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Abstract— The agroecosystem for soybean cultivation in Indonesia is diverse, such as the acidic dryland and the wetland after rice 

cultivation.  This research aims to evaluate the performance of seed yield and agronomic traits and identify soybean genotypes with 

good adaptation in the acidic dryland and wetland environments. Twelve soybean genotypes were evaluated for their yield and yield 

components in Lampung (dry land) and Banyuwangi (wetland). The result showed the similarity in the days to flowering and maturity 

between land types. The average performance of the plant height, number of branches, number of fertile nodes, and number of filled 

pods in the wetland was higher than in the acidic dryland. The average 100 seeds weight in acidic dryland and wetland were 13.00 g 

and 17.13 g, respectively. The seed yield in the acidic dryland and wetland were 2.12 t/ha and 3.37 t/ha, respectively. Based on the seed 

yield, there were three groups of adaptive genotypes. The first group consists of genotype adaptive in the acidic dryland (SPL-186, 2.85 

t/ha), the second group consists of genotype adaptive in the wetland, namely (SPL-183, 3.59 t/ha), and the third group consists of 

genotypes adaptive in both land types (SPL-182 and SPL-181, 3.05 and 3.07 t/ha, respectively). The SPL-182 and SPL-181 maintained 

their high potential yield both in the acidic dryland and wetland, implying adaptable genotypes. Those genotypes are recommended to 

be developed in acidic dryland as well as the wetland. These findings pave the way for increasing soybean yield productivity. 
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I. INTRODUCTION

The soybean cultivation system in Indonesia is distinct 
from that of other countries in that it can be cultivated in three 
growing seasons: the rainy season, the first dry season, and 
the second dry season. Cropping trends like these have 
consequences for the soybean seed production system, which 
can be carried out in many locations and seasons. The soybean 
development is potentially be performed in acidic soil, 
dryland, and wetland after the rice planting. Therefore, the 
availability of soybean varieties adaptive to a wide range of 
soil types is more advantageous than the variety that only 
adapts to certain soil types. 

A soybean genotype adaptive ability across environments 
is characterized by its ability to maintain a relatively high 
yield potential in each growing environment. Yield potential 
is the maximum yield achieved when a crop is grown without 
water and nutrient limitations, and with pests, diseases, weeds, 
lodging, and other stresses effectively managed [1]. One of 
the constraints in the soybean development in the acidic 

dryland is associated with soil nutrition availability. In the 
humid tropics, soils become acidic naturally due to the 
leaching of basic cations under high rainfall conditions [2], 
which may inhibit root growth, leading to lower tolerance to 
drought stress and decreased grain yields [3]. According to 
Muletaa et al. [4], the inoculation of soybean with rhizobial 
inoculants could be one of the strategies that may increase the 
performance of soybean in acidic soils.  

One of the constraints during wetland soybean cultivation 
is the low use of recommended soybean cultivation 
technology. Soybean cultivation technology packages have 
been used in some studies. A study on soybean adaptation in 
wetland areas without soil tillage in several soybean 
production centers yielded a relatively high yield range of 
2.78 – 3.01 t/ha. [5]. Another study on the application of the 
biofertilizer technology for soybean in the rainfed area 
increased soybean yield 71% higher than the existing 
technology [6]. In another study, Gaweda et al. [7] compared 
the economic value of soybeans grown in various cropping 
systems and found that the economic value of monoculture 

1812



soybeans (including grain yield) was higher than soybeans 
grown in crop rotation.  

Soybean productivity is affected by the genetic potential of 
the cultivar, environmental conditions, and cultivation 
techniques [8]. Soybean genotype adaptive to acid soil was 
supported by higher plant height and followed by a high 
number of nodes per plant, a number of pods per plant [9], 
and long days to maturity [10]. Seed yield is a complex trait 
that is determined by the yield components.  The number of 
pods per m−2 was an important feature that determines the 
yield potential in soybean [11]. A recent study on soybean 
revealed that the seed yield showed a highly significant and 
positive correlation with the number of branched nodes, the 
number of pods with two and three seeds, and the total number 
of pods [12]. Based on the findings of those studies, it appears 
that the plant's ability to adapt to a specific environment and 
produce a high yield is determined by the various agronomic 
traits that may interact with each other.  

