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Abstract

Aim: To understand the magnitude and pattern of genotype-environment interaction in vegetable type soybeans and to identify mega environment(s)
and best performing genotype(s) across environments.

Methodology: Five vegetable type soybean genotypes were - .
evaluated across five geographical locations viz., Indore, | Genotypes: Harasoya, NRC Evvitonmenteslucorsbathanl

. \ . . 105, MACS 1508, Karune e | Adilabad, Bengaluru and Pune
Parbhani, Adilabad, Bengaluru and Pune, during rainy | angHimso 1685

season of 2018. Genotypes were grown in a plot size of 1.35
x 3 m”in three replications in randomized block design. Data
on green pod yield, green seed test weight, days to 50%
flowering, days to maturity and plant height were recorded I Green pod yield
using standard methods. GGE biplot analysis was performed
using software “GGE Biplot version 7.0

E 2

Results: In the present investigation, except in case of green
seed test weight, in remaining four traits, major portion of
variation was contributed by location (52.95-79.4%] followed
by genotype (17.7-42.7%) and genotype x location interaction
(2.21-4.29%). Through GGE biplot analysis, Bengaluru was
found to be near ideal environment and genotypes Karune

and Harasoya were found to be the best performers across {—A—\

the locations with respect to green pod yield.

GGE biplot
analysis

. . Genotypes, Karune and Harasoya were found Bengaluru was found to be near ideal
Intgrpretatlon: Bengaluru was found to be near @eal o be best performers across the locations and B e I T e
environment for vegetable type soybean evaluation. | can be used as parents for future vegetable for wider adaptability

Selection for genotypes having wider adaptability can be | Soybean breeding programs
conducted at this location. Genotypes Karune and

Harasoya were found to be the best performers with respect to green pod yield. These two genotypes can be included as parents for breeding as
vegetable type soybean.
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Introduction

Soybean (Glycine max, L.) is the leading oil seed crop in
the world. It is a short day crop grown under rainfed conditions in
India. Vegetable soybean is a food grade soybean type with
pleasant flavor and bold-seeded, harvested at R6-R7 growth
stage when pods are green and seeds are immature (Zhang et al.,
2010). It is a potential source of nutraceuticals, essential amino
acids and isoflavones that promote human health. (Velasquez
and Bhathena, 2007; Li et al., 2012; Lee et al., 2017). Itis the only
vegetable food source for all the essential amino acids and serves
as a potential replacement for animal protein diet (Singh et al.,
2019a). Net protein utilization value (NPU) is highest in cooked
vegetable soybean as compared to soy-products and it contains
60% more calcium and twice the levels of phosphorus and
potassium as compared to green peas Keatinge et al. (2011)
reported that vegetable soybean produces highest crop protein
yield per unit area and intake of 25 g of soy protein per day may
minimise the risk of even heart disease (Fukushima, 2001).
Reports say that 91% of vegetarians in India suffer from Protein-
energy Malnutrition (PEM) (Kulavoor et al, 2019). PEM has
become one of the major health disorder in children, affecting their
health, intellect, scholastic achievements, productivity and earning
ability (Patidar and Jain, 2019). Therefore, large scale adoption and
consumption of vegetable soybean can fight nutrient deficiency
prevalentin Indian diet (Talukdar and Shivakumar, 2016).

Breeding for improved vegetable soybean and its
sustainable production are the thrust areas in combating
malnutrition and in achieving nutritional security. Hybridization
and selection are the basic principles of plant breeding. Breeding
for vegetable soybean was modest till recent past. At Indian
Council of Agricultural Research- Indian Institute of Soybean
Research (ICAR-IISR), Indore, we have initialized a separate
vegetable soybean breeding program through All India
Coordinated Research Project (AICRP) on Soybean. During
2018, five vegetable soybean genotypes were evaluated for
different agronomic traits at five geographical locations. Multi
environmental (years and locations) plant varietal trials are
usually conducted to study differential performance of genotypes
under different environmental conditions (Yan and Tinker, 2006).
However, data generated from it has rarely been utilized to their
fullest capacity. Furthermore, genotype evaluation is based on
only genotype main effect (G) treating genotype x environment
interaction (GE) as a noise or confounding factor (Yan and Tinker,
2006). ltmay be keptin mind that while evaluating genotypes both
G and GE must be taken into consideration (Yan and Tinker,
2006; Sabaghnia et al, 2008). Among different methods
employed in understanding GE, GGE biplot analysis is most
effective (Yan, 2002 Dias et al., 2003 and Ma et al., 2004).

