Growth and Yield of Edamame Soybeans (Glycine max L. Merill) at Various Planting Distances
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ABSTRACT 

	Aims: This study aimed to determine the optimal planting distance for the growth and yield of edamame soybeans.
Study Design: The experiment used a completely randomized block design (CRBD) with one factor consisting of five planting distance treatments: 20 cm x 15 cm, 20 cm x 25 cm, 30 cm x 15 cm, 30 cm x 25 cm, and 20 cm x 30 cm. 
Place and Duration of Study: The research was conducted from June to August 2025 at the experimental field of the Bengkulu University Agricultural Zone, Jalan Medan Baru, Muara Bangkahulu District, Bengkulu City, located at an altitude of 20 meters above sea level.
Methodology: Observed parameters included plant height, stem diameter, number of branches, number of productive branches, pod weight per plant, filled pod weight per plant, number of pods per plant, percentage of filled pods, dry weight of pods, and dry weight of weeds. Data were analyzed using analysis of variance (ANOVA) with an F test at a 5% significance level. Parameters showing significant differences were further analyzed using the least significant difference (LSD) test at a 5% level.
Results: The results indicated that planting distance significantly affected several edamame yield parameters. The 30 cm x 25 cm treatment produced high pod weight per plant (86.78 g) and filled pod weight per plant (86.28 g). The 20 cm x 30 cm treatment resulted in the highest number of pods per plant (34.24 pods) and dry weight of the plant (24.23 g). while the 20 cm x 15 cm treatment showed the highest dry weed weight (34.14 g).
Conclusion: Planting distance significantly influenced the growth and yield of edamame soybeans. Wider planting distances generally provided better performance and optimal responses for most yield parameters, indicating their suitability for improving edamame productivity.
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1. INTRODUCTION
         Edamame soybeans (Glycine max (L.) Merrill) are a type of soybean that belongs to the vegetable category (green soybean vegetable). Edamame soybeans are highly nutritious; every 100 g of beans contains 582 kcal, 11.4 g of protein, 7.4 g of carbohydrates, 6.6 g of fat, 100 mg of vitamin A or carotene, 0.27 mg of B1, 0.14 mg of B2, B3 1 mg, and vitamin C 27 mg, as well as minerals such as phosphorus 140 mg, calcium 70 mg, iron 1.7 mg, and potassium 140 mg (Pangestu, 2020).
Edamame soybeans have high productivity and an average harvest period of 60-65 days. Edamame production can reach 3.5 tons/ha, while regular soybeans only reach 1.7-3.2 tons/ha. The export opportunity for edamame soybeans, especially to Japan, is still open at 100.000 tons/year. However, Indonesia only meets 3% of Japan's market demand, while 97% and the rest come from China and Taiwan. Therefore, edamame soybeans have the potential to be developed in Indonesia. (Hakim, 2013). Based on data from Statistics Indonesia (BPS) up to December 2023, national edamame soybean production reached around 555.000 tons, while national demand reached 2.7 million tons. (Badan Standardisasi Instrumen Pertanian, 2023). Menurut Sudiarti (2018) to achieve high edamame soybean productivity, it is necessary to innovate cultivation techniques that are suitable for the existing land conditions. One way to increase the productivity or yield of edamame soybeans is by adjusting the plant population density through planting distance.
Planting distance is a factor that affects plant growth and development. Planting distance can be described as the space for plant growth and development. If the space for plant growth and development is too crowded, there will be competition for nutrients, water, sunlight, and other resources. If the planting distance is too sparse, production will be low. Planting distance is determined by looking at the habit and root area of the plant. (Mayani et al., 2021). At close planting distances, competition occurs for light and growing space, which affects the uptake of nutrients, water, and air. Light competition occurs when one plant shades another or one leaf shades another, thereby affecting the process of photosynthesis (Agustiyanti et al.,  2021). The higher the plant population per unit area, the higher the leaf area index, so that the percentage of light received by the lower parts of the plant becomes less due to the obstruction of light by the leaves above (Daerah & Sungai, 2019).
