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Abstract: Tomato farmers in Indonesia face challenges such as unpredictable weather conditions
that can affect crop yields. Climatic stress, such as drought and heat, can have significant effects on
plant growth. Plant Biostimulant have been shown to alleviate climatic stress in plants by modifying
physiological processes and enhancing stress tolerance, ultimately improving crop growth and
productivity. Recently, weed extract can serve as a biostimulant to improve growth and
productivity of crops. This research aimed to determine the best concentration of weed extract-
based biostimulant (WEBB) to increase tomato growth and production in dry season. The research
was conducted on June to September 2024 in Tutul Village, Balung District, Jember Regency. The
research used Randomized Block Design consisted of five levels of WEBB concentrations, i.e. 0, 1, 2,
3 and 4 ppm. The concentration of WEBB at 1 ppm significantly increased early growth of stem and
the number of leaves at 2 WAP by 16.39% and 39.02% respectively. The application of WEBB at 1-2
ppm also showed a significant increase in the number of fruits by 24.49% compared to control. This
indicated that 1 ppm WEBB were effective in stimulating the early growth and fruit formation on
tomato plant.

Keywords: biosaka; drought stress, plant elicitor; plant height; the number of fruits; the number of
leaves

1. Introduction

The prospects for tomato plants in Indonesia are promising due to the increasing market
demand for tomatoes as a food commodity. Farmers in Indonesia are interested in tomato
production as it is a short-lived and profitable vegetable [1]. However, tomato farmers in
Indonesia face challenges such as limited access to quality seeds and fertilizers, as well as
unpredictable weather conditions that can affect crop yields [2]. Climatic stress, such as
drought and heat, can have significant effects on plant growth. These stresses can lead to
adaptive changes in both roots and shoots, affecting water flux, root growth, and shoot
functions. Stresses like drought and heat induce stomatal closure, decrease transpiration
rate, and affect photosynthesis activity, ultimately impacting crop maturity and
productivity. Among climatic constraints, drought and heat stress are particularly
detrimental to tomato production. These stresses interfere with physiological processes,
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such as water flux, root development, and photosynthesis, leading to reduced plant
growth, delayed crop maturity, and lower productivity [3]. In tomatoes, which are
classified as C3 plants, drought stress can severely limit performance due to their
relatively lower water-use efficiency compared to C4 plants. Therefore, strategies that
improve drought resilience in tomato cultivation are essential, especially during the dry
season.

One promising approach to mitigating the effects of abiotic stress is the application of
plant biostimulants. Plant Biostimulant have been shown to alleviate climatic stress in
plants by modifying physiological processes and enhancing stress tolerance, ultimately
improving crop growth and productivity [4]. Several types of biostimulants that have
been reported to increase plant growth under drought stress conditions are humic acid,
microbial agents, and seaweed extract. The integrated use of humic acid and plant
growth-promoting rhizobacteria has been found to significantly increase potato growth,
tuber yield, and nutrient content under field conditions [5]. Additionally, humic acid can
enhance chlorophyll content and photosynthetic activity, thereby promoting overall plant
growth and yield [6] [7]. Seaweed extracts have also been reported to improve soil
microbial activity and increase nitrogen availability, contributing to sustainable crop
production [8]. Recently, weed extract can serve as a biostimulant in agriculture,
providing a natural and eco-friendly alternative to inorganic fertilizers. Weed extracts
have demonstrated positive effects on crop growth, nutrient uptake, and yield in several
species, including tomato [8], chili [9][10], mustard, land kale [11] and sweet corn [12].
Furthermore, their use may reduce dependency on chemical fertilizers by increasing
nutrient use efficiency.

The potential of weed extract as plant biostimulant was briefly reported on the growth
and production on several plant commodities. However, its effect on the growth and
production of tomato plants has not been clearly studied, especially in dry season. It was
necessary to study the effect of weed extract-based biostimulant on tomato growth and
production in dry season. This research aimed to determined the best concentration of
weed extract-based biostimulant to increase tomato growth and production in dry season.

2. Materials and Methods

The research was conducted on June to September 2024 in Tutul Village, Balung
District, Jember Regency, with coordinates 8°16'42"S 113°31'23"E. The weed extract-based
biostimulant (WEBB) used in this research was Biosaka® that was obtained from market
commercially. Cultivar of tomato plant used in this research was Servo/Gustavi that was
able to grow well on the research site based on climatic characteristics.

The research used Randomized Block Design consisted of five levels of WEBB
concentrations, i.e. 0, 1, 2, 3 and 4 ppm. Each treatment was repeated five times, so there
were 25 experimental units. Each experimental units contained 12 plants, including six
plants as observation samples. So, there were 300 plants in the total plant population. The
research procedures included land preparation, seedlings preparation, planting, WEBB
application, plant maintenance and harvesting (Figure 1).