GGE biplot analysis is being exploited in different crops
such as soybean (Yan and Rajcan, 2002; Bhartiya et al., 2018),
mungbean (Jeberson et al., 2019), rice (Samonte et al., 2005),
wheat (Kaya et al., 2006; Singh et al., 2019b), barley (Dehgani et
al., 2006), lentil (Sabaghnia et al., 2008), sorghum (Rakshit et al.,
2012) in multi-environmental trials. Although, Chen et al. (2007)

studied stability analysis in vegetable soybeans using AMMI
model, to our knowledge, current study is the first attempt of study
GE patterns in vegetable soybean using GGE biplot analysis. As
a case study, current study utilized AICRPS data of five vegetable
soybean genotypes at five test locations for genotypic and
environmental evaluation through GGE biplot analysis. In view of
the above, this study was carried out to investigate the genotype
by environment interactions, to identify ideal and mega
environments and ideal genotypes for their further utilization in
vegetable soybean breeding programs.

Materials and Methods

Asub set of data from vegetable trial of AICRPS program
was used for the current study. During rainy season 2018, five
vegetable type soybean genotypes were evaluated in three
replications across five locations viz., Indore (E1), Parbhani (E2),
Adilabad (E3), Bengaluru (E4) and Pune (E5). Details of
genotypes used in this study are presented in Table 1. At each
location, trial was carried out in randomized block design in a plot
of size 1.35 x 3 m”. Standard crop management practices (ICAR,
2009) have been followed across all the locations. Data on days
to 50% flowering, days to maturity and plant height were recorded
using standard methods (IBPGR, 1984).

Green pod vyield and green seed test weight were
recorded at R, stage (Fehr et al., 1971). Green pods from each
plot were harvested and weighed using electronic balance. A
random sample of hundred green seeds from each plot was
weighed using analytical digital lab balance. Green pod yield per
plot (kg/4.05 m”) was converted to green pod yield per hectare (kg
ha”). Analysis of variance was done using R package ‘dplyr’
(Wickham et al, 2019). Further analyses were done using
software “GGE Biplot version 7.0” (Yan et al., 2000). Data
interpretation was done by following Yan and Tinker (2006).

Results and Discussion

Analysis of variation (ANOVA) was carried out for five
agronomic traits under consideration in five genotypes trialed at
five test locations. It indicated that except for green seed
weight, all other traits under study exhibited significant
genotypic (G), environment (E) and genotype x environment
interaction (GE) effects (Table 2). For green seed weight only
genotype x environment interaction was significant. Relative
contribution of each source of variation (G, E and GE) to total
variation (G+E+GE) is presentedin Table 2.

Usually in multi-environmental trials, major portion of
variation is explained by environment (Gauch and Zobel, 1997;
Kaya et al., 2006 and Dehghani et al., 2006). Likewise, in the
present study, except for the trait green seed test weight,
remaining four traits showed variation largely due to location
effects (E), followed by genotypic effects (G) and genotype x
environment interaction effects (GE). For days to flowering, E
explained 52.95% of total variation followed by G (42.76%) and
GE (4.29%). In case of days to maturity, 79.48% of total
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Table 1: Pedigree details of genotypes

Genotype Code Pedigree

Harasoya G1 Himso 1520 X Bragg

NRC 105 G2 GC99009-25-9-13GC95024-2-1x R75
MACS 1508 G3 Himso 1563 x NRC 67

Karune G4 Selection from GC00209-4-1-1

Himso 1685 G5 Himso 330 x Hardee

variation was explained by E followed by G (17.70%) and GE
(2.81%). Proportions of variation explained by G, E and GE
were 34.67%, 63.12% and 2.21%, respectively, in case of plant
height. For green pod yield, E attributed to 77.44% of variation,
followed by G (19.49%) and GE (3.08%).

Similar trend was observed by Putto et al. (2008) while
analyzing the yield in 17 peanut genotypes across 130 locations
over 17 years. Rakshit et al. (2012) also reported major
contribution of location followed by genotype and genotype x
interaction to the total variation in sorghum for the traits fodder
yield, days to 50% flowering and harvest index. In case of
soybean, Bhartiya et al. (2018) reported similar trend for grain
yield, days to 50% flowering and days to maturity. In the present
study, on contrary to the trend in other traits, in case of green seed
test weight, variation was largely explained by G (90.38%),
followed by E (8.10%) and GE (3.08%). Similar by, Bhartiya et al.

