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Abstract  
Weed management is commonly achieved through herbicide application; 
however, excessive herbicide use may lead to weed resistance and 
environmental degradation. This study aimed to determine the effective 
dose of organic siam weed (Chromolaena odorata L King and Robinson) 
mulch for suppressing weeds and improving soybean growth and yield. The 
experiment was conducted in Lawe Sagu Hulu Village, Lawe Bulan 
Subdistrict, Aceh Tenggara Regency, Aceh Province, from August to 
December 2024. A non-factorial randomized complete block design was 
used with five mulch doses: 0, 4.8, 9.6, 14.4, and 19.2 t ha⁻¹, each replicated 
four times. Experimental plots 2.5 × 2.5 m were prepared through standard 
tillage, and chopped siam weed mulch 10 cm was applied to the soil surface 
at planting according to treatments. Observed variables included root and 
plant fresh weight, weed control percentage, weed species number, weed 
fresh weight, seed weight, and 100-seed weight. Data were analyzed using 
SPSS version 16, and significant effects were further tested with Duncan’s 
New Multiple Range Test. Application of 4.8 t ha⁻¹ mulch improved weed 
control percentage 53.73 – 70.66%, while higher doses of 14.4–19.2 t ha⁻¹ 
effectively reduced weed species number and weed fresh weight at 30 
days after treatment, as well as increased root fresh weight at 40 days and 
soybean fresh weight at 20 and 40 days after treatment. 
Keywords: Allelopathy, Germination, Organic matter, Soil moisture, Soil 
nutrients 

 
1. Introduction 

 
 Weeds are undesirable plants that grow in cultivated fields and compete with soybean for 

essential resources such as light, water, nutrients, and growing space [1],[2]. This competition 

reduces the efficiency of resource utilization, thereby negatively affecting soybean growth and 

yield. In addition, weeds may serve as alternative hosts for pests and pathogens, and interfere with 
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overall farming operations. Therefore, weed management is a crucial aspect of sustainable soybean 

production systems. The presence of weeds is particularly detrimental during the early growth 

stages, when soybean plants are still weak and unable to compete effectively [3]. The critical period 

of weed competition in soybean occurs between 20–50 days after planting (DAP), which strongly 

determines final yield [4]. Yield losses caused by weed interference in soybean can reach 56.90–

66% if effective control measures are not applied, as reported in 2019–2020 [5], [6]. Hence, 

environmentally friendly and efficient weed management strategies are essential to ensure 

sustainable soybean cultivation. 

 Weed control is generally carried out mechanically and through herbicide application. 

However, excessive use of herbicides may cause weed resistance, environmental contamination, 

and potential risks to human health. Therefore, alternative approaches such as the application of 

organic mulch are required to provide more environmentally friendly and sustainable solutions. 

Organic mulch functions by covering the soil surface, thereby reducing light penetration necessary 

for weed photosynthesis and disrupting the germination process of weed seeds. According to, 

organic mulch contributes to maintaining soil moisture for water stability and availability [7], while 

its application can also enhance plant biomass [8]. One potential source of organic mulch is siam 

weed (Chromolaena odorata L King and Robinson), an invasive plant species containing allelopathy 

compounds such as flavonoids and phenols [9], [10]. These compounds are capable of inhibiting 

weed germination and growth. The use of siam weed as mulch not only suppresses weed growth 

physically but also biochemically through allelopathy effects. Weed responses to allelopathy are 

characterized by physiological changes, including leaf necrosis [11]. Allelopathy compounds 

interfere with protein synthesis, disrupt photosynthesis, and reduce chlorophyll pigments, 

ultimately causing leaf discoloration. 

 Furthermore, noted that siam weed biomass contains 20.26% organic matter, 0.55% N, a C/N 

ratio of 21.31, 0.13% P, 1.60% K, 0.49% Ca, and 0.29% Mg [12]. Similarly, reported its organic 

composition as 2.5% N, 0.35% P, 1.36% K, 1.98% Ca, and a pH of 6.67 [13]. Demonstrated that 

applying 10 t ha⁻¹ of siam weed mulch improved soil quality parameters such as pH H₂O, organic 

carbon, cation exchange capacity, available N, P, K, Ca, and Mg, as well as tiller number, harvest dry 

weight, milling dry weight, and 1000-grain weight in rice compared to the control [14]. Similarly, 

reported that applying 24 t ha⁻¹ of siam weed mulch increased pod number and seed yield in 

soybean [15]. In addition, found that mulch application at 1560–2600 g per 0.5625 m² (equivalent 

to 27.73–46.22 t ha⁻¹) enhanced plant height, tiller number, and leaf production in Brachiaria hybrid 

cv. Mulato [16]. Although several previous studies have demonstrated that Chromolaena odorata 

(kirinyuh) has potential as an organic material capable of improving soil fertility and crop 

productivity, information regarding the effectiveness of kirinyuh organic mulch in suppressing weed 

growth in soybean cultivation remains limited, particularly concerning the optimal application rate. 

