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INTRODUCTION 
 
Brucea javanica (L.) Merr is an evergreen shrub plant which belongs to a member of the family Simaroubaceae. B.javanica 

species is widely distributed in tropical and sub-tropical areas in Southern China, Southeast Asia, New Guinea, and Northern 

Australia [1,2,3]. Well known as Ya-Tan-Zhu in China and buah Makasar in Indonesia [4], this plant could reach up to 3 m and 

grows up to 500 m above sea level. The fruit of this plant is oval, about 8 mm long, and being black if the fruit is ripe. The seeds 

are round and have a white color and a bitter taste.  B.javanica is well known as a medicinal plant due to its various chemical 

components, such as steroids [5], flavonoids [6,7], alkaloids [8], terpenoids [9], quassinoids [10,11], phenol [13], and lignans 

[14]. Therefore, parts of this plant can be used as medicines to reduce heat [15], cleanse toxins [16], stop bleeding (hemostasis) 

[17], and treat malaria [18]. It has been reported also that B.javanica has the activity as anti-inflammatory [1], antiviral [11], 

antihypertensive [17], antidiabetic [13,19], antitumor [20,21], and anticancer [22,23]. Brucea javanica also enhances immune 

function [24,25].  Drought stress is known as the most destructive abiotic stresses affecting plant growth and productivity [26]. 

Drought is defined as a period without significant rainfall. Generally, drought stress occurs when the available water in the soil 

decreases and atmospheric conditions cause continuous water loss due to the process of transpiration or evaporation. The 

severity of dry stress depends on many factors such as rainfall distribution, soil evaporation, and soil moisture storage capacity 

[27,28]. It has been reported that dry areas cover more than 40% of the world´s land surface which the cultivated lands 

encompass 25% of total drylands area [29].   

As sessile organisms, plants are constantly exposed to a plethora of environmental cues throughout their life.  As a consequence, 

they have evolved a set of strategies that allow them to cope with water deficit conditions [30]. In addition to the severity and 

duration of stress, plant response to drought also depends on the growth stage of the plant. It is considered that cell growth is one 

of the most drought-sensitive physiological responses of plants [31,32]. As a result of the complex interaction between cell 

division, cell enlargement, and cell differentiation, plant growth inhibition can arise due to lacking water availability for the 

growing cell [33,34]. Impairing in the processes of cell mitosis, elongation, and expansion, lead to the reduction in plant height, 
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used as an approach focusing on the growth medium to enhance plant productivity under drought.  
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leaf area, root growth, and biomass production under drought. Reduced plant growth under water stress was observed in several 

crop plants, such as rice [35,36], wheat [37,38], millet [39], corn [40], pea [41,42], potato [43], and soybean [44].  

Fertilizer is the material given to plants that function to change the physical, chemical or biological properties of the soil and to 

complement nutrient availability for better plant growth.  Chemical/ inorganic fertilizer is a fertilizer type from chemical 

substances as plant nutrients.  However, continuous use of inorganic fertilizers on a large scale will cause environmental 

degradation problems. In overcoming this problem, the utilization of organic and biological fertilizer is the right choice related to 

the development of sustainable agriculture mechanisms. As one of organic fertilizers, compost plays a very significant role in 

improving soil fertility and soil properties, thereby promoting plant growth and productivity. As a mixture of many organic 

wastes, compost application can be used as a source of organic matter (SOM) to provide macro and micro-nutrients for the plant, 

such as phosphorus and nitrogen [45,46], as well as to build organic carbon stocks in the soil [47]. Furthermore, compost 

functions to enhance soil aggregation and stability. These factors are required for improving soil structure and porosity which are 

very important not only for root proliferation in plants but also for gas exchange, water movement and microbial activity for soil 

fertility [48,49]. 

