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Abstract. In Indonesia, soybean is mostly cultivated in lowland following the yearly planting pattern of paddy – paddy – soybean under 

zero-tillage condition. The research aim was to evaluate the agronomic performance of several soybean genotypes in lowland paddy 

fields under zero-tillage condition. A total of 12 soybean genotypes, including the check varieties of Wilis and Anjasmoro, were 

evaluated in lowland after rice planting in three locations (Klaten, Pasuruan, and Tabanan). A randomized block design with four repli-

cations was used in each location. The soybean yield is a complex character which determined by interrelated agronomic characters. The 

averages seed yield in Klaten, Pasuruan, and Tabanan were 2.97 t/ha, 3.02 t/ha, and 2.68 t/ha, respectively. Two genotypes produced 

equal yield with Anjasmoro, i.e. AT12-1062 (3.01 t/ha) and AT12-1037 (3.0 t/ha). Anjasmoro variety had the highest 100 seed weight 

(15.40 g), and only AT12-1035 showed the equal seed weight. The average days to maturity of 12 genotypes was 83 days. In addition to 

Anjasmoro variety, soybean genotypes AT12-1062 and AT12-1037 (medium maturity and medium seed size) as the new findings form 

this study were potential to be developed at lowland paddy fields under zero-tillage condition. The availability of the soybean genotypes 

adaptive to lowland paddy field under zero tillage condition is important to optimize the soybean productivity as well as the income of 

farmers in Indonesia. 
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INTRODUCTION  

In Indonesia, soybeans are mostly cultivated in 

lowland, according to a year planting pattern of paddy 

– paddy – soybean. The growing season of food crops 

in Indonesia consists of the rainy season (Novem-

ber/December), first dry season (February/March), 

and second dry season (June/July). Soybean in the 

paddy fields after the rice planting is usually cultivat-

ed in the second dry season and it has become the 

largest soybean area in Indonesia.  

Research on Anjasmoro variety which treated by 

tillage and zero-tillage condition did not obtain the 

significant yield (Tarigan, 2015). The response of 

soybean variety of Wilis to three ways of soil pro-

cessing (only processed around the planting hole, 

processed once, and processed twice) also showed a 

non-significant yield (Raintung, 2010). Other research 

using Grobogan variety revealed that the combination 

of maximum soil treatment and the weeding time at 

24 and 44 days after planting produced the highest 

seed yield, lowest weed dry weight, highest number 

of pods per plant, and the highest number of seeds per 

plant (Akbar, 2012). Furthermore, Hosseini et al. 

(2016) reported a significant increase in yield of soy-

bean planted in a no-tillage system compared to a 

conventional tillage system. However, Kiszonas 

(2010) concluded that no differences exist between 

soybean grown in conventional tillage and no-tillage 

systems in Iowa and that locally adapted cultivars can 

be selected to maximize yield regardless of tillage 

system in Iowa. In Indonesia, soybean cultivation in 

the paddy field is a cultivation system that has been 

commonly used by farmers (Shurtleff & Aoyagi 

2010). On the contrary, zero-tillage farming or mini-

mum tillage is widely used in USA (Mathew et al., 

2012; Islam & Reeder, 2014).  

Various studies above showed that each soybean 

genotype responded differently to a certain environ-

ment, including zero-tillage environment. This is due 

to each genotype has different morphological and 

physiological characteristics. Even many studies 

found a significant interaction between genotype and 

environment (Yan & Rajcan, 2002; Pereira et al., 

2009; Krisnawati et al., 2016; Krisnawati & Adie, 

2018a) which indicates each genotype has a different 

adaptation to the specific environment. Soybean yield 

has been considered as a complex character, which 

not only determined by the adaptability to the envi-

ronment but also determined by the interaction be-

tween the agronomic characters of yield components. 

Seed morphological characters, i.e. seed width and 

seed height were reported to play an important role in 

the yield and quality of the seed (El-Abady et al., 

2012; Hu et al., 2013). Seed quality is often a prereq-

uisite for industrial raw materials, including for indus-



Mochammad Muchlish Adie et al. / Biosaintifika 12 (2) (2020): 140-146 
 

141 
 

tries in Indonesia. Yield components have been re-

ported as characters that determine the soybean yield 

(He et al., 2017; Ghanbari et al., 2018; Wang et al., 

2010).  Vu et al. (2019) found a significant positive 

direct effects of total number of seeds per plant and 

100 seed weight on grain yield of soybean progeny. 

Kuswantoro et al. (2018) suggested to use the days to 

flowering and weight of 100 seeds as selection criteria 

for high yield in soybean.  