Research Sahputra et al. (2016) shows that edamame soybeans planted at a distance of 15 cm x 20 cm and 20 cm x 20 cm produce the highest number of pods per crop and yield per plot. This is because at these planting distances, the plants have more room to grow and the canopies do not overlap, allowing each plant to receive more nutrients, water, and sunlight. Meanwhile, the results of Nurhidayah (2018) study showed that treatments with planting distances of 20 cm x 15 cm, 20 cm x 20 cm, and 20 cm x 30 cm had no significant effect on the number of branches per plant, the number of pods, and the weight of fresh pods; but had a significant effect on plant height, number of pods per plant, fresh pod weight per plot, and yield per hectare. 
Increasing edamame soybean production is essential, given the enormous potential for edamame soybean development in Indonesia due to the abundance of available land. Planting distance is one of the factors that affect crop productivity. Planting at the right distance and in accordance with environmental conditions is very important for successful cultivation. Therefore, this study was conducted to determine the optimal planting distance that can increase the growth and yield of edamame soybeans.
2. MATERIALS AND METHODS
2.1 Time, Location, and Research Design
This study was conducted from June 2025 to August 2025. The research location was at the Bengkulu University Agricultural Zone experimental field on Jalan Medan Baru, Muara Bangka Hulu District, Bengkulu City, at an altitude of 20 meters above sea level. A completely randomized design with one factor (planting distance) was used in this study. There were five treatment levels: 20 cm x 15 cm, 20 cm x 25 cm, 30 cm x 15 cm, 30 cm x 25 cm, and 20 cm x 30 cm. Each treatment was repeated four (4) times, resulting in 20 treatment units. 
2.2 Research Stages
2.2.1 Land Preparation
Land preparation is carried out by clearing the land of weeds using a lawn mower, sickle, and hoe. The next process is soil cultivation, which is carried out twice. The first tilling is done by turning the soil with a hoe to a depth of 15cm - 20cm. The second tilling is done one week after the first tilling by loosening the soil, leveling the soil, and removing any remaining weed roots with a hoe. Next, make experimental plots measuring 1.2m x 1.5m, 1.2m x 2.5m, 1.8m x 1.5m, 1.8m x 2.5m, and 1.2m x 3m. Make four plots of each size, for a total of 20 plots. Next, manure was applied at a dose of 10 tons/ha.
2.2.2 Planting
One day before planting, agricultural lime is applied at a dose of 3 tons/ha. Edamame soybeans are planted by inserting the seeds into planting holes made using a dibble tool to a depth of 2 cm - 3 cm with spacing according to the treatment, then the planting holes are covered with soil. Carbofuran was applied at a rate of 5-7 granules per hole before the seeds were planted to prevent the seeds from being eaten by ants or insects in the soil.
2.2.3 Maintenance
Plant maintenance includes: watering, transplanting, thinning, applying basic fertilizer, and pest control. Watering is done in the morning by watering evenly throughout the entire plant and soil. Transplanting is done 7 days after planting by replacing dead, rotten, or damaged plants with spare plants that have been prepared. Thinning is done two weeks after planting by cutting plants that are not growing well using scissors. Fertilization is done when the plants are 2 weeks old. The fertilizers used are urea, SP36, and KCl as basic fertilizers. The fertilizer doses used are 150 kg/ha of urea, 150 kg/ha of SP-36, and 100 kg/ha of KCl. Urea fertilizer is applied twice, at planting and two weeks after planting, while KCl and SP-36 fertilizers are applied once at planting  (Fahmi et al., 2018). Weed control is carried out by manually weeding at 2 weeks after planting, 6 weeks after planting, and at harvest. Chemical control is carried out using pesticides as needed.
2.2.4 Harvesting
Edamame soybeans (for vegetables) are harvested when the pods are full and still fresh green in color (Destarianto et al., 2013). Harvesting is carried out 65 days after planting.
2.3 Observation
	Growth observations were conducted from the second to fifth week for plant height (cm), while stem diameter (mm) and number of branches (branches) were observed in the fifth week. Harvest observations, including the number of productive branches (branches), pod weight per plant (g), filled pod weight per plant (g), number of pods per plant (pods), percentage of filled pods (%), and dry tree weight (g), were conducted at harvest. Observations of dry weed weight (g) were made in the second week, sixth week, and at harvest.
2.4 Data Analysis
The observation data were statistically analyzed using analysis of variance (ANOVA) with a 5% F-test. Data with significant effects were further tested using the least significant difference (LSD) at a 5% level.