(2018) for 100 seed weight in soybean. This may be due to the
effect of major QTLs governing seed weight confounded by
maternal effects (Zhang et al, 2009 and Han et al., 2012).
Genotype wise means for different traits under consideration are
presented in the (Table 3). Since green pod yield is important trait
for vegetable soybean, further analyses and interpretations were
done only for this trait. Graphical visualization genotypic mean
performance and stability of green pod yield was done through
GGE biplots. First two principal components explained 95% of the
total variation for green pod yield. Fig. 1a-e are the environment-
vector view of environment centered (centering=2) and
environment metric (SVP=2) biplots. Fig. 1a explains the
relationship among the test locations. Correlation between two
environments is indicated by an acute angle between their
environmental vectors. In current study, no obtuse or right angle
between any of the two environment vectors has been observed
and all the environments are correlated to each other.

However, the magnitude of correlations among the
environments varied as represented through the cosine angle
between them. E5 (Pune) is relatively less correlated with E3
(Adilabad) followed by E1 (Indore). Positive correlation among
test locations indicated that same conclusions on genotype
evaluation can be drawn from fewer locations resulting in
reduction in cost and man power (Yan and Tinker, 2006). These
results have to be validated across the years to reach out for a
sub set of test locations for genotype evaluation without
significant information loss. Discriminating ability of an

Table 2: ANOVA and percentage variation (G+E+GE) as explained by Genotype (G), Environment (E) and Genotype x Environment (GE) interaction for

differentagronomic traits

Trait G E GE

Days to Flowering MS 17454 216.067* 17.525***
Proportion of G+E+GE(%) 42.76 52.95 4.29

Days to Maturity MS 215.9"* 969.43*** 34.33**
Proportion of G+E+GE(%) 17.70 79.48 2.81

Plant Height (cm) MS 1043.44*** 1899.71*** 66.66**
Proportion of G+E+GE(%) 34.67 63.12 2.21

Green Seed Wight (g) MS 6769.2 607 113.2**
Proportion of G+E+GE (%) 90.38 8.10 1.51

Green Pod Yield (Kg ha”) MS 42275954 168001927+ 6673582***
Proportion of G+E+GE(%) 19.49 77.44 3.08

Table 3: Genotype wise means for different agronomic traits across locations.

Genotype Days to flowering Days to maturity Plant height (cm) Green seed test Green pod yield
weight (g) (kg ha")
Harasoya 32.33 (1.94) 91.53 (7.94) 42.76 (11.19) 35.97 (7.26) 7950.93 (3106.04)
NRC 105 30.46 (2.94) 86.13 (6.43) 28.8(9.31) 73.54 (9.80) 4501.67 (3550.35)
MACS 1508 36.73 (5.10) 92.8 (8.45) 45.94 (10.50) 27.22 (5.38) 7176.05 (3981.55)
Karune 30.93 (3.78) 87.93 (10.90) 43.41 (11.65) 72.37 (6.92) 9047.1 (2764.20)
Himso 1685 37.86 (7.20) 95.6 (8.61) 51.32 (17.17) 43.93 (11.28) 7326.68 (4376.30)

Figures in parentheses are standard deviations
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Fig. 1: Environment view of GGE biplot analysis: a: Relationship among the test locations; b: Discriminativeness vs representativeness of test
environments; ¢: Ranking of environments relative to an ideal test location (represented by the centre of the concentric circles); d: ranking of genotypes
based on their performance in the near ideal environment E4 (Bengaluru); e: ranking of environments based on performance of best performing

genotype, G4 (Karune).

environment is proportional to the length of respective
environmental vector. In the present study, vector length of E4
(Bengaluru) was highest among the five. Therefore, E4 was the
most discriminating environment followed by E3 (Adilabad), E5
(Pune), E2 (Parbhani) and E1 (Indore). Fig. 1b is the same
biplot as of Fig. 1a except for the presence of Average-
Environment Axis (AEA). Asmall circle at the end of the arrow of
AEA represents the average environment. Environment vector
with least deviation from AEA is considered to be most
representative of other test locations. Therefore, E4

(Bengaluru) is the most representative whereas, E3 (Adilabad)
and E5 (Pune) are the least representative. Locations E3
(Adilabad) and E5 (Pune) are discriminative but non-
representative. Such locations can be used for selecting
genotypes having specific adaptability.