Each plant can adapt to different growing environments, 
which may be caused by morphological or physiological 
characteristics [13], [14]. Soybean genotypes that can adapt 
to a variety of growing environments have some advantages, 
particularly in the tropical farming system of Indonesia. 
Genotypes with an adaptive response to diverse environments 
are a powerful option for increasing crop productivity. 
Therefore, this study aims to evaluate the performance of seed 
yield and agronomic traits and identify soybean genotypes 
with good adaptation in acidic dryland and wetland 
environments.  

II. MATERIALS AND METHODS 

A. Plant Materials  

The research material consists of ten soybean genotypes 
derived from crossing between various parental with different 
genetic variability. The genotypes and the codes were SPL-
1811 (G1), SPL-1813 (G2), SPL-1814 (G3), SPL-1819 (G4), 
SPL-1825 (G5), SPL-186 (G6), SPL-1810 (G7), SPL-183 
(G8), SPL-182 (G9), and SPL-181 (G10). The soybean 
varieties Demas 1 (G11) and Anjasmoro (G12) were used as 
the check cultivars. The characteristic of Demas 1 was 
adaptive to acidic dryland. Meanwhile, Anjasmoro was 
adaptive to the wetland. The flowchart methodology of this 
research is illustrated in Figure 1. 

B. Field Study 

The field experiment was performed in two locations of 
soybean production centers, i.e., on the acidic, dry land in 
Lampung (Mandah Village, Tegineneng District, Pesawaran 

Regency), and on the wetland in Banyuwangi (Gambiran 
Village, Gambiran District, Banyuwangi Regency). The 
Pesawaran and Banyuwangi Regency have an average rainfall 
of 2332 mm/year and 4300 mm/year. The randomized block 
design with four replicates was applied to each location. In 
Pesawaran, the soil tillage was intensively performed before 
soybean planting. In Banyuwangi, soybean was planted in 
wetland after rice planting with zero tillage. Each genotype 
was sowing in a plot size of 2 m × 4.5 m, with planting spacing 
of 40 cm × 15 cm, two plants per hill. The pests, diseases, and 
weeds were intensively controlled 

C. Data Observation and Analysis 

Data measurement on each location was performed on the 
days to flowering, days to maturity, plant height (cm), number 
of branches, number of fertile nodes, number of filled pods, 
number of empty pods, 100 seed weight (g), and seed yield 
(t/ha). Data were analyzed using a Combined Analysis of 
Variance (ANOVA) using statistical analysis package 
software Minitab 17.1.0 [15]. In addition, a cluster analysis 
was performed for grouping the genotypes based on the 
agronomic traits in two locations, visualized in the unrooted 
dendrogram using PBSTAT-CL 2.1 software [16]. 

 
Fig. 1  Flowchart of methodology research 

III. RESULTS AND DISCUSSION 

A. Environmental Characteristics 

Pesawaran and Banyuwangi have different environmental 
characteristics in terms of soil type, soil chemical properties, 
and climate (Table 1).  

 

TABLE I 
CHARACTERISTICS OF LOCATIONS IN THE ACIDIC DRYLAND (PESAWARAN) AND WETLAND (BANYUWANGI). 

Location Soil type 
Climate type 

(Oldeman) 

Elevation 

(asl) 

Actual pH 

H2O 1:5 

P2O5 

Bray 1 

ppm 

Concentration 

Aldd KCl 1N 

Cmol+/kg 

HddKCl 1N 

Cmol+/kg 

Mandah Village, Tegineneng 
District, Pesawaran Regency, 
Lampung 

Red, 
Yellow 

Podzolic 
B 69 5.4 1.50 0.00 0.85 

Gambiran Village, Gambiran 
District, Banyuwangi Regency, 
East Java 

Entisol C 168 7.1 40.24 0.00 0.43 
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The Pesawaran is located on a low elevation (69 m a.s.l), 
climate type of B (Oldeman classification), with Red Yellow 
Podzolic soil, pH 5.4, and the low availability of Phosphorus 
(P).  Banyuwangi Regency located at medium elevation (168 
m a.s.l), climate type of C (Oldeman classification), with soil 
type of Entisol, pH 7.1, and the relatively high P. Thus, 
Pesawaran’s location can be classified as acidic soil, whereas 
Banyuwangi was alkaline soil. The combined analysis of 
variance showed that interaction between genotypes and 
location was significant for all agronomic characters, except 
days to flowering. 