 This study was performed to evaluate the effects of compost on the growth of B.javanica under drought stress. Due to a 

high level of its exploitation as a medicinal plant, it is necessary to conduct research related to the aspect of sustainable 

cultivation of this plant under drought stress conditions. The effect of compost as organic fertilizers on soil water content  and 

plant growth under water deficit conditions is just little known [50]. Therefore, the results of this study are expected to provide 

information about the function of compost in improving the growth of B.javanica plants cultivated on drylands. 

 

MATERIALS AND METHODS 

 

Experimental design 

The experiment in this study was arranged in a completely randomized design with two-factor treatments, namely drought stress 

and compost, with four replications. The drought stress treatment was comprised of three levels of watering periods, which the 

treatments are P1 = watering every day as a control treatment, P2 = watering every three days, and P3 = watering every seven 

days. Plant watering was performed until it reached 100% field capacity as determined by the weight of the growth medium. The 

compost treatments consist of two types of compost application on the growth medium, namely M1 = 100% soil without 

compost, and   M2 = a mixture of soil and compost as an organic fertilizer at a ratio 2: 1 (v/v). The physicochemical characters 

of compost used in this study are presented in Table 1.  

Seeds of B.javanica used for this experiment are germplasm collection of Plant Physiology Laboratory, Division of Botany, 

Research Centre for Biology, Indonesian Institute of Sciences (LIPI). The seeds were germinated in petri dishes containing 

moistened absorbent paper in a germination chamber for 2 weeks. The uniformly germinated seeds then were transferred in the 

pot-based system (Ø = 28 cm, height: 35 cm, filled with 8 kg growth medium) and acclimatized in the greenhouse with 

temperature 300 C ± 50 C, relative humidity 60% ± 20%, and a natural photoperiod. Compost and drought stress treatments 

started to be subjected to the growth medium when the plants already reached 4-week old. The observation was performed at the 

harvesting time on 24-week old plants. 

 

Table 1. Physico-chemical characters of compost used in this study 

                     Characters                Value 

Cation Exchange Capacity (CEC) 13.56   cmol/100g 

C – Organic 5.33   % 

Total  K 0.36   cmol/100g 

Total  N 0.21   % 

C/N 25.38 

Na 8.39       ppm 

P 342.02   ppm 

Mn 458.28   ppm 

Cu 22.86     ppm 

Fe 22.75     ppm 

Zn 45.05     ppm 

 

Water potential status and temperature of the growth medium 

The water potential (PA) on growth medium in every treatment was analyzed by using Dewpoint Potentia Meter WP4. This 

measurement was performed at harvesting time on 24-week plants. About 10 g of growth medium were used to quantify its 

water potential value.  Furthermore, the WP4 instrument was also used to measure the temperature of the growth medium. 

 

Relative Water Content (RWC) 

In order to determine relative water content (RWC) in leaves, the fresh 4-cm diameter of fully expanded leaves of B.javanica 

plant was sampled, weighed (FW), and then placed in distilled water in Petri dishes for 48 hours in the dark conditions for full 

turgidity.  Afterwards, the turgidity of leaves (TW) was measured. The dry weight of leaves was recorded after the leaves were 

dried in an oven with a temperature of 600C for 48 hours until leaves attained the constant weight. Relative water content in 

leaves was calculated according to the following method given by Mayak et al [51]: 
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FW = fresh weight of leaves, DW = dry weight of leaves, TW = turgid weight of leaves. RWC of leaves was calculated by using 

5 leaves in every treatment.  

 

Vegetative growth parameters 

Several vegetative growth parameters measured in this study were the leaf number, stem diameters, shoot length, root length, 

fresh weight and dry weight of the shoots, as well as fresh weight and dry weight of the roots. The leaf number was counted on 

all fully expanded leaves in the plant. The height of the plant was measured from the base of the plant up to the tip of the shoot. 

