced by 

humidity and rainfall intensity. 

Considering that the essential oils productions were 

used flowers as the material, the micro-temperature that 

affect flower production around species selected needs 

more attention. This aims to produce abundant flowers. 

Generally, the temperature required by selected essential 

oil plant species from Annonaceae in the range of 24.05°C-
27.65°C. Selected essential oils plants species from 

Annonaceae will produce abundant flowers when the 

temperature is moderate. The lowest phase for Annonaceae 

plant collections in PBG during flowering is in the dry 

season (Lestari 2019). According to Anderson et al. (2005), 

the percentage of flowering plants during the dry season in 

the dry tropical forests is very low and flower production 

will be abundant when sufficient water is available or 

occurs in the wet month. 

The appearance of immature leaves was generally 

influenced by temperature, while the appearance of 
senescence leaves was negatively influenced by rainfall 

intensity and humidity. Janzen (1974) and Nanda et al. 

(2017) states that rainfall intensity gives a significant 

negative effect on the appearance of senescence leaves. 

This indicates that senescence leaves initiation began to 

occur during the dry season period. If there is a generative 

phase during the dry season, it will provide benefits for 

these plant species because the energy from its resources 

was shared for vegetative and generative phase’s growth. 

Therefore, each plant species during the flowering and 

fruiting phases will be influenced by specific 
environmental factors, while the biophysical character of 

each plant was also different (Wahyuni et al. 2012). 

Generally, environmental factors will give influences the 

plants production (Bawa et al. 2003). The essential oils 

obtained through a part of plant in a certain amount.
 
 

 
Figure 12. Diagram of environmental factor influence to flowering and fruiting period of X. malayana; RH: humidity, RF: rainfall 
intensity, T: temperature, Lim: immature leaves, Lse: senescence leaves, FlBud: flower bud, FlBl: flower bloom, Frim: immature fruit, 
FrRipe: ripe fruit. Value of component 1 explains 31.31% of all environmental factors were observed, while component 2 explains 18.52%
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Figure 13. Relationship of environmental factor with flowering and fruiting period of X. malayana 

 

 

 

Even though on essential oils production flower 

numbers on selected species become main attention, but the 

whole phenology process still important to consider. It is 

known from the research result that leaves abundance does 

not indicate the flower abundance; however other species 

of Annonaceae such as Desmos, Xylopia, and Pseuduvaria 
produce essential oils from their leaves (Brophy et al. 2004; 

Karioti et al. 2004; Dai et al. 2012). In addition, fruiting 

process becomes important to pay attention since it affects 

on seed production that will use on plant propagation. 
 

The period of flowering and fruiting in plants is a 

natural period that is seasonal and commonly known as 

phenology. Phenology is closely related to environmental 

factors. Because events in phenology are seasonal, they are 

often influenced by temperature factors. Plants species in 

sub-tropical regions have earlier flowering and fruiting 

periods than in the tropics. Microclimate is the most 

important factor and has a significant influence on 

flowering and fruiting periods compared to height and 

location (Panchen 2016). The peak of flowering will occur 

at the end of the dry month and the peak of fruiting will 

occur at the beginning of the wet month (Kurten et al. 

2018). 
Natural phenomena occurring in plant life cycles such 

as leaf senescence, flowering, and fruiting, generally vary 

depending on environmental conditions, especially for 

plant species that can live in a wide range of climatic and 

edaphic types (Cleland et al. 2012). Each species of plant 

will have different flowering and fruiting behavior patterns, 

but in general, it starts with flower bud initiation and ends 

with fruit maturity (Tabla and Vargas 2004; Syamsuwida et 

al. 2014). Phenological studies on the six species of 

Annonaceae plant collections in PBG have the potential to 

produce essential oils. This is showed that temperature has 
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a positive influence on the flowering initiation process for 

all species observed. Meanwhile, the bloom flower process 

is influenced by different factors in each species. 
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