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Abstract  This experiment aims to find the optimal 

foliar fertilizer type, planting distance, or combination of 

both to increase the productivity and growth of soybeans. 

This experiment was conducted in Mulyasari Village, 

Banyuasin District, South Sumatra Province, eleven feet 

above sea level, 2°38'42.35" South Latitude, and 

104°45'5.92" East Longitude. An overflow-type 

experiment took place in 2017 between April and August. 

For the trial, we used a randomized complete block design 

consisting of two components, each with three replications. 

The first factor was foliar fertilizer; in the absence of foliar 

fertilizer, nitrogen was included in (Nitrogen + Cu), 

(Nitrogen + Cu+ Zn), and (Nitrogen + Cu + Zn + Mg). The 

second factor was the planting distance, which came in two 

sizes, 25 cm by 20 cm and 40 cm by 12.5 cm, with two 

seeds in each hole. Six weeks after planting, the foliar 

fertilizer impacted the quantity of leaves and plant height 

(WAP). The productivity was 3.170 tons/ha without foliar 

fertilizer and 3.785 tons/ha with N + Cu, respectively. This 

means that foliar fertilization can increase yields by 615 kg 

ha-1 compared to without foliar fertilization. The planting 

distance had an impact on the number of leaves at 6 and 10 

WAP; plant fill pod count, 100 seed dry weight, plant dry 

weight, seed dry weight per plot, and production: 3. tons/ha 

at 25 cm × 20 cm and 3.278 tons/ha at 40 cm × 12.5 cm 

were the results. 

Keywords  Soybean, Pyrite, Foliar Fertilizer, 

Population, Tidal Swamps 

1. Introduction

The Indonesian population consumed 2.8 million tons of 

soybeans in 2022. Just 10.7%, or ± 0.3 million tons, of the 

total national production was sustained by the national 

production. In 1992, Indonesia's largest soybean planting 

area was recorded at 1.6 million hectares, with a 

productivity of 1.12 tons per hectare. However, by 2023, 

the same area had shrunk to 0.554 million hectares with a 

productivity of 1.45 tons per hectare [1]. The low price and 

low productivity of soybeans contributed to the decrease in 

planting area [2]. To meet the country's demand for 

soybeans, extra effort must be made, either by expanding 

the number of production sites or increasing crop output. 

Making the best use of marginal land outside Java Island 

is one option for expanding soybean farming in Indonesia. 
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The tidal swamp is one possible environment for the 

cultivation of soybeans in the future. Of Indonesia's 

approximately 20 million hectares of tidal wetlands, 9 

million are suitable for agriculture, and 2 million are good 

for soybean cultivation [3]. High pyrite content is the main 

barrier to soybean cultivation in tidal swamps. The area of 

tidal swamp with pyrite content > 9 % is grouped as very 

high, between 4-8 % as high, between 2-4 % as medium, 

and < 1 % as lower [4].  
The pH of the soil will drop when the pyrite oxidizes. 

Soybean productivity on tidal marshes was suppressed by 

high pyrite content by about 800 kg/ha when using a dry 

culture technique [5]. Tidal swamp soil fertility was 

indicated by low pH, high Al, high pyrite, medium P 

availability, and low K availability [6]. Using Saturated 

Soil Culture (SSC) technology, soybean productivity may 

increase while pyrite oxidation on tidal wetlands can 

decrease. In tidal wetlands on the C overflow type of 

Tanggamus, Slamet, Anjasmoro, and Wilis, the soybean 

productivity under saturated soil culture was 4.63, 2.85, 

2.62, and 2.47 tons/ha, whereas during dry culture, it was 

only 0.85, 016, 0.09, and 0.30 tons/ha [6]. Drought reduced 

seed yield by 19.1 % to 32.9% on grain legumes [7]. 

The production method known as saturated soil culture 

(SSC) was created in semi-arid tropical Australia and is 

said to boost soybean output over traditional irrigation. 

Water is kept in the furrows between beds with SSC from 

the beginning of vegetative stages till maturity. SSC was 

done with continuous irrigation 5 cm under soil surface 

from 15 days after planting until harvesting time [8]. 

Constant water table will decrease water inundation 

negative effect [9]. On tidal swamp, SSC was made with 

ditch width of 30 cm, ditch depth of 25 cm, water depth of 

20 cm from the soil surface, and bed width of 400 cm. The 

continuous irrigation was given from planting time until 

harvesting time [6]. 