B. Plant Age 

The plant age can be measured based on the days to 
flowering and days to maturity. The days to flowering of 
twelve genotypes in the acidic dryland ranged from 29-35 
days (an average of 31 days), whereas in the wetland ranged 
from 33-35 days with an average of 34 days. The days to 
maturity in the acidic dryland and wetland ranged from 77-84 
days (an average of 81 days) and 82-84 days (an average of 
83 days) (Table 2). 

The character of days to maturity becomes an important 
consideration for farmers before adopting a new and 
improved variety. For example, several soybean varieties for 
acidic dryland in Indonesia have the days to maturity from 82-
86 days [9], [10]. Meanwhile, in Bangladesh, the days to 
flowering and days to maturity of genotypes planted in the 

acid soil ranged from 53-73 days and 115-126 days, 
respectively [17]. In Nigeria, the range of days to flowering 
and days to maturity of genotypes in the acid soil was 39-65 
days and 73-94 days, respectively [18]. 

 In this study, three genotypes were found to have days to 
maturity of 77 days. This fact becomes important for soybean 
cultivation in Indonesia since the cropping index is one of the 
economic values of a food crop commodity. 

C. Plant Growth Characters 

Soybean seed yield is composed of several growth 
characters, such as plant height, number of branches, number 
of fertile nodes, number of filled pods, and number of empty 
pods. Interestingly, the performance of all growth characters 
in the acidic soil was higher than those in the wetland (Table 
2).  

Plant height plays an important role as the soybean 
tolerance indicator of acid soil [9]. In this study, the plant 
height of Anjasmoro (check cultivar) in the acidic, dry land 
and wetland was 68.33 cm and 78.83 cm, respectively. 
Meanwhile, the plant height of Demas 1 was 86.92 cm in the 
acidic dryland) and 63.92 cm in the wetland. Higher plant 
performance in the acidic dryland increases the number of 
branches, the number of nodes, and the number of filled pods, 
but this also increased the number of empty pods. The empty 
pods also could be caused by the pod pests’ infestation [19], 
[20]. 

 

TABLE II 
PLANT AGE AND PLANT GROWTH CHARACTERS OF 12 SOYBEAN GENOTYPES IN THE ACIDIC DRYLAND (PESAWARAN) AND WETLAND (BANYUWANGI). 

Genotipe 
Days to 

maturity (day) 
Days to 

flowering (day) 
Plant height (cm) Number of 

branches 
Number of 

fertile nodes 
Number of filled 

pods 
Number of empty 

pods 
LPG BWI LPG BWI LPG BWI LPG BWI LPG BWI LPG BWI LPG BWI 

G1 32 35 83 83 71.92 67.08 5.92 3.42 26.92 19.50 45.08 49.33 3.42 0.58 
G2 29 34 83 83 92.33 71.42 4.67 3.08 33.25 16.75 120.33 37.83 6.25 0.17 
G3 31 35 83 84 77.08 71.25 6.17 4.75 31.33 22.83 71.75 49.17 3.75 0.83 
G4 30 32 82 82 69.92 66.42 6.50 3.08 29.67 18.75 65.00 51.92 5.08 0.00 
G5 30 35 82 83 82.33 73.92 4.25 3.58 23.42 17.08 64.33 42.58 4.08 1.08 
G6 30 34 78 84 81.83 65.83 3.83 3.25 21.83 17.92 65.33 49.50 3.08 0.08 
G7 30 34 77 84 66.17 62.50 3.42 3.50 22.58 18.58 47.75 40.67 1.17 0.25 
G8 35 33 78 83 71.58 65.17 3.33 2.67 19.00 14.67 31.25 32.08 1.33 0.67 
G9 29 34 77 83 73.00 60.17 4.08 2.58 23.67 16.25 50.25 42.42 2.83 0.50 
G10 31 34 77 83 69.42 63.25 3.92 3.58 22.33 20.83 65.58 48.92 2.08 0.17 
G11 35 33 85 83 86.92 63.92 4.42 3.33 34.42 20.42 148.75 51.33 5.17 0.50 
G12 35 35 84 84 68.33 78.83 4.58 3.17 20.25 19.42 41.50 52.00 1.67 0.42 