The length of the root was measured on the primary root, from the base of the root that borders to the base of the plant to the tip 

of the root. For the biomass parameter, the fresh weight of shoots and roots were recorded on fresh weight shoots and roots at 

harvesting time. The dry weight of shoots and roots was analyzed on shoots and roots after being dried in an oven at 600 C for 3 

days until it reached a constant weight. 

 

Statistical analysis 

 Analysis of variance was performed on water potential and temperature of the growth medium, relative water content 

(RWC), and vegetative growth parameters according to a factorial design. Each treatment and their correlation were statistically 

analyzed by using SigmaStat software. LSD (Least Significant Different) test at a 5% level was used to determine significant 

differences in the measured parameters. 

 

RESULTS 

 

Water potential status and temperature of growth medium 

 The watering period treatments generated a negative effect on the water potential of the growth medium (Fig. 1B). In 

this study, the lowest water potential in the growth medium which reached -9.77 MPa, was obtained on M1P3 treatment. P3 

treatment performed drought stress level which was more than that P1 and P2 treatments. It means that an increase in the 

duration of the watering period treatments leads to a decrease in the water potential of the growth medium. However, the 

application of compost (M2) had the ability to suppress the decreasing water potential of the growth medium under drought 

stress. Though compost treatment showed its effect on the growth medium under water deficit conditions, it had no effect on the 

temperature of the growth medium (Fig.1B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Water potential and temperature of the growth medium. The measurement was performed at harvesting time on 24-week plants.  

M1P1 = Soil (100%) without compost in the treatment of watering every day, M2P1 = Soil with compost (2:1, v/v) in the treatment of watering 

every day, M1P2 = Soil without compost in the treatment of watering every three days, M2P2 = Soil with compost (2:1, v/v) in the treatment 
of watering every three days, M1P3 = Soil without compost in the treatment of watering  every seven days,  and M2P3 = Soil with compost 

(2:1, v/v) in the treatment of watering  every seven days. Data are means ± SD (n = 4).  

 

Relative Water Content (RWC) 
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 Water deficit performed by watering period treatment exerted a negative effect on RWC of B.javanica leaves. As 

shown in Figure 2, the presence of compost in the growth medium subjected to drought stress induced the RWC on the leaves of 

B.javanica  (M2P3). The leaves of B.javanica lost much more water in P3 treatment as compared to those in P1 and P2 

treatments.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.  Relative Water Content (RWC) of B.javanica leaves.  The data was collected at the harvesting time on 24-week plants.  M1P1 = 

Soil (100%) without compost in the treatment of watering every day, M2P1 = Soil with compost (2:1, v/v) in the treatment of watering every 

day, M1P2 = Soil without compost in the treatment of watering every three days, M2P2 = Soil with compost (2:1, v/v) in the treatment of 

watering every three days, M1P3 = Soil without compost in the treatment of watering  every seven days,  and M2P3 = Soil with compost (2:1, 
v/v) in the treatment of watering  every seven days. Data are means ± SD (n = 4). 

 

Vegetative Growth  

 Compost applied to the growth medium showed a positive effect as compared to medium without compost in the 

parameter of relative leaf number (Fig. 3A). Well-watered plants had the ability to maintain their leaves number in the presence 

of compost in the growth medium, whereas plants grown in the medium without compost lost many of their leaves. Even though 

decreased leaves number was presented in the plants grown in the medium with the treatments of watering every three days and 

every seven days, but it was less in the presence of compost in the growth medium. The highest relative leaf number in 24-week 

plants was reached by the watering everyday treatment with the application of the compost in the growth medium. However, the 

highest rate (~ 90%) of decreasing leaf number was performed in B.javanica plants grown in the medium without compost and 

with a watering period every seven days (M1P3). Compost application presented similar result with the treatment without 

compost in the growth medium in all of watering period treatments in the parameter of relative plant height (Fig. 3B). Compost 

application presented a similar effect as compared to the medium without compost in 24-week plants in relative steam diameter 

(Fig. 3C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  
Vegetative growth measurement of B.javanica.  A. Relative leaf number, B. Relative plant height, C. Relative steam diameter. Vegetative 
growth measurement was performed on 24-week plants and then compared to the measurement on 8-week plants to determine its relative.  