Tidal swamps can be classified as type A, B, C, or D 

depending on the type of overflow they have. High tides 

constantly overwhelm Type A during both the rainy and 

dry seasons. Type C is not affected by high tide but is 

affected by groundwater levels that are deeper than 50 cm, 

while Type B is only covered by high tide during the wet 

season. Similar to type C, type D also has groundwater 

levels below 50 cm [10].  

The B overflow type will see saturated soil culture 

technology development expand. The B overflow type has 

better water availability than the C overflow type, but it 

also has a higher frequency of transient flooding, pyrite 

concentration, and Fe and Al content [11]. The application 

of ameliorant, minimum tillage, fertilization, water 

management, and genotype adaptability can all be used to 

tackle this issue [6]. 

The criteria of soybeans with high adaptation in a tidal 

swamp, under wet soil culture were: 1) high tolerance to Al 

and Fe, 2) high tolerance to temporary flooding, 3) high 

root hair development, and 4) high root compatibility to 

Rhizobium, sp and Mycorrhiza [12]. The tolerant variety 

had a higher root Al content than the sensitive variety to 

the Al stress [13]. The Anjasmoro variety is more tolerant 

than the Tanggamus Variety on the double stress Al and Fe 

[14]. 

Different types of soybeans responded differently to 

saturated conditions, with later maturing soybeans 

performing better than earlier ones [8]. The sensitivity 

index from the productivity variable was used to determine 

the variety's sensitivity to the brief flooding under saturated 

soil culture. Because the sensitivity indexes of Variety 

Tanggamus, Variety Anjasmoro and Variety Detam-2 

range from 1.067 to 1.226, they were categorized as 

sensitive varieties. Still, Wilis and Malika were classified 

as moderate-tolerant because their sensitivity index ranges 

from 0.680 to 0.857 [15]. 

The root and nodule beneath the water's surface will die, 

the leaf's N content will drop, and the soybean leaf will 

develop chlorosis during the early stages of acclimation 

under saturated soil culture [9]. Foliar fertilizer can be 

applied to address the low N content in leaves. When 

compared to foliar application, the application of N 

fertilizer through the soil proved to be ineffective.  

After planting, the acclimation phase lasted two to four 

weeks [16]. Under these circumstances, the amount of 

ethylene and ACC (1-aminocyclopropane-1-carboxylic 

acid) in the roots will rise [17], which will have an impact 

on the development of roots, nitrogenase activity in the 

nodule, and the creation of root aerenchyma [16]. 

Compared to a dry culture system, the nodule dry weight 

rose four times in non-tidal swamps [18] and the 

nitrogenase activity rose nine times in tidal swamps [16] 

under saturated soil culture. In comparison to a dry culture 

system, saturated soil culture resulted in greater nutrient 

uptake. The continuous irrigation increased N, P, and K 

nutrient uptake, respectively [19]. Application of nodule 

inoculant in combination with P led to increased 

nodulation, and contributed to higher yields of soybeans 

[20]. This physiological process will boost soybean output, 

fill pods per plant, and grow. This is the adaptability of 

soybeans grown in saturated soil. 

The application of N foliar fertilizer with enrichment Cu, 

Zn, and Mg will increase leaf nutrients and decrease leaf Al 

toxicity. The optimal population of soybean cultivation in a 

tidal swamp, under wet soil culture was 400.000 plants/ha 

[6]. The number of branches and fill pods per plant will rise 

with the proper planting distance. This experiment aims to 

determine the best foliar fertilizer type, planting distance, 

or combination of both to boost soybean growth and yield. 

2. Materials and Methods 

The study was performed in Mulyasari Village, eleven 

feet above sea level, 2°38'42.35" South Latitude, and 

104°45'5.92" East Longitude in Banyuasin District, South 
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Sumatra Province. An overflow-type experiment took 

place in 2017 between April and August. The research used 

a randomized complete block design with two factors, and 

three replications were used for the experiment. The first 

factor is the planting distance, which is separated into two 

categories. Each hole is 40 by 12.5 cm and each hole 

measures 25 by 20 cm. The second element is foliar 

application, which comprises 1) Without foliar fertilizer, 2) 

N, 3) N + Cu, 4) N + Cu + Zn, and 5) N + Cu + Zn + Mg. 

Foliar fertilizer was given 3, 4, 5 and 6 weeks after planting. 