Mean 31 34 80.75 83.25 75.90 67.48 4.59 3.33 26.92 19.50 68.08 45.65 3.33 0.44 
LPG = Lampung, BWI = Banyuwangi 
 
D. Seed Yield 

Seed yield resulted from the interaction between the plant 
growth characters in which the magnitude is affected by the 
genotype and environment, or it can be defined as genotype 
by environment interaction [21]–[23]. In this study, the 
character of yield was reflected by the two variables, namely 
100 seed weight and seed yield. The seed size, which was 
measured based on the 100 seed weight, showed a range of 
9.00-12.63 g (an average of 13.00 g/100 seeds) in the acidic 
dryland and 14.37 18.15 g (an average of 17.13 g/100 seeds) 
in the wetland. The seed size in the acidic dryland was smaller 
than in the wetland (Fig.2).  

The seed yield ranged from 1.73-2.85 t/ha (an average of 
2.12 t/ha) in the acidic, dry land and 2.95-3.59 t/ha (an average 
of 3.37 t/ha) in the wetland (Fig. 3). The performance of check 

cultivar Demas 1, which was designed to be adaptive to acid 
soils, was able to produce higher in Pesawaran. On the 
contrary, Anjasmoro was superior to Demas 1 in the wetland. 
The amount of yield reduction depends on the level of 
hydrogen ions [24], climatic conditions, and the genetic 
background of the cultivar [25].  

In this study, the seed yield in the acidic dryland was lower 
than in the wetland. Acidic soils are suggested as one of the 
most significant soil factors restricting crop production by 
inhibiting root growth and influencing the absorption of water 
and nutrients [26]. Al toxicity causes hindering plant growth 
and development due to the inhibition of root elongation led 
by the root apex's destroying cell structure [27]. A low pH 
may cause plant toxicity in a sensitive genotype leads to a 
significant yield loss [18]. 
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When the genotypes adaptation was classified based on 
seed yield, soybean genotypes could be divided into three 
groups. Group I consists of a genotype adaptive in the acidic 
dryland, SPL-186, with the yield in acidic soil was 2.85 t/ha. 
Group II consists of a genotype adaptive in the wetland, 
namely SPL-183, with the yield in the wetland was 3.59 t/ha. 
Finally, group III consists of genotypes adaptive in the acidic, 
dry land and the wetland (SPL-182 and SPL-181), as shown 
in Fig. 2 and 3. 

 

 
Fig. 2  100 seed weight of 12 genotypes in the acidic dryland and wetland 

 
The average yields of those genotypes in both types of land 

were 3.05 and 3.07 t/ha, respectively, suggesting that they are 
well adapted to those land types. The increase of soybean 
adaptation to acid soil was suggested to be controlled by 
GmALMT1, a gene that can produce malate exudation [28]. 

 

 
Fig. 3  Seed yield of 12 genotypes in the acidic dryland and wetland 

E. The classification of genotypes 

The classification of soybean genotypes in the acidic 
dryland and wetland is expected to understand the agronomic 
characteristics of each soybean genotype. The twelve 
genotypes were classified into 4 clusters with a high similarity 
level (Fig. 4, Fig. 5). In the acidic dryland, cluster I was 
characterized by genotypes with many pods but small sizes 
(G1 and G11). In cluster II, it was shown by a low number of 
filled and empty pods (G8 and G12). Cluster III, which 
contains four genotypes were characterized by high seed yield. 
The first subcluster (G7 and G10) were classified as high yield 
and large seed size. Meanwhile, the other subcluster (G6 and 
G9) have a high yield and early maturity. In cluster IV, which 
consists of two subclusters, i.e., G5 with many branches and 
tall plants, and other sub-cluster (G1, G3, and G4) have the 
characteristics of many branches (Table 3).  

