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Abstract

Breeding materials should be evaluated under a number of different environments, to ensure their genetic value.
The objective of the research was to study the potential yield of soybean lines compared to the parent in two
environments. A total of 15 genotypes (including one Indonesian lowland popular variety, ‘Anjasmoro’) were
grown in Jambegede (Entisol-Inceptisol association) and Ngale (Vertisol) Research Stations in June-September
2011. The design was a randomized completely blocks design with three replications. The results showed that G
x E interaction highly affected the grain yield causing different rank for the genotypes in different environment.
Tgm/Anj-795 and Tgm/Anj-790 lines consistently yielded the highest grain in both environments. Tgm/Anj-790
also had large seed size. Tgm/Anj-789 and Tgm/Anj-796 consistently showed the earliest days to maturity in
both environments. ‘Anjasmoro’ had longer days to maturity but lower grain yield. Tgm/Anj-795 and
Tgm/Anj-790 lines had potentially high yield stability that need to be tested further in many different
environments to gain knowledge of their actual yield stability.
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1. Introduction

The main goal of growing crops is to maximize net profit through increasing grain yield (Alghamdi, 2004).
Hence, the primary goal of most soybean breeding programs is high grain yield (Toledo et al., 2000). To increase
soybean growth area and production, it is also important to develop the high-yielding early-maturing cultivars
under a wide range of different environments (Alghamdi, 2004). For sustainable agriculture, the use of stable
genotypes as a mean of high grain yield is very important (Carpenter & Board, 1997). In Indonesia the soybean
production always decreases due to the decresing planting area (Statistic Indonesia, 2013). Therefore, high grain
yield soybean variety is needed to maintain or increase soybean production.

In developing an improved variety, the genotype vs environment interaction (G x E) is of major importance
(Sharrifmoghaddassi & Omiditabrizi, 2010). Trait stability parameters are estimated to determine the superiority
of individual genotypes across the range of environments when the G x E is the present (Ulker et al., 2006); but
in the absence of information on G x E, estimation of heritability and prediction of genetic advance become
biased. Hence, breeding material should be evaluated under different environments (Duzdemir, 2011).
Information on G X E is very important in selecting and developing variety that will be recommended in a
certain area. The G x E occurs when variability relative or rank of a genotype change with the environment
change. The interaction of genotype and environment can also be described as the interplay between genetic and
environmental factors on the growth and development of plants (Cucolotto et al., 2007). Thus, a high-yielding
variety in an area does not necessarily have high yields in other areas and vice versa.

Yield stability of a plant in certain area will be different from other area and dependent on the environmental
conditions of its both abiotic and biotic environment. Comparatively, the abiotic/physical environmental
conditions such as soil type, rainfall, temperature, and humidity play a greater role on the stability of crop yields
than that of biotic environmental conditions; because abiotic environmental condition always exist in longterm
period than biotic condition. Beside, biotic condition, such as disease and pest infestation, is an incidental
condition. Therefore, plant breeders always test their promising lines in various environments, to determine the
yield stability of the candidate varieties to be released. Promising lines that were assessed stable in various
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environments are released as varieties for broad areas. Promising lines having the highest yield potential in a
particular area are classified as unstable lines, and can be recommended for narrow adaptation (Gurmu et al.,
2009).

Stability is defined as the ability of plants to maintain its yield potential under the changing of environmental
conditions, so the stability is dynamic in character and always changes based on a specific range of different
environments (Hidayat, 2002). From the agronomic point of view, stability follows the homeostatic processes of
living organisms in the short term to maintain productivity under environmental changes. In this sense, stability
is characterized by high sustainability and equitability (Conway, 1982). In this experiment, soybean lines were
tested in two different environments to study their potential yield compared to the Indonesian lowland popular
variety (‘Anjasmoro’).