The concentration of N is 10 g Urea l-1 water, Cu is 0.1 g 

CuSO4 l-1 water, Zn is 0.1 g ZnSO4 l-1 water, and MgSO4 is 

0.2 g l-1 water with a spray volume of 400 liters of water 

ha-1. This experiment used the Anjasmoro Variety. As seen 

in Fig. 1, a trench with 30 cm in width and 25 cm in depth 

surrounds each plot with a bed width of 4 meters. When 

planting, water was applied 20 cm below the soil's surface 

and maintained until the plots reached maturity, keeping 

them moist.  

Before doing the DMRT (Duncan Multiple Range Test) 

with a 95% confidence interval, the data were analyzed 

using Analysis of Variance (ANOVA). SAS version 9.0, 

Minitab, and Microsoft Excel 2016 were used to analyze 

variance. 

Plots with size 4 m x 3 m were applied one week before 

planting, along with 200 kg of SP-36 18 kg ha-1, 100 kg of 

KCl ha-1, and 2 tons of dolomite/ha. On the day of sowing, 

seeds were treated with an insecticide containing the active 

ingredient carbosulfan (25.53%) and inoculated with 

Rhizobium sp. Two seeds per hole were sown at planting 

distances of 25 cm by 20 cm and 40 cm by 12.5 cm. The 

observed variables are: plant height, leaf number, leaf 

nutrient content, branch number, fill pod, empty pod per 

plant, seed dry weight per plot, and 100-seed dry weight. 

 

Figure 1.  The size of the trench and bed width in saturated soil culture 
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3. Result and Discussions 

3.1. The Impact of Single Elements Planting Distance 

and Foliar Application 

The single planting distance factor unaffected plant 

height at 2–10 WAP, although it did alter; there are six 

leaves and 10 WAP. A planting distance of 25 cm × 20 cm 

produced more leaves than a planting distance of 40 cm × 

12.5 cm (Tables 1 and 2). 

Table 1.  How far a plant is planted affects its height (cm) 

Age (Week After 

Planting) 
Planting distance 

 25 x 20 40 x 12.5 

2 11.28 11.6 

4 17.64 17.68 

6 37.23 37.14 

8 40.12 40.24 

10 40.31 40.14 

Note: There is no discernible difference between numbers in a 
sequence that is followed by the same letter, according to the Duncan 
multiple range test α = 5%.  

Table 2.  Planting distance's impact on the quantity of leaves 

Age (Week After 

Planting) 
Planting distance 

 25 x 20 40 x 12.5 

2 1.35 1.39 

4 4.07 4.01 

6 17.05a 15.55b 

8 20.64 18.73 

10 20.64a 18.73b 

Note: There is no discernible difference between numbers in a 
sequence that is followed by the same letter, α = 5% based on the 
Duncan multiple range test results. 

The planting distance did not affect the number of 

branches per plant. However, it did impact the fill pod 

number per plant, 100 seed dry weight, seed dry weight per 

plant, seed dry weight per plot, and productivity. The 

productivity on the planting distance of 25 cm × 20 cm, fill 

pod number per plant, 100 seed dry weight, seed dry 

weight per plant, seed dry weight per plot, and so on were 

greater than 40 cm × 12.5 cm (Table 3). 

Table 3.  The impact of planting distance on productivity, branch number, 
fill pod number, plant and seed dry weight, 100 dry weight, and seed dry 
weight/plot 

Variable 
Planting distance 

25 x 20  40 x 12.5 

Branch number per plant 3.54 3.22 

Fill pod number per plant 41.80a 36.96b 

Seed dry weight per plant (g) 13.65a 12.17b 

100-seed-dry weight 15.10a 16.00b 

Seed dry weight per 6.0 m2 (g) 2 104.8a 1 966.8b 

Productivity (ton ha-1)  3.508a 3.278b 

Note: There is no discernible difference between numbers in a 
sequence that is followed by the same letter, according to the Duncan 
multiple range test α = 5%. 

In Indonesia, the lowland tidal marsh area had higher 

levels of solar radiation intensity than the country's 

highlands. In August, the sun radiation intensity was 1,063 

Wm-2 in the tidal swamp at Mulyasari, South Sumatra 

Province, and only 434 Wm-2 in the highland of Bogor, 

West Java [21]. High productivity will be supported by the 

intensity of the sun's rays when planting distance and 

fertilizer are suitable. With a planting distance of 25 cm by 

20 cm, the productivity of the soybean was 3.50 tons/ha, 

and it was classified as high productivity in Indonesia. The 

productivity of soybeans in the country was only 1.45 tons 

ha-1 [1]. 