Breeding for wider adaptability requires selections sites,
which are both discriminating and representative. In current
study, E4 (Bengaluru) was found to be both discriminating and
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Fig. 2: Genotype view of GGE biplot analysis: (a) ranking of genotypes based on mean and stability; (b) ranking of genotypes relative to ideal genotype
(centre of the concentric circles) and (c) Which-won-where analysis of genotypes.

representative and regarded best for selecting genotypes having
wider adaptability. Centre of the concentric circles in Fig. 1c
represents ideal environment for breeding wider adaptable
genotypes. Environment vector closest to this point was assumed
to be nearideal environment. In the present study, E4 (Bengaluru)
was nearer to the ideal environment selecting for wider adaptable
genotypes. Similarly, using GGE biplot analysis, ideal
environments have been identified in wheat (Mohammadi et al.,
2010), sorghum (Rakshit et al., 2012, Gasura et al., 2015) and
rice (Donoso-Nanculao et al., 2015). Fig. 1d depicts ranking of
genotypes based on their performance in the near ideal
environment E4 (Bengaluru). Genotypes G2 (NRC 105) and G3
(MACS 1508) had lower yield than the average whereas,
genotypes G1 (Harasoya), G4 (Karune), and G5 (Himso 1685)
had higher yield than the average. The highest yielder at E4
(Bengaluru) was G4 (Karune), while the lowest was G2. (NRC
105). To evaluate genotypes based on mean performance and
stability across the test locations, average environment
coordination (AEC) view of the environment-centered
(centering=2) and genotype-metric (SVP=1) GGE biplot was
employed (Fig. 2a). This biplot showed AEC abscissa, a single

arrowed line pointing towards higher mean vyield across test
locations, AEC ordinate, a double arrowed line pointing towards
poorer stability in either direction. Fig. 2a, revealed that G4
(Karune) and G1 (Harasoya) were the best performing genotypes
in terms of green pod vyield, followed by G5 (Himso 1685).
Genotypes G2 (NRC 105) and G3 (MACS 1508) were found to be
poor green pod yielders. On contrary to its poor yield potential, G2
was highly stable among the five genotypes. Though there was not
much difference in stability among the remaining four genotypes,
G1 (Harasoya) was relatively more stable among the four, followed
by G5 (Himso 1685), G3 (MACS 1508) and G4 (Karune). Fig. 2b
depicts ranking of genotypes relative to ideal genotypes.

A genotype with higher mean performance and stability
across the test locations is said to be an ideal genotype. Centre of
the concentric circles define ideal genotype; genotype more close
to this point is regarded as near ideal genotype. In this study,
genotype G4 (Karune) was more closer to the center, followed by
G1 (Harasoya) and G5 (Himso 1685). Therefore, Karune may be
regarded more close to ideal genotype. Similarly, using GGE
biplot analysis, ideal genotypes have been identified in crops
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such as sorghum (Rakshit et al, 2012) and rice (Donoso-
Nanculao et al., 2015). Mean green pod yield of Karune across
the locations was highest among the five genotypes, followed by
Harasoya (Table 3). Fig. 1e represents ranking of environments
based on performance of best performing genotype, G4
(Karune). It showed that G4 (Karune) had performed higher than
average at all the locations. To identify which genotype performed
best at which environment or set of environments and to
differentiate test locations into mega environments, which-won-
where feature of GGE biplot has been employed (Fig. 2c).
Genotypes at each vertex of triangle are the best at
corresponding environments. Perpendicular lines drawn from the
biplot origin are the equality lines that differentiate test locations
into different mega environments. Testing one or two
representative locations within a mega environment can draw
similar conclusions as that of testing at each location within a
mega environment. This reduces the cost and resources for
evaluation (Rakshit et al, 2012). In the current study, five
locations were categorized into two mega environments.

One with location E5 (Pune) with G5 (Himso 1685) as
best performing genotype and the other mega environment
comprising of locations E1, E2, E3 and E4 with G4 as best
performing genotype. However, consistency of this mega-
environment pattern has to be validated across years as done in
case of wheat (Yan et al., 2000), groundnut (Putto et al., 2008)
and pearl millet (Gupta et al., 2013). In the current study, an
attempt was made to understand genotype by environment
interaction pattern for green pod yield of vegetable soybean.
Through GGE biplot analysis, it was found that Bengaluru can
be regarded as near ideal environment for vegetable type
soybean evaluation. Selection for genotypes having wider
adaptability can be done at this location. Genotypes Karune
and Harasoya were found to be the best performers with
respect to green pod yield. These two genotypes can be
included as parents for breeding for vegetable type soybean.
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