3. RESULTS AND DISCUSSION
3.1 Edamame Growth Patterns
In edamame soybean cultivation, growth patterns can be seen in the increase in the size of vegetative organs such as plant height. The increase in plant height from 2 MST to 5 MST is shown in the graph. 

Figure 1: Growth patterns of edamame plants at different planting distances.
Based on the graph showing the growth pattern of plants at various planting distances, as shown in Figure 1, it can be seen that the height of edamame plants increased at each observation time. At two weeks of age, the height of plants at all planting distances was relatively the same. At three weeks of age, plant growth began to increase, although the differences between planting distances were still not very noticeable. At four to five weeks of age, differences in plant height between planting distances began to appear. The highest growth was produced by the 20 cm x 15 cm planting distance, followed by 30 cm x 15 cm and 20 cm x 30 cm, while the 20 cm x 25 cm and 30 cm x 25 cm planting distances showed lower heights. These results indicate that closer planting distances (20 cm x 15 cm) tend to produce taller plants. This is because at closer planting distances, plants experience higher competition for sunlight, causing them to grow faster upward to obtain sufficient light. These results are also in line with research conducted by Marliah et al. (2012) which found that closer planting distances for soybean plants can increase plant height growth.
3.2 Analysis of Variance Results 
The results of the analysis of variance listed in Table 1 show that planting distance treatment has a very significant effect and a significant effect on the observed variables, namely pod weight per plant, filled pod weight per plant, number of pods per plant, dry stem weight, and dry weed weight. Meanwhile, observations of plant height, stem diameter, number of branches, number of productive branches, and percentage of full pods had no significant effect.




Table 1. Results of variance analysis of planting distance treatments on the growth and yield of edamame soybeans
	No
	Observation Variables
	Probalitas (P)
	KK%

	1
	Plant Height 5MST
	0.37
	9.77

	2
	Stem Diameter
	0.24
	11.61

	3
	Number of Branches
	0.17
	17.54

	4
	Number of Productive Branches
	0.17
	17.54

	5
	Weight of Planting Pods
	0.00
	16.84

	6
	Filled pod weight per plant
	0.01
	17.56

	7
	Number of Pods per Plant
	0.00
	15.70

	8
	Percentage of Full Pods
	0.06
	1.88

	9
	Dry Weight of Trees
	0.01
	18.85

	10
	Dry Weight of Weeds
	0.01
	14.25


Note :P ≤ 0.01 = highly significant, P ≤ 0.05 = significant,P >0.05 = insignificant.
3.2.1 The Effect of Planting Distance on Edamame Growth
Edamame growth can be seen from the increase in the size of vegetative organs such as plant height, stem diameter, and number of branches. The average plant height, stem diameter, and number of branches at 5 MST are presented in Table 2.
Table 2. Average plant height, stem diameter, and number of branches of edamame beans.
	Jarak Tanam
	Plant Height
(cm)
	Stem Diameter
(mm)
	Number of Branches
(branch)