At 6 WAP, the foliar fertilizer alone impacted plant 

height and leaf count; however, similar effects were not 

observed at subsequent ages. The most remarkable plant 

and leaf count was achieved by applying foliar fertilizer     

N + Cu. The shortest plant and the fewest leaves were 

observed with the application of foliar fertilizer N + Cu + 

Zn (Tables 4 and 5). 

Table 4.  Foliar fertilizer's impact on plant height 

Age (WAP) 
Foliar Fertilizer 

Without fertilizer Nitrogen Nitrogen + Cu Nitrogen + Cu + Zn Nitrogen + Cu + Zn + Mg 

2 11.53 11.50 11.34 11.07 11.77 

4 17.3 17.6 18.33 17.27 17.8 

6 35.38b 38.40a 38.13a 34.42b 39.59a 

8 38.37 42.04 38.57 39.8 42.13 

10 37.84 42.24 39.3 39.4 42.34 

Note: There is no discernible difference between numbers in a sequence that is followed by the same letter, according to the Duncan multiple 
range test α = 5%. 
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Table 5.  Foliar fertilizer's impact on leaf number 

Age (WAP) 
Foliar Fertilizer 

Without fertilizer Nitrogen Nitrogen + Cu Nitrogen + Cu + Zn Nitrogen + Cu + Zn + Mg 

2 1.34 1.64 1.37 1.14 1.37 

4 3.87 4.07 4.5 3.9 3.87 

6 15.43bc 16.64b 18.60a 14.25c 16.60b 

8 18.3 20.84 19.84 20.2 19.27 

10 18.3 20.84 19.84 20.2 19.27 

Note: There is no discernible difference between numbers in a sequence that is followed by the same letter, according to the Duncan multiple 
range test α = 5%. 

Table 6.  The impact of foliar fertilizer on productivity, branch number, fill pod number, plant seed dry weight, 100 dry weight, and seed dry 
weight/plot 

Variable 
Foliar Fertilizer 

Without fertilizer Nitrogen Nitrogen + Cu Nitrogen + Cu + Zn Nitrogen + Cu + Zn + Mg 

Branch number per 

plant 
3.30 3.60 3.55 3.15 3.30 

Fill pod number per 

plant 
39.05 40.50 42.20 34.50 40.65 

Seed dry weight per 

plant (g) 
13.41 13.29 13.81 11.39 12.65 

100-seed-dry weight 15.10 16.00 16.00 16.00 15.75 

Seed dry weight per 

6.0 m2 (g) 
1902 1977 2271 1941 2088 

Productivity (ton ha-1) 3.170 3.295 3.785 3.235 3.480 

Note: There is no discernible difference between numbers in a sequence that is followed by the same letter, according to the Duncan multiple 
range test α = 5%. 

The foliar fertilizer did not affect the number of fill 

pods and branches on each plant, the quantity of seed dry 

weight per plant, the quantity of seed dry weight per plot, 

and productivity. Table 6 shows that the productivity 

range for all foliar fertilizer treatments was 3.170-3.785 

tons ha-1. There are indications from the trend of the seed 

dry weight per plot that the foliar application will tend to 

increase soybean productivity, although the statically was 

no different. The leaf N content was predicted to be still 

low, i.e. < 4 %. 

To achieve the soybean productivity of 4 ton ha-1, the 

leaf N content is minimal at 4 % [22]. In this experiment, 

the leaf N content was in the range of 3.0–3.5 %. 

Therefore, the N leaf fertilizer concentration will be 

increased to 15-20 g Urea l-1 water under saturated soil 

culture in the high pyrite location. The pyrite content in 

the B overflow type was more elevated than in the C 

overflow type [11]. Applying N leaf fertilizer with a 

concentration of 30 g Urea l-1 water will cause the 

soybean leaf to be burnt [23]. 

The application of foliar fertilizer of Nitrogen, Nitrogen 

+ Cu, Nitrogen + Cu + Zn, Nitrogen + Cu + Zn + Mg 

increased productivity of soybeans as much as: 125 kg 

(3.94 %), 615 kg (19.4 %), 65 kg (2.05 %), and 310 kg 

(9.7 %) than without fertilizer, respectively. The highest 

productivity of soybeans was obtained on Nitrogen + Cu. 

