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Abstract

Genotype by environment interaction (GEI) is crucial for selecting high performing and adapted genotypes for targeted breeding.
The main goal of this study was to study genotype-by-environment interaction and stability of eight elite mung bean (Vigna radiate
L.) genotypes (DTGO1-DTGO8) with a national check DX208 which laid out in RCBD with 3 replications across three locations (Ha Noi,
Phu Tho, Thanh Hoa) in three crop seasons (summer 2018, summer 2019, spring 2019) at Vietnam. The analysis of variance showed
that genotype, location, environment, and interaction between GxL were significant for grain yield. The seed yields of all varieties
were significantly higher than those of the control variety (please check). Among these, DTGO5 and DTGO6 exhibited the highest
yields, approximately 1.77 tons/ha and 1.89 tons/ha, respectively. AMMI model showed that DTGO5 exhibited the best
performance in the summer season, especially at Thanh Hoa, and Ha Noi. Thus, DTO5 could have commercial potential for mung

bean production in Northern and North Central Vietnam
Keywords: GxE interaction, GGE, AMMI, BLUP, mung bean.
Introduction

Mung bean (Vigna radiate L.) is one of the widely adapted,
stress-tolerant, and nutritious grain legumes. It is an
economical source of protein (24 - 26%), carbohydrate (51%),
minerals (4%), and vitamins (3%) especially in Vietnam, other
Asian countries and Africa (Karthikeyan et al., 2014; Hou et al.,
2019). In combination with cereals and other grain legumes, it
is a valuable component of cropping systems in many areas,
with its ability to fix nitrogen and reduce soil erosion. The crop
is grown on more than six million hectares in tropics and
subtropics of Africa, Asia, Australia, and America (Nair et al.,
2013). Grain yield is one of the complex quantitative traits,
which has high environmental interaction. Hence, it is essential
to carry out selection based on yield stability evaluation than
average performance in multiple environmental
conditions(Baraki et al., 2020; Samyuktha et al., 2020).

Mung beans are primarily cultivated in semiarid to sub-humid
lowland tropics and subtropics with an annual rainfall ranging
from 600 to 900 mm, and at elevations not exceeding 2,000
meters. This warm-season crop thrives within a mean
temperature range of approximately 20°C to 40°C, but is
susceptible to low temperatures and can be killed by frost
(Baraki et al., 2020). The goal of most plant breeders is to
enhance the quality and/or quantity of the crops, ensuring

better adaptability and stability across diverse growing
environments.

Grain yield is a complex trait and is genetically governed by
many quantitative genes with small additive effects. Hence,
the expression of this is generally affected by genotype,
environment, and genotypexenvironment interaction (GEl).
Understanding the GEl pattern among test entries in multi-
environment trials (METSs) is very crucial for plant breeders, as
it complicates the selection of promising genotypes by
declining the association between genotypic and phenotypic
values (Pour-Aboughadareh et al., 2022). GEl is a major
obstacle for the crop to attain full genetic gain (Nehe et al.,
2019). Thus, plant breeding programs focus on increasing crop
yield in a particular targeted macro environment or a wide
range of growing conditions. GEI information in mung bean is
critical required for identify the best cultivation methods, and
select suitable variety for commercialization (Xavier et al.,
2018)

The objectives of this research were to study the effect of G x
E interaction toward the variation in grain yield across the
Northern and North Central Vietnam amongst eight mung
bean genotypes and to identify the best mung bean genotypes
suitable for across environments and for a particular
environment, based on grain yield.
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Table 1. Mungbean genotypes used in this study.

Variety Predigree

DTGO1 D15-1-4 (BX044 x CB2)

DTGO02 D15-1-6 (BX044 x CB2)

DTGO03 MY3-2-3 (V123 x CB6)

DTG04 MY1-5-5-7 (V123 x CB6)

DTGO5 D15-9-0-2 (bX044 x CB6)

DTGO6 MY2-5-8 (DX044 x AMS8)

DTGO7 MY2-6-8-9 (V99-3 x AM4)

DTG08 D15-4-6-5 (BX044 x AM8)

DX208 Check (popular mung bean cultivar in Vietnam)

Table 2. Mean and ANOVA analysis for measured traits.