	J1 ( 20cm x 15cm )
	36.55
	5.18 
	2.12 

	J2 ( 20cm x 25cm )
	33.17
	5.78 
	2.82 

	J3 ( 30cm x 15cm )
	34.87
	5.80 
	2.82 

	J4 ( 30cm x 25cm )
	32.45
	6.09 
	2.77 

	J5 ( 20cm x 30cm )
	32.40
	6.31 
	2.95 


Plant height is one of the growth variables that indicates the agronomic characteristics of a plant. The growth and yield of edamame plants are influenced by the nutrients provided to the plants and the available growing space. Nutrient sources can come from various types of materials, including organic and inorganic materials. Based on the planting distances tested, it was found that variations in planting distance between (20 cm x 15 cm) and (20 cm x 30 cm) did not have a significant effect on plant height growth. The planting distance treatment (20 cm x 15 cm) produced the highest plant height, namely (36.55 cm), while wider planting distance treatments, such as (30 cm x 25 cm) and (20 cm x 30 cm), showed shorter plant heights, namely (32.45 cm and 32.40 cm). This occurred because at closer planting distances, there was competition between plants for sunlight, causing the plants to grow taller to obtain sufficient light intensity. This is in line with the statement by Irwan et al. (2017) that dense planting distances will increase plant height due to competition for nutrients, water, and sunlight. In addition, the available space was too narrow, causing the plants to grow upwards.
In addition to plant height, other parameters observed to determine the effect of planting distance on edamame growth were stem diameter and number of branches. The results showed that the wide planting distance treatment (20 cm x 30 cm) produced the largest stem diameter (6.31 mm), while the planting distance (20 cm x 15 cm) produced the smallest stem diameter (5.18 mm). Stem diameter growth is closely related to planting distance, because the closer the planting distance, the more the plants will grow upwards, resulting in a small stem diameter. This is in line with the research by (Fajrin et al., 2015) which states that the appearance of a plant is the result of the interaction between the plant and the environment in which it grows. If a plant is expected to grow and produce according to its potential, a balanced environment must be created, namely in terms of light, wind, drainage, and aeration, as well as the availability of balanced macro and micro nutrients.
The number of branches on edamame plants is one of the important parameters that affect plant productivity. The number of branches indicates the plant's ability to form new growth points that will later produce flowers and pods. The more branches that are formed, the greater the potential number of pods produced per plant. A high number of branches generally correlates positively with edamame yield (Khaerunnisa et al., 2015). The results of the analysis of variance show that planting distance has no significant effect on the number of branches on edamame plants. The planting distance treatment (20 cm x 30 cm) produced the highest number of branches with an average of 2.95 branches, while the planting distance (20 cm x 15 cm) produced the lowest number of branches with an average of 2.12 branches.
3.2.2 The Effect of Planting Distance on Yield Components and Edamame Yield
Table 3. Average number of productive branches, pod weight per crop, high-quality pod weight per crop, number of pods per crop, percentage of high-quality pods, dry weight of stalks, and dry weight of weeds.  
	Jarak Tanam
	Number of Productive Branches
(branch)
	Weight of Planting Pods
(g)
	Weight of Filled Pods
(g)
	Number of Pods per Plant
(number)
	Percentage of Full Pods
(%)
	Dry Weight of Trees
(g)
	Dry Weight of Weeds
(g)

	J1 (20cm x 15 cm) 
	2.12 
	50.29 c
	49.91 c
	21 c
	96.83 
	14.87 c
	34.14 c

	J2 (20cm x 25 cm)
	2.82 
	71.93 ab
	71.62 ab
	30.25 ab
	96.66 
	17.06 bc
	41.58 bc

	J3 (30cm x 15 cm) 
	2.82
	66.08 bc
	66.05 bc
	27 bc
	97.39 
	21.74 ab
	42.79 abc

	J4 (30cm x 25 cm) 
	2.77 
	86.78 a
	86.28 a
	33.75 ab
	98.41 
	23.22 a
	52.17 a

	J5 (20cm x 30 cm) 
	2.95 
	82.67 ab
	81.64 ab
	34.24 a
	96.65 
	24.23 a
	49.88 ab