Therefore, this study was conducted to determine the most effective dosage of kirinyuh organic 

mulch that not only suppresses weed growth but also enhances soybean growth and yield. The 

objective of this study was to determine the appropriate dose of siam weed organic mulch for 

suppressing weeds and improving the growth and yield of soybean. 

 
2. Material and Methods 

 
 The experiment was conducted in Lawe Sagu Hulu Village, Lawe Bulan Subdistrict, Aceh 

Tenggara Regency, Aceh Province, from August to December 2024. The tools used included a 
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measuring cylinder, hoe, raffia string, labeling paper, oven, and analytical balance. The materials 

consisted of soybean seeds of the Grobogan variety, siam weed litter, deltamethrin insecticide, 

urea, SP36, and KCl fertilizers. A non-factorial randomized complete block design (RCBD) was 

employed with five mulch application rates: D0 = 0 t ha⁻¹, D1 = 4.8 t ha⁻¹, D2 = 9.6 t ha⁻¹, D3 = 14.4 

t ha⁻¹, and D4 = 19.2 t ha⁻¹. A non-factorial randomized complete block design (RCBD) was employed 

to control environmental variability among plots, such as topography, soil fertility, and moisture, 

and to evaluate the effect of mulch dosage alone without factorial interactions, ensuring accurate 

comparisons among treatments. Mulch rates were selected based on literature and field 

observations, ranging from no mulch to high doses feasible for field application, aiming to identify 

the optimal Chromolaena odorata dosage that effectively suppresses weed growth while enhancing 

soybean growth and yield, providing a clear assessment of crop responses and a scientific basis for 

field recommendations. In total, there were five treatments, each replicated four times. 

 Land preparation was carried out twice, followed by the construction of experimental plots 

measuring 2.5 × 2.5 m, with 30 cm spacing between treatments and replications, and 50 cm spacing 

between blocks. Planting was performed by creating holes 3 cm deep, each filled with three seeds 

at a spacing of 30 × 30 cm. The siam weed organic mulch, previously chopped into 10 cm pieces, 

was spread uniformly on the soil surface according to the assigned treatment at the time of 

planting. Fertilization was applied in two stages: at planting and 30 days after sowing (DAS), using 

urea, SP36, and KCl at rates of 70, 80, and 90 kg ha⁻¹, respectively; half of the urea was applied at 

planting together with the full rates of SP36 and KCl, while the remaining half of urea was applied 

at 30 DAS. Crop management included irrigation twice daily (morning and afternoon) and pest 

control using deltamethrin 2.5 EC at a concentration of 2 ml L⁻¹ water. Harvesting was conducted 

at 83 DAS when approximately 95% of the soybean leaves had senesced. The observed variables 

were grouped into three categories: Weed growth characteristics: weed control percentage, weed 

species number, and weed fresh weight. The percentage of weed control was visually assessed by 

five evaluators by comparing weed growth in treated plots with that in control plots, using a rating 

scale from 0% (no control) to 100% (complete control). Weed species richness was determined by 

sampling weeds within 50 × 50 cm quadrats at four points per plot, and the total number of species 

was counted from all samples. Fresh weed biomass was measured by collecting weeds from the 

same quadrats, after which the samples were weighed to obtain total fresh biomass per plot. 

Soybean growth characteristics: root fresh weight and plant fresh weight. The fresh weight of roots 

and soybean plants was determined by collecting samples from 50 × 50 cm frames (four plants per 

frame) in each plot, after which the samples were weighed. Soybean yield characteristics: seed 

weight and 100-seed weight. Data were analyzed quantitatively using SPSS version 16. If significant 

treatment effects were detected, means were compared using Duncan’s New Multiple Range Test 

(DNMRT). Descriptive analysis was also presented in tabular form.  