M1P1 = Soil (100%) without compost in the treatment of watering every day, M2P1 = Soil with compost (2:1, v/v) in the treatment of watering 

every day, M1P2 = Soil without compost in the treatment of watering every three days, M2P2 = Soil with compost (2:1, v/v) in the treatment 

of watering every three days, M1P3 = Soil without compost in the treatment of watering  every seven days,  and M2P3 = Soil with compost 
(2:1, v/v) in the treatment of watering  every seven days. Data are means ± SD (n = 4). 

 

 Biomass production under drought is an important trait for crop production. Drought performs a negative impact on 

biomass accumulation during the plant growth stage. Compost significantly induced the shoot and root biomass of B.javanica 

plant as compared to the medium without compost under the normal conditions (Table 2). The fresh and dry weight of the shoot 

by the application of compost was significantly different from those in the growth medium without compost under drought stress 
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generated by a watering period every three days. Compost also increased significantly the fresh weight of shoot under the 

treatment of every seven days watering periods. Meanwhile, the application of compost at the ratio of soil: compost (2 : 1, v/v) 

was not significantly different in the fresh and dry weight of root under drought stress conditions. 

 

Table 2. Interaction of drought stress and compost applications on the biomass of B.javanica plants 

Drought stress 

treatments 

Compost treatments Shoot fresh 

weight (g) 

Shoot dry 

weight (g) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

Watering every 

day  

Non compost (Control) 39.03 
a 

11.88 
a 

16.50 
a 

 7.13 
a 

Compost 68.80 
b 

21.20 
b 

27.00 
b 

13.23 
b 

Watering every 

three days  

Non compost (Control) 34.43 
a 

10.40 
a 

14.80 
a 

4.38 
a 

Compost 61.95 
b 

17.88 
b 

16.88 
a 

5.00 
a 

Watering every 

seven days  

Non compost (Control) 15.98 
a 

6.90 
a 

5.70 
a 

1.93 
a 

Compost 23.80 
b 

8.05 
a 

6.57 
a 

2.43 
a 

     

 

Values are the averages for each group (n=4). For each column, different letters indicate significant differences by t-test (p < 

0.05) at the same drought stress treatment. The measurement was performed in the harvesting time on 24-week plants. 

 

DISCUSSIONS 

 

 Drought is considered as one of the most environment constraints all over the world. Drought leads to a strong impact 

due to disrupting the water status both of the soil and the plant tissue, thereby affecting plant growth and productivity. A 

decrease in water potential is considered as one of the quantitative parameters that can be used to indicate the level of dryness of 

the soil [52].  In this study, drought-affected the decrease in the water potential of B.javanica growth medium. As shown in 

Figure 1A, the value of soil water potential was formed in a more negative level by increasing the duration of water period 

treatments. According to this result, it can be underlined that the higher level of soil water deficit resulted in the more negative of 

the soil water potential value. In corresponding with this study, research conducted by Lee and Mudge [53] on water soil status 

in the growth medium of American ginseng (Panax quinquefolius L.) also showed that the water potential of the growth medium 

presents a decreased value by progressing its water deficit. These conditions are in accordance with what was stated by Jones 

[54] that the lowering soil water potential is a consequence of a system subjected to water shortage. 