Note : Figures followed by the same letter in the same column are not significantly different at the 5% BNT level. 
The number of productive branches is an important component because it is where flowers and pods form, thus directly affecting crop yield. Physiologically, planting distance determines plant density, which affects light reception, photosynthetic activity, and vegetative growth. The analysis shows that planting distance does not have a significant effect on the number of productive branches in edamame plants. However, there were variations in the average values between treatments. The planting distance (20 cm x 15 cm) showed the lowest number of productive branches, namely 2.12 branches, while (20 cm x 30 cm) had the highest average of 2.95 branches. The treatments (20 cm x 25 cm) and (30 cm x 15 cm) produced the same number of productive branches, 2.82 branches each, while (30 cm x 25 cm) reached 2.77 branches. This difference is related to the level of competition between plants at various densities. Planting distances that are too close increase competition for light, water, and nutrients, thereby inhibiting branch formation. Conversely, wider planting distances provide more optimal growing space and reduce competition, thereby supporting the formation of more productive branches. These findings are in line with Widyaningrum et al. (2018) yang menyatakan bahwa jarak tanam merupakan faktor agronomis penting yang mempengaruhi jumlah caban who stated that planting distance is an important agronomic factor that affects the number of productive branches..
Basically, wide planting distances result in high pod weight per plant due to low nutrient competition. Wide planting distances allow plants to grow more effectively in terms of obtaining nutrients, sunlight, and water. The planting distance treatment (30 cm x 25 cm) produced the highest pod weight per plant (86.78 g). This value was significantly different from the treatments (20 cm x 15 cm) and (30 cm x 15 cm), but not significantly different from the treatments (20 cm x 25 cm) and (20 cm x 30 cm). This difference in results shows that increasing the planting distance tends to increase the pod weight per plant until it reaches the optimal planting distance. This is in line with the research by (Dan & Jarak, 2014) which states that high yields are caused by the amount of photosynthesis accumulated in plant organs, which will later be used for seed filling. During the generative phase, seeds obtain assimilates from the remobilization of food reserves produced during the vegetative phase and stored in the roots, stems, and leaves, as well as from photosynthesis during the generative phase. Alim et al., (2017) also said that wider planting distances can produce higher yields compared to closer planting distances.
The weight of filled pods is the total weight of pods containing full seeds per plant harvested at optimal harvest age. Based on Table 3 on the weight of filled pods per plant, the planting distance (30 cm x 25 cm) produced the highest weight of filled pods (86.28 g) and is significantly different from the planting distances (20 x 15 cm) and (30 x 15 cm), which have lower pod weights (49.91 g and 66.05 g), but has no significant effect on the planting distances (20 x 25 cm) and (20 cm x 30 cm). This is thought to be because the pod weight per plant at a planting distance of (30 x 25 cm) was higher and nearly 90% of the pods formed contained seeds, thereby increasing the pod weight yield. These results are in line with Wahyudin dan Sunarto (2019), who stated that a wider planting distance can increase pod weight and pod yield. Optimal harvest results are achieved when environmental factors are balanced and support growth. An imbalance in environmental factors can inhibit or even stop plant growth. Antoro (2023) stated that planting distance has a significant effect on the number of edamame pods. A planting distance of 40 cm x 60 cm produced the highest pod weight (17.5 g/plant), while a planting distance of 40 cm × 30 cm produced the lowest value (7.0 g/plant).