The soybean farming in the lowland paddy field in 

Indonesia use no-tillage farming system because there 

is still high enough humidity, and hence, it only needs 

to make the irrigation channels to maintain the soil 

humidity. Soybean is planted no later than 10 days 

after the rice harvest. In order to optimize soybean 

productivity in the paddy field under zero-tillage con-

dition, the identification of adaptive soybean geno-

type on that environment is needed. The new findings 

of this study are soybean genotypes with high yield 

potential adaptive to lowland paddy fields under zero-

tillage condition. The objective of the research was to 

evaluate the yield and agronomic performance of 

several soybean genotypes in the lowland paddy 

fields under zero-tillage condition. The results of this 

study were expected to produce new high-yielding 

soybean cultivars adaptable to lowland paddy fields in 

order to optimize soybean productivity and increase 

farmers ' income. Also, the selected lines obtained 

from this study can be used for gene sources in the 

soybean breeding program in Indonesia.    

METHODS    

The research material consisted of ten genotypes 

(AT-12-1141, AT-12-1147, AT-12-764, AT-12-273, 

AT-12-1041, AT-12-1062, AT-12-1037, AT-12-1058, 

AT-12-1035, AT-12-285) and two check varieties 

(Wilis and Anjasmoro). Wilis has medium seed size 

and medium maturity, while Anjasmoro has large 

seed size but medium maturity. The field experiment 

was conducted in three soybean production centers in 

Indonesia, namely Klaten (Central Java), Pasuruan 

(East Java), and Tabanan (Bali Island). 

 

Field Experiment 

The field experiment was conducted during the se-

cond dry season with a yearly planting pattern of pad-

dy – paddy – soybean. On each location, the experi-

mental design was laid out in a randomized block 

with four replications. The research was conducted in 

the lowland paddy field after rice planting under zero-

tillage condition. The irrigation channel was made 

before planting. Each genotype was planted in a 2.4 m 

× 4.5 m plot size, with 40 cm × 10 cm planting dis-

tance and two seeds per hill. Plants were fertilized by 

50 kg Urea, 100 kg SP36, and 75 kg KCl per ha, 

which applied evenly before planting. The irrigation 

channels were made to maintain optimum condition 

for soil field capacity. The weed, pests, and diseases 

were intensively controlled, starting from eight days 

after planting. Pods were harvested when 95% of the 

leaf turned yellow in a population. 

 

Observation and Data Analysis 

The data were categorized as main and supporting 

characters. The main characters consisted of seed 

size, days to maturity, and seed yield. The supporting 

characters were plant height, the number of nodes, 

and the number of filled and empty pods. Data were 

analyzed using a combined analysis of variance 

(ANOVA) and continued with LSD test (Least Signif-

icant Differences) at 5% level of significance.  

RESULTS AND DISCUSSION 

Soybean cultivation in lowland after rice planting 

has become the largest contributor to soybean needs 

in Indonesia. The characteristic for soybean cultiva-

tion after rice planting in Indonesia is without soil 

tillage (Figure 1). The combined ANOVA test for 

yield and agronomic characters showed that envi-

ronment (location) was significant for all charac-

ters studied, whereas genotype was significant 

for all characters except for seed yield. The geno-

type by environment interaction (GEI) was sig-

nificant for days to maturity and the number of 

nodes. The significant GEI revealed greater ge-

netic variability among the soybean genotypes 

across environments for days to maturity and the 

number of nodes.  

In this study, the GEI effect for seed yield was 

not significant, it means that genotypes have the 

same response to the variation of environmental 

conditions and the yield performance of the 

genotypes do not vary in three locations. The CV 

(coefficient of correlation) value ranged from 

1.75 – 54.73% (Table 1). Most of the previous 

studies which conducted in the lowland of Indo-

nesia showed that the CV values were under 15% 

(Adie et al., 2015; Krisnawati & Adie 2018b), 

whereas, the study in the sub optimal land 

showed the CV of seed yield was generally over 

15% (Adie & Krisnawati 2016). The lowland 

generally has uniform soil fertility compared to 

those of sub optimal land, for example acid soil 

and saline soil which more heterogeneous for 

their level of soil nutrient.   
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 Figure 1. The field experiment of soybean in lowland: (A) no-tillage soil, (B) early growth stage,  

(C) generative stage 

 

Table 1. Combined analysis of variance of yield and yield components.  