2. Materials and Method

A total of 14 soybean (Glycine max (L.) Merrill) lines which derived of ‘Tanggamus’ and ‘Anjasmoro’ crossing,
and one of the parents (Indonesian lowland popular variety, ‘Anjasmoro’) were grown on lowland with
“Rice-Rice-Soybean” cropping pattern at Jambegede Research Station and Ngale Research Station from June to
September 2011. Crossing was conducted at Indonesian Legume and Tuber Crops Institute, Malang, in 2005 by
using ‘Tanggamus’ as female parent and ‘Anjasmoro’ as male parent. Jambegede Research Station is located on
Malang Regency, East Java Province, while Ngale Research Station is located on Ngawi Regency, East Java
Province. Soil type of Jambegede Research Station is Entisol-Inceptisol association, while Ngale Research
Station is Vertisol. Climate type of both environments is C3 according to Oldeman classification (Oldeman,
1975), where there are 5-6 wet months and 4-6 dry months. The altitude for Jambegede and Ngale Research
Station are 335 m and 168 m above sea level, respectively.

The design was a randomized complete blocks design with three replications. The plot size was 1.6 m x 3.0 m
with plant spacing of 0.4 m x 0.15 m, two plants per hill. Fertilization was done by applying 50 kg Urea, 75 kg
SP36, and 75 kg of KCI per hectare at sowing time. Weeding was conducted manually at 14 and 28 day after
planting (dap). Watering was conducted by technical irrigation. Pest control was intensively done by applying
insecticides with 5 days interval. Harvesting was carried out after the plant was physiologically matured, that
was shown by pods having turned to yellow/brown and the leaves fallen. Data were collected for 50% days to
flowering, days to maturity, plant height, number of branches per plant, number of pods per plant, 100 grains
weight, and grain yield per hectare.

3. Results and Discusion

Results showed that there were interactions between the genotypes and environment regarding the grain yield,
flowering and days to maturity, and number of branches (Table 1). Similar results were reported by Ashraf et al.
(2010) and Jandong et al. (2011). This indicates that there was a difference in the response of the lines tested
against the growth environment. Comparatively, there was no statistical siginificant G x E regarding plant height,
number of pods per plant, and weight of 100 grains, but significant differences among the tested genotypes were
acquired for three characters. This indicates that there existed diversity among the tested lines.

Table 1. Genetic x environment (G x E) analysis of soybean lines at Jambegede and Ngale Research Stations.
Dry season 2011

Source Degree of freedom  Flower Maturity ~ Height Branches Pod-f 100SW  Yield
Environments 1 405.34**  182.04**  1,418.22%* (.78 422.50 16.73 1.57
Genotypes 14 37.95%* 91.82%* 236.02%*  2.48%* 248.25%*% 11.51%*  (0.55%*
GxE 14 3.80%* 36.62%* 32.93 0.69%* 48.97 1.20 0.22%
Error 1 0.68 60.09 18.59 0.27 65.27 1.18 0.10
Coefficient of variation (%) 242 1.30 7.74 13.11 14.84 8.49 16.16

**Significant at 1%, *Significant at 5%, Flower = flowering indices, Maturity = maturity indices, Height = plant
height [cm], Branches = number of branches per plant, Pod-f = number of pods per plant, 100 GW = 100 grains
weight, Yield = yield per hectare.
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Tgm/Anj-790 line had the highest grain yield (2.53 t/ha) in Jambegede, whereas Tgm/Anj-795 line had the
highest grain yield (2.50 t/ha) at Ngale (Table 2). ‘Anjasmoro’ as control variety yielded much lower yield, in
Jambegede and Ngale i.e. 1.50 and 1.71 t/ha respectively, than either of those two best-yielding lines. Lines that
had lower grain than ‘Anjasmoro’ were Tgm/Anj-777, Tgm/Anj-789, Tgm/Anj-803 and Tgm/Anj-824 grown at
Jambegede (Table 2). At Ngale, no line had lower yield than ‘Anjasmoro’. Furthermore, Tgm/Anj-789 had low
grain yield (1.28 t/ha) at Jambegede, but at Ngale was quite high yield (2.13 t/ha) (Table 2). Average grain yield
of Ngale was higher than that of Jambegede, i.e. 2.09 and 1.83 t/ha respectively. It may be due to the varying
level of availability of the soil moisture, since at Ngale, the soil moisture was presumed higher than at
Jambegede. Indeed the soil type of Ngale is Vertisol, able to retain more water than soil type of Jambegede
(Entisol-Inceptisol association). On the other hand, the average grain yield obtained in this experiment was
higher than these in analogical studies in tropical areas (Aremu et al., 2006), but lower than in subtropical areas
(De Bruin & Pedersen, 2009; Pedersen & Lauer, 2004; Wilhelm & Wortmann, 2004).