TABLE III 
CLASSIFICATION OF 12 SOYBEAN GENOTYPES IN ACIDIC DRYLAND AND WETLAND 

Environment 
Cluster 

I II III IV 

Acidic 
dryland 

Member G2, G11 G8, G12 G7, G10 G5 

Description 
High pod number 

Small seeded 
A few numbers of pods A 

few numbers of empty pods 
High yield 

Large seeded 
High numbers of branches Higher 

plant 
Member 

  
G6, G9 G1, G3, G4 

Description 
High yield 

Early maturity 
High numbers of branches 

Wetland 

Member G3 G6, G12 G4, G11 G8, G9 

Description 
High number of 

nodes 
Small seeded 

High numbers 
of pods 

High yield A few numbers of 
nodes 

Member 
   

G5 
Description High yield Large seeded 

Member 
   

G2 

Description 
High yield A few numbers of 

branches 
Member 

   
G1, G7, G10 

Description High yield High number of nodes 
 
The genotype responses in the same soil types can differ 

due to different genetic backgrounds and environmental 
conditions. For example, similar to genotypes in cluster I (Fig. 
4.), a previous study in acid soil was also found genotypes 
with a large number of empty pods and small seed size [9]. 
However, plants that cannot adapt well to acid soil could 
result in a low number of filled and empty pods, as shown by 
genotypes in cluster II. These also affected their seed yield; as 
shown in Fig. 3, the G8 and G12 have relatively low yields.  

In cluster III, seed size, plant age, and high yield become 
the characteristic properties in acid soil. Genotypes in this 

cluster showed adaptability to acid soil due to their ability to 
produce a high yield. Other agronomical characteristics 
determine the seed yield, and the large seed size is one of the 
important characters supporting the yield. The decrease in 
maturity age was suggested due to the low soil moisture. Also, 
to escape the harsher conditions in this sub-optimal soil, the 
plant shortens its life cycle [29]. In cluster IV, a high number 
of branches and a high plant were the characteristic properties. 
A previous study showed that decreasing soil pH tends to 
increase plant height, followed by a high number of branches 
[5].  
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In the wetland, cluster I (G3) was characterized by a high 
number of nodes. A smaller seed size characterized the second 
cluster (G6 dan G12). Meanwhile, cluster III with two 
members (G4 and G11) was characterized by a high number 
of pods. Finally, cluster IV had four subclusters, i.e., 
genotypes with a high yield but a low number of nodes (G8 
and G9), genotypes with high yield and large seed size (G5), 
genotype with a high yield but a low number of branches (G2), 
and genotype with high yield and a high number of branches 
(G1, G7, and G10) (Table 3).  

A previous study also obtained the high number of nodes, 
smaller seed size, and many pods as the characteristic 
properties in the dry land [30]. The good adaptability to the 
wetland condition was shown by most of the genotypes in 
cluster IV, as shown by their high yield. In addition, the 
combination of high yield with large seed size or with a high 
number of branches can be served as yield supporting 
characters [31]. 

The G9 and G10 were suggested as adaptive genotypes in 
the acidic, dry land, and wetland based on their yield. Those 
genotypes have agronomic similarities with G6 and G7 in the 
acidic dryland. Meanwhile, in the wetland, those genotypes 
showed comparable similarity with the G8, G1, and G7. The 
similarity assessment of the F5 soybean population by 
Kuswantoro et al. [32] succeeded in identifying several 
soybean genotypes as a gene source for plant age, seed size, 
and high yield. A study showed that the number of branches 
and pods affects traits for high yield in soybean [33]. Borah et 

al. [34] revealed the candidate genes for plant height and the 
number of primary branches in soybean using genome-wide 
association studies (GWAS). Meanwhile, the approach 
through the seed quality, Adsul et al. [35] studied the 
inheritance of seed longevity as the yield determinant in 
soybean.  

In this study, identifying clustering patterns (Fig. 4 and Fig. 
5) can help recognize the adaptive genotypes for specific 
environments and thus support soybean yield improvement. 
In addition, this study also enables breeders to improve 
quantitative traits in the soybean varieties through 
hybridization in the breeding program. 

 
Fig. 4  Unrooted dendrogram based on the agronomic characteristics of 
soybeans in the acidic dryland.  
 

 
Fig. 5  Unrooted dendrogram based on the agronomic characteristics of 
soybeans in the wetland 

IV. CONCLUSION 

Soybean genotypes G9 (SPL-182) and G10 (SPL-181) 
maintained their high potential yield both in the acidic dryland 
and wetland, implying adaptable genotypes. Therefore, those 
genotypes were recommenced to be developed in acidic 
dryland as well as the wetland. 
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