Character 
Mean square 

CV (%) 
Location (L) Genotype (G) L × G 

Days to maturity (days) 250.8958
**

 25.9867
**

 13.9791
**

 1.75 

Plant height (cm) 2778.3213
**

 408.4195
**

 45.1726
ns

 8.47 

Number of node/plant 149.0573
**

 13.5141
*
 11.4530

*
 22.46 

Number of filled pod/plant 8215.8183
**

 195.6604
*
 103.0791

ns
 18.22 

Number of empty pod/plant 36.7086
**

 0.2960
ns

 0.7513
ns

 54.73 

100 seed weight (g) 60.1534
**

 18.3513
**

 1.0727
ns

 8.96 

Seed yield (t/ha) 1.8941
*
 0.1548

ns
 0.1859

ns
 13.03 

Note: CV = coefficient of variation, ns = not significant, * = significant at p = 0.05; ** = significant at p = 0.01  

 

The determination of the main characters was 

based on the preferences of soybean consumers’ in 

Indonesia, i.e. high yield, early maturity, and large 

seed size. The classification of soybean maturity in 

Indonesia consists of early maturity (< 80 days), 

medium (80 – 90 days), and late maturity (>90 days). 

The classification of soybean seed size consists of 

large (<14 g/100 seeds), medium (10 – 14 g/100 

seeds), and small seeded (<10 g/100 seeds). 

The average yields in Klaten, Pasuruan, and 

Tabanan were 2.97, 3.02, and 2.68 t/ha, respectively 

(Table 2). The location of Pasuruan produced higher 

yield productivity than two other locations ranged 

from 2.74 to 3.35 t/ha. Wilis variety produced the 

highest yield in Pasuruan, while the yield of 

Anjasmoro was only 2.87 t/ha. In addition to Wilis, 

there were six genotypes able to produce over 3.0 t/ha 

in Pasuruan. Range of yield in Klaten was from 2.55 

– 3.16 t/ha. The best genotype in Klaten was AT-12-

1141 (3.22 t/ha) and followed by Anjasmoro (3.16 

t/ha). In Klaten, the yield of Wilis was less optimal. In 

Tabanan, the yield ranged from 2.30 to 3.26 t/ha (Ta-

ble 2). The best genotype in Tabanan was AT-12-

1147 (3.26 t/ha) and followed by Anjasmoro (3.00 

t/ha) (Figure 2).  

The range of average yield of three locations was 

from 2.78 – 3.01 t/ha, with a grand mean of 2.89 t/ha 

(Table 2). The average yield of Anjasmoro was 3.01 
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t/h, and there were two genotypes with equal yield to 

Anjasmoro, i.e. AT-12-1062 (3.01 t/ha) and AT-12-

1037 (3.00 t/ha). The average yield of Wilis was 2.84 

t/ha. Based on the average yield in three locations, 

there was an opportunity to obtain soybean genotype 

adaptive to the lowland paddy field under zero-tillage 

condition.  

The days to maturity in three locations were rela-

tively equal, i.e. 82 days (Klaten), 84 days (Pasuruan), 

and 83 days (Tabanan). The range of maturity in three 

locations was from 80 – 85 days (an average of 83 

days) (Figure 3a). Based on the average of maturity, 

the early maturity genotype was not found. The earli-

est maturing genotype was AT-12-285 (80 days), and 

the latest maturing was Wilis (85 days). The averages 

100 seed weight in Klaten, Pasuruan, and Tabanan 

were 11.21, 13.08, and 13.20 g/100 seed, respectively 

(Figure 3b). The range of seed weight from three lo-

cations was 11.34 – 15.40 g/100 seed. The 100 seed 

weight of Anjasmoro and Wilis were 15.40 g and 

11.83 g, respectively. There was a genotype with 

large seed size, i.e. AT-12-1035 (14.43 g/100 seed). 

 

Table 2. Seed yield of 12 soybean genotypes in three 

lowland paddy fields  

Genotype 
Seed yield (t/ha) 

Klaten Pasuruan Tabanan Mean 

AT-12-1141 3.22 3.05 2.66 2.98 

AT-12-1147 2.83 2.82 3.26 2.97 

AT-12-764 3.00 2.98 2.35 2.78 

AT-12-273 3.08 3.04 2.30 2.81 

AT-12-1041 2.94 2.90 2.51 2.78 

AT-12-1062 3.03 3.10 2.91 3.01 

AT-12-1037 2.93 3.25 2.83 3.00 

AT-12-1058 2.81 3.14 2.53 2.83 

AT-12-1035 3.09 3.00 2.56 2.88 

AT-12-285 3.00 2.74 2.59 2.78 

Wilis 2.55 3.35 2.63 2.84 

Anjasmoro 3.16 2.87 3.00 3.01 

Mean 2.97 3.02 2.68 2.89 

 

 
Figure 2. Seed yield of 12 soybean genotypes in three 

lowland paddy fields 

 

The performance of plant height in Klaten (58.42 cm), 

Pasuruan (70.29 cm) and Tabanan (72.60 cm) varied 

between locations (Figure 4a). The average plant 

height in Klaten was shorter than two other locations. 

However, it was still categorized as normal height. 