 

3. Results and Discussion 
 

3.1 Weed growth characteristics 

The results showed that the application of 4.8 t ha⁻¹ of siam weed organic mulch increased 

weed control percentage at 20, 30, 40, and 50 DAP. This effect was attributed to a combination of 

factors, including the allelopathy activity of the Siam weed mulch, which releases chemical 

compounds that inhibit seed germination and weed growth, the physical thickness of the mulch 

that restricts weed emergence, and the increased growth of soybean plants, which limits space and 
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light availability for weeds. Higher mulch doses of 14.4–19.2 t ha⁻¹ significantly reduced the number 

of weed species at 30 DAP as well as weed fresh weight. The reduction in weed cover percentage 

also indicated a shift in weed community structure, which was characterized not only by the decline 

in the dominance of certain species but also by changes in the ecological composition of the weed 

community. This finding was supported by a decrease in the Importance Value Index (IVI) of several 

dominant weed species in soybean fields. The decline in weed species richness may be attributed 

to the disruption of physiological and metabolic processes, particularly photosynthesis and seed 

germination, due to the allelopathy effects of siam weed mulch. Such effects impair root and leaf 

development in germinating weed seeds. According to allelopathy inhibition of germination is often 

characterized by shortened or absent primary roots, lack of secondary roots, swollen and stunted 

hypocotyls, malformations, lesions, or splitting of plant tissues, and decayed or deformed 

cotyledons [17]. Similarly, reported that allelopathy suppresses early seedling growth, including 

chlorophyll development, shoot elongation, and root growth [18]. Further demonstrated that 

allelopathy activity could reduce weed seed germination by up to 75.17% and exert negative effects 

on initial seedling establishment [19]. 

 

Table 1 Mean percentage of weed control, number of weed species, and weed fresh weight on 

20, 30, 40, 50 DAP  as affected by different doses of siam weed organic mulch 

Treatment 
Percentage of Weed Control 

20  30 40 50 

Dose of Mulch  ---------------------------------  %  ---------------------------------- 
0 t ha-1  8.50a 5.25a 1.60a 0.00a 
4.8 t ha-1  70.66b 62.25b 63.75b 53.73b 
9.6 t ha-1  71.83b 67.75b 60.25b 56.33b 
14.4 t ha-1  81.91b 62.75b 60.75b 51.99b 
19.2 t ha-1 81.33b 64.25b 66.50b 58.24b 

 
Number of Weed Species 

20  30 40 50 

 ---------------------------------    ---------------------------------- 
0 t ha-1  10.75 9.50a 8.00 6.75 
4.8 t ha-1  6.75 8.25ab 6.50 7.50 
9.6 t ha-1  7.00 6.75abc 6.00 7.00 
14.4 t ha-1  5.25 6.50bc 6.50 6.75 
19.2 t ha-1 7.50 5.00c 7.75 6.00 

 
Weed Fresh Weight 

20  30 40 50 

 ---------------------------------  g  ---------------------------------- 
0 t ha-1  124.03 136.29a 166.19 207.26 
4.8 t ha-1  66.53 62.38b 102.59 221.39 
9.6 t ha-1  55.50 87.67ab 119.80 205.42 
14.4 t ha-1  50.46 49.77b 127.84 171.07 
19.2 t ha-1 37.87 89.77ab 105.39 193.15 
The numbers followed by the same letter in the same column are not significantly different in Duncan’s 5% test 

 

In addition, the persistence of weed seed dormancy in the soil seed bank depends on 

species, and germination may occur once environmental conditions become favorable [20]. Stated 

that the competitive ability of weeds in capturing light and nutrients can restrict crop growth [21]. 

Furthermore, it was emphasized that weed competition in soybean cultivation is also influenced by 

the crop’s competitive capacity as well as the abundance and diversity of associated weed species 

[22]. This explains the observed reduction in weed cover, species diversity, and population density 
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under mulch treatments. The application of 4.8 t ha⁻¹ of siam weed mulch effectively increased 

weed control percentage, reduced weed cover, and lowered weed population at 20 DAP. 

Furthermore, higher doses of 14.4–19.2 t ha⁻¹ significantly decreased weed fresh weight and weed 

species richness at 20 and 30 DAP [23]. 