Table 2. Grain yield of soybean lines at Jambegede and Ngale Research Stations. Dry season 2011

Yield [t/ha]
Genotypes

Jambegede Ngale
Tgm/Anj-743 2.25ad 2.17 a-f
Tgm/Anj-744 1.95 c-i 2.15 a-f
Tgm/Anj-764 2.01 b-i 2.19 a-f
Tgm/Anj-773 2.32 a-d 2.34 a-d
Tgm/Anj-777 1.22] 1.88 c-i
Tgm/Anj-778 221 a-e 1.96 c-i
Tgm/Anj-780 1.63 g-j 2.37 a-c
Tgm/Anj-789 1.28] 2.13 a-g
Tgm/Anj-790 2.53a 2.31ad
Tgm/Anj-795 224 a-d 2.50 ab
Tgm/Anj-796 2.07 a-h 1.84 d-i
Tgm/Anj-799 1.60 h-j 1.99 b-i
Tgm/Anj-803 1.31] 1.67 -
Tgm/Anj-824 1.29] 2.17 a-f
‘Anjasmoro’ 1.50 ij 1.71 e-j
LSD 5% 0.52

Values followed by the same letter were not significantly different at Least Significant Different (LSD) 5%.

Tgm/Anj-744 and Tgm/Anj-824 lines scored the longest days to flowering periods both at Jambegede and at
Ngale (Table 3). Line with the shortest days to flowering planted at Ngale was Tgm/Anj-789 (29 days). At
Jambegede, line with the shortest days to flowering was Tgm/Anj-795 (32 days). ‘Anjasmoro’ scored days to
flowering of 33 days and 31 days at Jambegede and Ngale, respectively. In general, days to flowering counts
scored for soybean lines grown at Jambegede were higher than for those grown at Ngale. In this study, days to
flowering values did not correlate with yield (data not shown), but in another study (Egli & Bruening, 2002) with
the time of flower development and pollination being possibly an important determinant of seed number.

Tgm/Anj-773 and Tgm/Anj-790 lines scored the highest values of days to maturity indices at Jambegede (Table
3). At Ngale, the tested lines had a generally relatively lower values of days to flowering indices, while
‘Anjasmoro’ had the highest value of day to maturity at this location (Table 3). Tgm/Anj-789 and Tgm/Anj-796
consistently showed the lowest value of days to maturity at both environments. Similar to days to flowering
indices’ value, the days to maturity indices of soybean lines grown at Jambegede scored higher than these at
Ngale. Variety ‘Anjasmoro’, with the highest value of days to maturity, did not give the highest yield. It might be
due to the higher use of photosyntates for vegetative growth for this higher scoring days to maturity indices. The
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higher vegetative growth may decrease grain yield because higher vegetative growth will affect leaf area index.
Similar result also showed by Mellendorf (2011) which reported that in higher plant density lead decreasing
grain yield.

The highest number of branches per plant was developed by Tgm/Anj-803 line grown at Jambegede, and
equivalent to Tgm/Anj-778 line grown at Ngale Research Station. At the same time, the lowest branches per
plant index was shown by ‘Anjasmoro’ in both locations, and equivalent to Tgm/Anj-780 at Jambegede and
Tgm/Anj-789 at Ngale (Table 4). The number of branches per plant was related to grain yield, similar to report
by Machikowa and Laosuwan (2011), who stated that number of branches per plant gives the highest positive
direct effect on grain yield per plant after number of pods per plant.