  Various approaches have been developed to enhance plant productivity under drought. The use of drought-tolerant 

cultivars to improve plant yield is a considerable part of approaches in this matter. However, another approach must be taken in 

the growth medium site to overcome drought experienced to the plants. During water deficit, a strategy is required to reduce the 

evaporation from the soil so that its humidity cannot decrease dramatically. Compost can decrease soil evaporation in the growth 

medium [55]. It is due to the responsibility of compost to enhance water-holding capacity thereby increasing soil water 

availability [56]. The amount of water that is accessible to a growing plant will depend on two elements: the quantity of water 

that is capable to penetrate into the soil and the quantity of water that the soil is able to maintain onto [57]. Compost 

administrated in the growth medium is seen as an approach that can be used to reduce the negative impact of drought on the 

plants. In this study, compost, however, functioned to suppress the decreasing of soil water potential in the medium under water 

stress conditions (Fig. 1A).  It means that compost in the growth medium performed the soil water potential which was less 

negative as compared to the growth medium without compost. Under drought stress, compost allowed the soil to hold more 

water which then was needed by the plant for growth and development processes. This has corresponded to the result of relative 

water content (RWC) on the leaves of B.javanica plants. The ability of compost to suppress the negative level of soil water 

potential in the growth medium resulted in the increasing level of relative water content (RWC) of the plant by compost under 

P3 treatment (Fig. 2). It has been reported that relative water content (RWC) in the plant leaves is an essential barometer of 

water status in plants which expresses the balance between water supply to the leaf tissue and transpiration rate [58]. Drought 

decreases leaf relative water content (RWC) on the plant species [59]. Plants having more resistant characters toward drought 

show a higher RWC as compared to the sensitive ones.  

 During drought conditions which lead to decreasing of soil water potential (Fig. 1A), the ability of the plant to uptake 

nutrients from the soil is also decreased [60]. This is due to the reduction in nutrients diffusion rate from the soil to the absorbing 

root surface [61].  Moreover, several conditions, such as reduced transpiration, impaired active transport and membrane 

permeability under drought also affect the reduction of plant ability in the nutrient uptake process. Taken together, these 

conditions during drought caused negative impacts on the vegetative growth of B.javanica plant (Fig. 3). Compost applied to the 

soil had the ability to minimize the reduction of B.javanica growth under drought. As one of the organic fertilizers, compost 

replenishes particularly soil organic matter and provides nutrients for the plant [62]. The organic matter, and also macro and 

micronutrients of compost used in this study, such as C-organic, N, P, K, Na, Mn, Cu, Fe, and Zn (Table 1) serves as a vital 

component in soil fertility by improving soil aggregation, structure stability, and water infiltration [63]. Furthermore, compost 

also can improve the physical, chemical, and biological properties of soils [64].   

 As described in Table 2, compost can stimulate plant growth in several parameters, such as fresh weight and dry weight 

of the shoots of B.javanica plants. Compost used in this study contributed to the addition of 5.33% C-organic in the growth 

medium. Besides as an energy source for microorganisms activity, C-organic also has the functions to increases the capacity of 

the soil to maintain nutrients and the soil cation exchange [65]. Compost containing essential macronutrients, such as nitrogen 

(N), phosphorus (P), and potassium (K) (Table 1), were supplied to the growth medium to increase their concentration as plant  
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nutrition for growth and development. In addition, micronutrients provided by compost, such as Mn, Na, Cu, Fe, and Zn (Table 

1) are always required in very little amounts but play a very important role in the physiological processes of the crop plants. 

However, the humic substances in compost also contribute to the enhancement of the shoot biomass production via the hormonal 

effect on root elongation and plant development [66].  When the plant loses its turgor during dry conditions, compost will 

increase the transpiration process to prevent overheating on the leaf surface. Due to its high-water use, increasing of transpiration 

process can stimulate biomass production of the shoots and leaf area index [53].  

 

CONCLUSION 

 As an approach to enhance plant productivity under drought, compost applications have performed several points to 

improve the soil characters and plant growth. Compost adds the organic matter to promote the process of water interacting with 

the soil. Compos suppressed the decreasing water potential of the growth medium and relative water content (RWC) on the plant 

leaves. Compost also improved the biomass production of the plant shoot subjected by drought as compared to the growth 

medium without compost due to the macro and micronutrients consisted in the compost.  
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