 

 

3.2 Soybean growth characteristics 

Table 2 Mean root and shoot fresh weight of soybean on 20, 30, 40, 50 DAP  as affected by weed 
management with different doses of siam weed organic mulch 

Treatment 
Root Fresh Weight 

20  30 40 50 

Dose of Mulch  ---------------------------------  g  ---------------------------------- 
0 t ha-1  0.61 0.81 0.94ab 1.93 
4.8 t ha-1  0.46 0.88 0.80a 2.64 
9.6 t ha-1  0.69 1.56 1.12ab 1.93 
14.4 t ha-1  0.73 1.32 1.55bc 1.79 
19.2 t ha-1 0.91 1.55 2.08c 3.46 

 
Shoot Fresh Weight 

20  30 40 50 

 ---------------------------------  g  ---------------------------------- 
0 t ha-1  2.03a 4.96 3.62a 47.01 
4.8 t ha-1  3.37ab 5.07 7.31ab 45.46 
9.6 t ha-1  3.67ab 5.39 13.85ab 46.14 
14.4 t ha-1  4.72b 7.62 22.37b 48.90 
19.2 t ha-1 5.59b 9.30 20.32b 59.33 

The numbers followed by the same letter in the same column are not significantly different in Duncan’s 5% test 

 
The results showed that the application of siam weed mulch at 14.4–19.2 t ha⁻¹ significantly 

increased root fresh weight at 40 DAP as well as plant fresh weight at 20 and 40 DAP. The increase 
in root and shoot biomass indicates that siam weed mulch plays an important role in supporting 
soybean growth, as reflected by greater leaf size, stem diameter, and root development. This is in 
line with reported that siam weed contains high levels of organic matter that improve soil chemical 
properties such as pH, exchangeable Al, available P, total N, and exchangeable K [24]. Further 
emphasized that thicker mulch layers ensure better soil moisture retention and enhance organic 
matter decomposition, thereby increasing nutrient availability [25]. Similarly, found that siam weed 
mulch contains up to 82.3% organic matter, contributing significantly to improved plant growth 
[26], also reported that 14.4 t ha⁻¹ of siam weed mulch enhanced plant height during the 20–40 
DAP period and increased plant fresh weight up to 50 DAP, while 19.2 t ha⁻¹ mulch promoted root 
fresh weight as early as 20 DAP [4]. Overall, these findings suggest that higher doses of siam weed 
mulch not only suppress weed populations but also enhance soil fertility and contribute to 
increased soybean growth and productivity. 

 
3.3 Soybean yield characteristics 

Table 3 Mean seed weight and 100-seed weight of soybean as affected by weed management with different 
rates of siam weed organic mulch 

Treatment  Seed Weight  100-Seed Weight 

Dose of Mulch  ------------------------------------  g  --------------------------------------- 
0 t ha-1   6.48  21.47 
4.8 t ha-1   10.18  28.30 
9.6 t ha-1   14.79  23.55 
14.4 t ha-1   9.47  23.28 
19.2 t ha-1  30.88  25.25 
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The results indicated that the application of siam weed organic mulch did not significantly 

increase seed weight and 100-seed weight of soybean. This can be explained by the fact that weed 
suppression by siam weed mulch was effective only from planting up to 50 DAP, as reflected in the 
higher weed control percentages (Table 1). Dry seed yield is strongly influenced by reduced weed 
growth and the availability of essential nutrients required for seed formation [27]. The suppression 
of weed growth achieved through uniform application of relatively high mulch rates limited the 
space and resources available for weeds, thereby enhancing soybean growth, as evidenced by 
increased root and shoot biomass (Table 2). However, by 50 DAP, the siam weed mulch had 
decomposed, reducing its capacity to suppress weed populations. This stage coincides with the 
critical reproductive phase of soybean, when adequate nutrient supply is essential for flower 
initiation, pod formation, and seed development [28]. Based on observations of weed control 
percentage, species composition, and weed biomass, the most effective rate was found at 19.2 t 
ha⁻¹. Nevertheless, this rate appears to approach a selective threshold, which may explain why seed 
weight and 100-seed weight did not show significant statistical differences, remaining relatively 
similar across treatments. 

 

4. Conclusion 
 

 The application of siam weed organic mulch at 4.8 t ha⁻¹ increased the percentage of weed 

control 53.73 – 70.66%. Higher mulch rates of 14.4–19.2 t ha⁻¹ reduced weed species diversity at 

30 DAP, decreased weed fresh weight at 30 DAP, and enhanced root fresh weight at 40 DAP as well 

as soybean plant fresh weight at 20 and 40 DAP. 
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