Table 3. Days to flowering and maturity of soybean lines at Jambegede and Ngale Research Stations. Dry season
2011

Days to flowering [days] Days to maturity [days]
Genotypes

Jambegede Ngale Jambegede Ngale
Tgm/Anj-743 38.6b 33.0gh 82.7 ab 78.7 g-i
Tgm/Anj-744 403 a 38.0 be 81.3 b-d 78.0 h-j
Tgm/Anj-764 38.0 be 34.0 fg 79.0 f-i 76.7 j
Tgm/Anj-773 35.0 ef 31.0 84.0a 79.3 e-h
Tgm/Anj-777 37.0 cd 31.0 i 80.7 c-f 76.7 j
Tgm/Anj-778 36.7 cd 30.0 jk 81.7 bc 79.3 e-h
Tgm/Anj-780 33.0gh 30.0 jk 81.0 b-e 79.3 e-h
Tgm/Anj-789 333 gh 29.0k 79.7 d-h 77.3 ij
Tgm/Anj-790 35.7de 31.0 i 83.7a 78.0 hij
Tgm/Anj-795 32.7 gh 30.0 jk 80.7 c-f 79.3 e-h
Tgm/Anj-796 35.7 de 32.0 hi 79.7 d-h 77.3 i
Tgm/Anj-799 37.3 bc 31.0j 81.7 be 78.0 h-j
Tgm/Anj-803 38.0 be 32.0 hi 80.7 c-f 79.3 e-h
Tgm/Anj-824 403 a 38.0 be 81.0 b-e 78.7 ghi
‘Anjasmoro’ 33.0 gh 31.0 4 81.3 b-d 80.0 c-g
LSD 5% 1.35 1.69

Values followed by the same letter were not significantly different at Least Significant Different (LSD) 5%.
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Table 4. Number of branches per plant of soybean lines at the Jambegede and the Ngale Research Stations. Dry
season 2011

Number of branches/plant

Genotypes

Jambegede Ngale
Tgm/Anj-743 3.63 g-m 4.77 a-d
Tgm/Anj-744 443 a-g 3.17 jn
Tgm/Anj-764 4.70 a-d 4.57 a-¢
Tgm/Anj-773 3.83 ek 3.67 f-m
Tegm/Anj-777 3.97 d-j 4.03 d-i
Tgm/Anj-778 4.03 d-i 5.13 ab
Tgm/Anj-780 2.97 I-n 3.73 el
Tgm/Anj-789 3.27 i-m 2.93 I-n
Tgm/Anj-790 3.77 e-l 4.30 b-g
Tgm/Anj-795 3.00 k-n 4.20 c-h
Tgm/Anj-796 3.60 g-m 3.37 h-m
Tgm/Anj-799 4.23 c-g 430 b-g
Tgm/Anj-803 523 a 4.90 a-c
Tgm/Anj-824 4.50 a-f 440 a-g
‘Anjasmoro’ 2.37n 2.87 mn
LSD 5% 0.84

Values followed by the same letter were not significantly different at Least Significant Different (LSD) 5%.

No G x E was found for plant height (Table 1). In Jambegede and Ngale the highest plant height was shown by
Tgm/Anj-744 (60.1 cm and 78.3 cm respectively). The shortest plant height was shown by Tgm/Anj-780 and
Tgm/Anj-789 in Jambegede and Tgm/Anj-789 in Ngale (Table 5). ‘Anjasmoro’ had the plant height slightly
below the average of the tested lines, i.e. 50 cm in Jambegede and 58.9 cm in Ngale. Plant height is important for
other agronomic traits, because it correlates with those agronomic traits such as number of branches per plant,
number of pods per plant, and grain yield of soybean (Kuswantoro et al., 2006). Moreover, Board (2002)
suggested a regression model to predict the high-yielding cultivars and correlated it with yield per plot based on
plant height, in addition to total dry matter at beginning seed (reproductive stage 5 - R5) and pod filling period.
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Table 5. Plant height of per plant of soybean lines at the Jambegede and the Ngale Research Stations. Dry season

2011
Plant height [cm]

Genotypes

Jambegede Ngale
Tgm/Anj-743 53.8 b-d 56.0 bd
Tgm/Anj-744 60.1 a 78.3 a
Tgm/Anj-764 55.8 a-d 60.1b
Tgm/Anj-773 45.5 ef 60.2b
Tgm/Anj-777 45.0 ef 56.7 b-d
Tgm/Anj-778 53.0cd 603 b
Tgm/Anj-780 40.0 f 51.1cd
Tgm/Anj-789 414 f 49.0d
Tgm/Anj-790 56.9 a-c 61.5b
Tgm/Anj-795 51.7cd 57.0b-d
Tgm/Anj-796 52.7cd 54.6 b-d
Tgm/Anj-799 59.5 ab 70.2 a
Tgm/Anj-803 54.9 ad 61.5b
Tgm/Anj-824 56.2 a-c 599b
‘Anjasmoro’ 50.0 de 58.9bc
LSD 5% 5.96 8.28

Values in the same column followed by the same letter were not significantly different at Least Significant
Different (LSD) 5%.