The average plant height of three locations ranged 

from 54.77 – 73.76 cm. Cicek et al. (2006) revealed 

that plant height was strongly and positively 

correlated with seed yield. However, in the lowland 

with fertile indications, plant height is not required to 

optimize the yield potential of soybean genotypes 

because they will accelerate the plant lodging, 

whereas in less fertile lowland, high plants will affect 

the increase of the number of nodes, and filled pods 

per plant (Kuswantoro, et al. 2018). 

The average number of nodes in Klaten, Pasuruan, 

and Tabanan were 12.69, 9.17, and 10.80 nodes/plant, 

respectively (Figure 4b). Location of Klaten produced 

shorter plant height but the highest number of nodes 

per plant among all locations. The range of the num-

ber of nodes was 9.74 – 12.94 nodes/plant. Wilis pro-

duced the highest number of nodes (12.94 

nodes/plant), whereas Anjasmoro produced the least 

number of nodes (9.49 nodes/plant). The number of 

filled and empty pods of 12 genotypes in three loca-

tions are presented in Figure 5. The average number 

of filled pods in Klaten, Pasuruan, and Tabanan were 

37.45, 53.23, and 63.42 filled pods/plant, 

respectively. The average number of empty pods in 

Tabanan (0.92 empty pods/plant) was less than 

Pasuruan (0.94 empty pods/plant). Number of the 

empty pods was in a few number, so that, it has less 

effect on the seed yield.  

Machikowa and Laosuwan (2011) found that the 

number of pods and number of branches were im-

portant characters to obtain high yielding genotype. 

Furthermore, Ghodrati el al. (2013) suggested to use 

the number of nodes and days to maturity as a selec-

tion basis of high yielding lines. Valencia-Ramirez 

and Ligarreto-Moreno (2012) reported that the num-

ber of pods with three seeds per pod had a high 

association with seed yield. 

When observing the productivity of tested geno-

types (Figure 2), it was showed that there were sever-

al soybean genotypes that were not constrained by the 

environmental conditions of lowland areas after rice 

planting under zero-tillage condition.  In the tropics, 

the agricultural system of zero-tillage has been ap-

plied which combined with the mulch application to 

reduce the effect of high soil temperature, high 

rainfall intensity, and water deficit (Jordán et al., 

2011; Bhatt, 2017).  
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       (a)                (b) 

Figure 3. Days to maturity (a) and seed size (b) of 12 soybean genotypes in three lowland paddy fields 

 

 
  (a)             (b) 

Figure 4. Plant height (a) and number of nodes (b) of 12 soybean genotypes in three lowland paddy fields 

 

 
(a)              (b) 

Figure 5. Number of filled and empty pod of 12 soybean genotypes in three lowland paddy fields 

 

In the zero-tillage system, the organic matter on 

the surface of the soil has relatively more functions. 

The long-term zero-tillage system resulted in higher 

soil carbon and nitrogen contents, viable microbial 

biomass, and phosphatase activities at the 0–5 cm 

depth than the conventional tillage (Mathew et al., 

2012). A zero-tillage environment caused a lower 

population of weed and produced a better soil quality 

both physically and biologically (increasing soil or-

ganic matter content, aggregate stability, and soil 

infiltration) that is potential to obtain optimal soybean 

yield.  

Adaptability and yield of a soybean genotype are 

complex characters. In this study, the best genotypes 

were AT-12-1062 and AT-12-1037, with average 

yield in three location reached 3.0 t/ha (Table 2), 

which is equivalent to the yield of Anjasmoro (3.01 

t/ha). The best two genotypes have medium seed size, 

meanwhile Anjasmoro has large seed size. The days 

to maturity of those genotypes also equivalent to 

Anjasmoro (medium maturity). In Indonesia, large 

seeded genotype is used as raw material for the 

tempeh industry. AT-12-1035 was classified as large 

seeded, but the yield was only 2.88 t/ha. The earliest 
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maturing genotype was AT-12-285 with a yield of 

2.78 t/ha. 

The new findings of this study are the soybean 

genotypes AT-12-1062 and AT-12-1037 which adap-

tive to lowland paddy field with no-tillage. The result 

of this study recommend the development of soybean 

genotypes AT-12-1062, AT-12-1037 and Anjasmoro 

in the lowland paddy fields under zero tillage  condi-

tion. The availability of these soybean genotypes is 

essential in order to optimize the productivity of 

soybean as well as the income of farmers in Indone-

sia. 

CONCLUSION 

The characteristics of soybean genotypes adaptive 

to the lowland paddy field under zero-tillage condi-

tion had a high number of filled pods and nodes. Soy-

bean genotypes AT-12-1062 and AT-12-1037 which 

were able to produce over 3.0 t/ha is potential to be 

developed in a lowland paddy field under zero-tillage 

condition. Those genotypes have medium maturity 

and medium seed size. 
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