Nitrogen + Cu foliar fertilizer ha-1 need Urea 16 kg ha-1 

with price U$ 0.657 (U$ 10.512), CuSO4 0.6 kg with price 

U$ 3.757 (U$ 2.254), and spraying 8 mans with price 

U$ 6.262 (U$ 50.096), or total cost ha-1 as much as 

U$ 62.862. The income of Nitrogen + Cu from the 

increasing productivity ha-1 compared without fertilizer 

was obtained 615 kg with price U$ 0.626 (U$ 384.990), 

and the benefit ha-1 was obtained U$ 322.128. 

3.2. The Impact of Foliar Fertilizer and Planting 

Distance Interaction 

The interplay between foliar fertilizer and planting 

distance impacted plant height at 2 WAP. On the planting, 

the tallest plant was found distance of 40x12.5 cm, and on 

the foliar fertilizer Nitrogen + Cu + Zn + Mg. The shortest 

plant was obtained on the planting distance of 40 × 12.5 cm, 

and on the foliar fertilizer N + Cu + Zn; and on the planting 

distance of 25 cm × 20 cm, and on the foliar fertilizer N 

(Table 7).  

Based on the data presented in Table 7, it appears to be 

examining the effect of the interaction between planting 

distance and the application of various foliar fertilizers on 

development of plants two weeks following planting 
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(WAP). The table displays the mean values of a measured 

variable (possibly plant height, leaf area, or biomass) for 

different combinations of planting distances and foliar 

fertilizer treatments. The planting distances evaluated were 

25 cm × 20 cm and 40 cm × 12.5 cm, which likely represent 

different plant densities or spacing configurations. The 

foliar fertilizer treatments included no fertilizer (Without), 

nitrogen (N), nitrogen + copper (N + Cu), nitrogen + 

copper + zinc (N + Cu + Zn), and nitrogen + copper + zinc 

+ magnesium (N + Cu + Zn + Mg). 

At the 25 cm × 20 cm planting distance, the highest 

mean value was observed for the Without treatment (11.73), 

followed by N + Cu (11.27), N + Cu + Zn (11.27), N + Cu 

+ Zn + Mg (11.20), and the lowest mean value was for the 

N treatment (10.93). At the 40 cm × 12.5 cm planting 

distance, the highest mean value was observed for the N + 

Cu + Zn + Mg treatment (12.33), followed by the N 

treatment (12.07), N + Cu (11.40), Without (11.33), and 

the lowest mean value was for the N + Cu + Zn treatment 

(10.87). 

The significance of the differences between the means 

was determined using Duncan's multiple range test at a 5% 

level, as indicated by the letters following the numerical 

values. This means that the same letters within the same 

row are not significantly different from each other. 

Table 7.  The result of interactions between planting distance and Foliar 
Fertilizer on the plant height at 2 WAP 

Foliar Fertilizer 
Planting distance 

25 x 20 40 x 12.5  

Without Fertilizer 11.73bc 11.33cd 

N 10.93d 12.07ab 

N + Cu 11.27cd 11.40cd 

N + Cu+ Zn 11.27cd 10.87d 

N + Cu+ Zn + Mg 11.20cd 12.33a 

Note: There is no discernible difference between numbers in a 
sequence that is followed by the same letter, according to the Duncan 
multiple range test α = 5%. 

4. Conclusions 

The leaf number at 6 and 10 WAP, productivity, pod 

count/plant, seed dry weight per plant, seed dry 

weight/plot, and 100 seed dry weight were all impacted by 

planting distance. Soybeans produced more when planted 

at a 25 cm × 20 cm spacing than 40 cm × 12.5 cm. At a 

planting distance of 25 cm by 20 cm, the productivity was 

3.508 tons/ha, and at 40 cm by 12.5 cm, it was 3.278 

tons/ha. Foliar fertilizer affected plant height and number 

of leaves at 6 WAP but not other parameters. Production 

was 3.170 tons/ha without foliar fertilizer and 3.785 

tons/ha with nitrogen + copper. This means that foliar 

fertilization can increase yields by 615 kg ha-1 compared 

to without foliar fertilization. Plant height was the sole 

criterion affected by the planting distance at 2 WAP and 

foliar fertilizer mix. 
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