The highest number of pods per plant developed the Tgm/Anj-773, while the lowest the Tgm/Anj-789 (Table 6).
‘Anjasmoro’ also classified as genotype with the lowest number of pods after Tgm/Anj-790 (Table 6). Genetic
factors play a greater role in expression of these traits because there was no interaction with the environment
(Table 1). Inadequate supply of assimilates to flowers is a dominant factor in flower abortion (Yashima et al.,
2005), causing pod number reduction. Machikowa and Laosuwan (2011) reported that pods per plant count had
the highest positive direct effect on grain yield. The number of pods per plant was reported as largely dependent
on the number of floral buds that initiate pods (Desclaux et al., 2000). There was a significant correlation found
between the number of pods per plant and grain yield (Malik et al., 2011). Furthermore, number of pods per
plant was reported as having a positive direct effect on grain yield (Machikowa & Laosuwan, 2011; Sudaric &
Vrataric, 2002).

Grain size was expressed as the weight of 100 grains and presented in Table 6. The largest seed size was
achieved by Tgm/Anj-790, while the smallest seed size by Tgm/Anj-764. Environment markedly influences seed
size during the seed development period of growth (Table 1). At the seed development period, grain size
reduction caused by drought or other stresses can substantially reduce yield (Kuswantoro & Zen, 2013).
Nevertheles, several smaller-seeded soybean lines with high yields have been reported and vice versa, which
indicates that seed size does not directly correlate with yield potential (Klein et al., 2005). Some researchers
obtained different results with a significant correlation (Malik et al., 2011) and a genetic correlation (Arshad et al.
2006) was found between grain yield and 100 grains weight. Also, 100 grains weight had a positive direct effect
on grain yield (El-Badawy & Mehasen, 2012).
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Table 6. Average of number of filled pods per plant and 100 grain weight of soybean lines at the Jambegede and
the Ngale Research Stations. Dry season 2011

Genotypes Number of filled pods/plant ~ Grain weight [g/100 grains]
Tgm/Anj-743 62.62 ab 11.17 fg
Tgm/Anj-744 56.02 a-d 12.51 c-e
Tgm/Anj-764 54.17 b-e 10.58 g
Tgm/Anj-773 63.80 a 11.72 e-g
Tgm/Anj-777 50.52 c-e 13.71 be
Tgm/Anj-778 60.28 ab 11.84 d-f
Tgm/Anj-780 49.48 c-¢ 12.87 b-e
Tgm/Anj-789 45.10 e 13.02 b-d
Tgm/Anj-790 47.30 de 14.04 b
Tegm/Anj-795 49.15 c-e 13.34 be
Tgm/Anj-796 49.20 c-e 12.71 c-e
Tgm/Anj-799 62.60 ab 13.40 be
Tgm/Anj-803 60.88 ab 12.00 d-f
Tgm/Anj-824 57.38 a-c 12.57 c-e
‘Anjasmoro’ 48.30 c-e 1645 a
LSD 5% 9.34 1.26

Values in the same column and followed by the same letter were not significantly different at Least Significant
Different (LSD) 5%.

4. Conclusion

The grain yield was highly affected by G x E interaction. In the different environment, ranking of the genotypes
were also different. However, Tgm/Anj-795 and Tgm/Anj-790 lines consistently had the highest grain yield in
both locations. Tgm/Anj-790 high yield was defined by the large seed size. The G X E interaction also affected
other traits, such as days to flowering indices, days to maturity indices, and number of branches per plant.
Tgm/Anj-789 and Tgm/Anj-796 consistently showed the lowest values of days to maturity in both locations.
‘Anjasmoro’ had higher value of days to maturity but lower grain yield. Tgm/Anj-795 and Tgm/Anj-790 lines
had potentially high yield stability that need to be further tested in many different locations and seasons to know
the actual stability.
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