The number of pods is directly related to the total pod weight and the weight of mature pods per plant, so that the more pods that are formed, the greater the yield. The BNT test results showed that the highest number of pods (34.24 pods) was found in the treatment (20 cm x 30 cm), which was significantly different from (20 cm x 15 cm) and (30 cm × 15 cm), but not significantly different from (20 cm x 25 cm) and (30 cm x 25 cm). This indicates that the planting distance (20 cm x 30 cm) provides more growing space, thereby supporting optimal pod development. These results are in line with the opinion of Sipayung et al., (2023) who stated that a wider planting distance can reduce competition for light, water, and nutrients, thereby increasing production and the number of pods. Markus et al. (2025) emphasized that pod and seed formation depend on nitrogen availability, supported by sufficient phosphorus and potassium as important macro nutrients in plant growth, especially during the generative phase.
The percentage of full pods in various edamame soybean planting distance treatments showed insignificant results. The percentage of full pod weight ranged from 96.65% to 98.41%, with the highest value (98.41%) found in the 30 cm x 25 cm planting distance. This high percentage of full pods was supported by the small number of empty pods in all treatments, so that the difference in planting distance did not have a significant effect. Febrianti et al. (2022) stated that the fresh pod weight per plant is influenced by the number of filled pods and empty pods; when the number of empty pods is low, the percentage of filled pods tends to remain high and does not differ significantly between treatments. 
For the variable of tree dry weight, the treatment (20 cm x 30 cm) produced the highest dry weight and was significantly different from (20 cm x 15 cm) and (20 cm x 25 cm), but had no significant effect on (30 cm x 15 cm) and (30 cm x 25 cm). These results indicate that wider planting distances provide more growing space, allowing plants to obtain optimal sunlight and sufficient space for root and canopy development. These conditions increase photosynthetic efficiency and dry matter accumulation. In general, the wider the planting distance, the higher the dry weight of the tree. Rohmawan et al. (2023) stated that the increase in harvest weight is related to stem diameter growth and is closely related to planting distance, because the closer the planting distance, the more the plants will grow upwards, resulting in a small stem diameter, and vice versa if the planting distance is wider.
3.3 The Effect of Planting Distance on Weed Growth
Figure 2. Average total dry weight yield of weeds at various planting distances. 
Note : J1(20cm x 15cm), J2(20cm x25cm), J3 (30cm x 15cm), J4 (30cm x 25cm) dan J5 (20cm x 30cm). 
The planting distance treatment (20 cm x 15 cm) had the lowest dry weight of weeds and was significantly different from the planting distance treatments (30 cm x 25 cm) and (20 cm x 30 cm), which produced the highest dry weight of weeds but were not significantly different from the planting distances (20 cm x 25 cm) and (30 cm x 15 cm). Close planting distances caused the edamame canopy to cover the soil surface more quickly, reducing the intensity of light reaching the soil and inhibiting weed growth. Conversely, wider planting distances provided more space between plants, allowing light to reach the soil surface more easily and increasing the chances of weed growth through increased availability of light, space, and moisture. Hasanuddin (2012) states that the wider the planting distance, the higher the weed growth. Hamid et al. Hamid et al. (2017) also state that stable water availability and humidity will support weed growth and development.
4. CONCLUSION
Planting distance has a significant effect on various parameters of edamame soybean yield, including pod weight per plant, weight of filled pods per plant, number of pods per plant, dry tree weight, and dry weed weight. The planting distance (30 cm x 25 cm) produced the best results for the parameters observed, such as pod weight per plant (86.78 g), weight of filled pods per plant (86.28 g), number of pods per plant (33.75 pods), and dry tree weight (23.22 g). Meanwhile, the planting distance (20 cm x 15 cm) produced the lowest dry weed weight (34.14 g).
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J1 (20cm x 15cm)	2MST	3MST	4MST	5MST	12.875	21.475000000000001	33.549999999999997	36.549999999999997	J2 (20cm x 25cm)	2MST	3MST	4MST	5MST	12.625	20.425000000000001	29.625	33.174999999999997	J3 (30cm x 15cm)	2MST	3MST	4MST	5MST	12.7	19.675000000000001	30.924999999999997	34.875	J4 (30cm x25cm)	2MST	3MST	4MST	5MST	12.424999999999999	20.2	29.274999999999999	32.449999999999996	J5 (20cm x 30cm)	2MST	3MST	4MST	5MST	13.1	20.975000000000001	30.15	32.400000000000006	Age
Plant Height (cm)
Bobot kering gulma	J1	J2	J3	J4	J5	34.14	41.58	42.79	52.17	49.88	Planting Distance
Dry Weight of Weeds (g)