Land preparation involved arranging experimental plots into 3 x 2 meter beds, with
50 cm spacing between beds. Seedlings were grown for three weeks in a nursery bed
containing a mixture of manure and sand in a 1:1 ratio, using a seedbed size of 30 x 90 cm.
After three weeks, seedlings were transplanted with a spacing of 70 x 60 cm between
plants. WEBB was used directly according to the manufacturer's instructions without
additional processing or dilution beyond the experimental concentrations. It was applied
as a foliar spray using a knapsack sprayer, with a frequency of once per day during the
third week after planting (WAP), targeting the plant canopy in the morning.

Plant maintenance involved routine agricultural practices, including manual
weeding, replanting when needed, and watering twice daily (morning and evening). Each
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plant received NPK (16:16:16) fertilizer at a rate of 2 g/plant. Pest and disease control was
carried out using commercial insecticides (JITE® and Movento® MPC) to manage aphids,
whiteflies, and caterpillars. Harvesting was performed gradually from the 12t to the 16%
WAP based on fruit ripeness.

Land Preparation
Each experimental units was arranged ina3 x2m
bed. Distance between beds was 50 cm

!

Seedlings Preparation
The planting medium was manure mixed with
sand in a ratio of 1:1, the seedbed size is 30x90 cm

3w eeksl

Planting

|_ The planting distance was 70 x 60 cm _|
Weed Extract-Based Plant Maintenance
Biostimulant (WEBB) - weeding, replanting

- Watering 2 times a day (morning
and evening)
Fertilizer: NPK (16:16:16) 2 g/plant
- Pest and plant disease control
insecticide [ITE® and Movento®

Application

Spraying the WEBB solution onto the |2 -3 WAD
plant canopy using a knapsack sprayer.
Application frequency was 1 time a day

MPC to control aphids, whiteflies
and caterpillars.

12— 16 WAP
¥

Havesting
Each plant is harvested in stages, according to the |4
level of fruit ripeness.

Figure 1. Research Procedures

The observation variables included plant height (cm), the number of leaves (blades),
leaf area (cm?), flowering set (DAP), fruit diameter (cm), single fruit weight (g), the
number of fruit (fruits/plant) and total fruits weight (g/plant). Data were analyzed using
analysis of variance (ANOVA) at 5% F test. The post-hoc test were analyzed according to
Duncan’s Multiple Range Test (DMRT) at a 5%.

3. Results and Discussion

3.1. Distribution of Rainfall At The Research Location

Rainfall data at the research site in Balung District, Jember Regency, from June to
September 2024, showed a very low precipitation rate, with monthly totals of 14 mm in
June, 1 mm in July, 1 mm in August, and 2 mm in September (Table 1). According to the
Schmidt-Ferguson climate classification, a dry month is defined as a month with less than
60 mm of rainfall [13]. Based on this classification, all four months during the research
period fall into the category of dry months, confirming that the experiment was conducted
during the dry season.

Table 1. Precipitation on June — September 2024 in Balung District, Jember Regency

Month Precipitation (mm)
June 14
July 1
August 1
September 2

Source: [14]

These dry conditions were highly relevant for the study, as they represent a climate
scenario where water availability was limited and crop performance could be affected by
drought stress. Therefore, evaluating the effectiveness of weed extract-based
biostimulants under such conditions was critical for assessing their potential as adaptive
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inputs for dryland tomato production. The dry season in Indonesia can cause serious
damage to crops due to a significant decrease in rainfall. Different regions in Indonesia
experience varying types of rainfall, with some areas facing more severe droughts than
others. The dry season (April-September) has larger rainfall variations compared to the
wet season (October-March) [15]. Efforts to anticipate the impacts of climate change in
agricultural sector include the development of adaptive technology innovations for
dryland agriculture and water management to increase crop productivity. Climate
change, including rising temperatures and changes in rainfall patterns, can impact crop
production.

3.2. Plant Growth and Production Under Several Concentrations of WEBB

The application of WEBB at 1 ppm significantly increased plant height and number
of leaves at 2 weeks after planting (WAP), as shown in Figures 1 and 2. Specifically, WEBB
1 ppm resulted in the tallest plants and highest number of leaves at this early stage. This
indicated that in the early growth phase, tomato plants respond positively to the
stimulation of bioactive compounds contained in weed extracts. These compounds likely
acted as natural growth regulators that could stimulate cell division and elongation,
thereby enhancing leaf development and early vegetative growth.

70
- —— OWEBB 0 ppm
60 _ = SWEBB 1 ppm
50 B B OWEBB 2 ppm
40 + OWEBB 3 ppm
EWEBB 4 ppm

N
o
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=
o
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Time (weeks after planted)

Figure 2. Plant height on several concentrations of WEBB

However, the positive effects did not last consistently in the following weeks (age 3—
6 WAP), where there was no significant difference between WEBB concentration
treatments on growth and number of leaves. This could be caused by several factors. First,
the physiological adaptation ability of plants that began to stabilize with age, so that the
response to external stimulation decreased. Second, it is possible that the active
compounds in WEBB have been broken down or degraded before providing long-term
effects, or the optimal dose was not enough to maintain its effect during the advanced
growth phase.

These results were in line with the findings of several previous studies which stated
that the effectiveness of natural biostimulants is greatly influenced by concentration,
application time, and the developmental stage of the plant [16], [17]. At the early stages of
growth, plants are very sensitive to the presence of stimulant compounds, but in the
advanced vegetative and generative phases, environmental factors and the internal
hormonal balance of the plants become more dominant in influencing growth. Thus,
although WEBB 1 ppm showed potential in enhancing the early growth of tomato plants,
further evaluation of the frequency and timing of application is needed to maintain its
positive effects until the next growth phase.
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Figure 3. The number of leaves on several concentrations of WEBB

WEBB concentrations up to 4 ppm showed no significant effects on leaf area and
flowering set (Figure 3). In terms of leaf area (Figure 3A), all treatments displayed
relatively similar results, suggesting that the extract did not effectively stimulate leaf
expansion. The leaf area in plants is greatly influenced by genetic factors as well as the
balance of growth hormones such as auxins, cytokinins, and gibberellins [18], [19].
Possibly, the active compound content in WEBB did not reach the appropriate level or
composition to significantly stimulate the process of leaf cell division and enlargement.
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Figure 4. The effect of several WEBB concentrations on leaf area (A) and flowering set (B)

For flowering set (Figure 3B), the data showed that WEBB did not significantly
accelerate or delay flowering. The process of flower initiation in tomato plants is the result
of a complex interaction between internal factors (hormones and the physiological age of
the plant) and external factors (light, temperature, and nutrient availability) [20]-[22].
Therefore, if the compounds in WEBB did not directly affect the hormonal balance related
to the transition from the vegetative to the generative phase. Thus, while WEBB may
enhance early vegetative growth, its role in transitioning to the generative phase appears
limited. These results reinforced the point of view that not all types of natural
biostimulants can provide comprehensive effects on all aspects of plant growth. Its
effectiveness highly depends on the specific bioactive content, dosage, and
synchronization of application with the plant growth phase [23], [24].

Applying 1-2 ppm WEBB significantly increased the number of fruits compared to
other treatments (Figure 4C). These results indicated that low concentrations of
biostimulants can trigger physiological responses in plants that contribute to increased
fruit formation [25]. One possible mechanism that occurs was the increase in metabolic
activity and nutrient absorption, which supports the process of early flower and fruit
formation more optimally. The active compound content in WEBB, such as phenols,
flavonoids, or natural growth hormones, was suspected to play a role in accelerating the
flowering process and increasing the percentage of flowers turning into fruits.
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However, no significant differences were observed in fruit diameter, single fruit
weight, or total fruit weight (Figure 4A, B, D). This indicated that an increase in the
number of fruits was not always accompanied by an improvement in fruit quality or size.
This may be due to increased competition among a larger number of fruits for limited
assimilates, resulting in reduced size or weight per fruit. Such trade-offs were reported in
high-fruit-load conditions, where the plant's source strength could not meet the sink
demand [26]. This phenomenon commonly occurs when plants produce a large number
of fruits, but the reserves of energy and nutrients do not increase proportionally.

Moreover, the timing of WEBB application may not have aligned optimally with the
fruit enlargement phase, and the concentration may have been insufficient to trigger
further physiological responses needed for fruit development. These findings were in
agreement with other studies proposed by [24] and [27] that the effectiveness of
biostimulants highly depends on the concentration, application method, and
compatibility with the physiological phase of the plant.
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Figure 5. Plant production response under different concentration of WEBB. (A) fruit diameter; (B)
single fruit weight; (C) the number of fruits and (D) total fruit weight

Thus, although a concentration of WEBB 1-2 ppm had been proven to increase the
number of fruits, further strategies are needed to optimize the distribution of
photosynthesis results in order to enhance the overall weight and size of the fruits. Further
research that combines biostimulants with nutrient management or other cultivation
techniques is important to support the overall improvement in crop quality.

4. Conclusions

The application of WEBB had varying effects on the growth and production of tomato
plants during the dry season. The concentration of WEBB at 1 ppm significantly increased
early growth of stem and the number of leaves at 2 WAP, but this effect did not continue
into the subsequent growth phases (3-6 WAP). The application of WEBB at 1-2 ppm also
showed a significant increase in the number of fruits, but it did not have a noticeable effect
on fruit diameter, single fruit weight, or total fruit weight. This indicated that 1 ppm
WEBB was effective in stimulating the early growth and fruit formation on tomato plant.
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Therefore, the use of WEBB as a potential biostimulant needs to be optimized through the
adjustment of concentration and application timing that is more precise according to the
plant growth phase.
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