Plant height Primary 1000 seed Seed yield
(cm) branches Pods per plant Seeds per pod weight (g) (tons/ha)
Genotype (G)
DTGO1 75.49 b 1.37 C 17.48 b 11.27 bcd 60.06 e 1.76 b
DTGO02 73.83 cd 1.17 e 17.09 bc 11.14 cde 60.71 de 1.77 b
DTGO3 74.18 bcd 1.13 e 14.99 d 11.63 a 61.64 b 1.71 c
DTGO04 77.14 a 1.29 d 15.31 d 11.05 de 60.80 cde 1.72 c
DTGO5 72.74 de 1.49 b 18.27 a 11.52 ab 64.19 a 1.89 a
DTGO6 71.92 e 1.89 a 16.52 c 11.37 abcd 61.60 bc 1.77 b
DTGO7 74.41 bc 1.11 e 15.46 d 11.61 ab 61.29 bcd 1.71 c
DTGO08 74.76 bc 1.28 d 15.23 d 11.49 abc 59.19 f 1.64 d
DX208 70.26 f 1.36 [ 15.46 d 10.83 e 54.27 g 1.51 e
Season (S)

Spring 19 64.69 C 1.27 B 13.68 C 10.70 C 58.85 C 1.62 A
Summer 18 74.54 B 1.30 B 15.73 B 11.34 B 60.72 B 1.70 B
Summer 19 82.35 A 1.46 A 19.19 A 11.93 A 61.69 A 1.85 C

Location (L)
Ha Noi 71.10 a 1.39 a 16.13 B 10.99 B 60.01 B 1.73 a
Phu Tho 73.88 B 1.25 B 15.59 v 11.41 a 60.70 a 1.70 y
Thanh Hoa 76.60 " 1.39 a 16.88 a 11.57 a 60.55 a 1.74 a
G k% L * %k * %k k% %k
S k% %%k * %k % %k k¥ % %k
L k% %%k * %k * %k * % %k
GXS k% L * %k * %k k% %k
GXL k% L * * %k k% %k
SXL k% L * %k * %k k% %k
GXSXL ns k% * %k ns k¥ % %k

Note: Values followed by the same letter in each treatment column are not significantly different at the 5% level by Fisher’s LSD test. *
and ** are significantly different at 0.05, 0.01 and 0.001 probabality, respectively. and “ns” is not significant.

Results

Yield components and mung bean grain yield by
environments and genotypes

The combined analysis of variance for mungbean genotypes
(G) evaluated in three locations (L) across three seasons (S) is
presented in Table 2. There was highly significant variation (p <
0.01) in plant height, primary branches, pods per plant, seeds
per pod, 1000-seed weight, and seed yield among the
genotypes (G), environments (S, L, S x L), and genotype-by-
environment interactions (G x S, G x L, and G x S x L), except for
SLG in 1000-grain weight (Table 2). These significant variations
in the main effects and their interactions indicate that the
ranking of genotypes changes from one environment to
another, confirming the absence of a stable genotype across
all environments and the presence of a significant genotype-
by-environment interaction in this experiment.

Mung bean yield is a complex traits and highy responsed to
enviroment condition. In this study, significant interaction of
GxSxL in grain yield and yield related traits of mung bean

genotypes were reported. Overall, mean yield performance of
newly developed mung bean varieties showed significant
higher than check DX208 (Figure 2). Thus, it confirmed the
novelty of breeding methodology and breeding potential of
Vietnam mungbean breeders. Among them, DTGO5 had
highest seed yield and significantly higher than check variety
DX208. Seed yield peformance of all varieties in summer
season significantly higher than spring season.

Analysis of GEI using various models for mung bean grain
yield

Analyzing multi-environment trials using AMMI model

In this study, AMMI showed great visualization of seed yield
performance of mungbean varities under diference season and
location (Figure 3). DTGO5 had highest yield in Summer season
in both three locations.

Analyzing multi-environment trials using GGE biplot Model

In this biplot, the visualization of the mean and stability of
genotypes is achieved by drawing an average environment
coordinate (AEC) on the genotype-focused biplot. First, an
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Fig 3. The mean value of seed yield of mung bean genotypes at three locations across three crop seasons

average environment, represented by the small circle, is
defined by the mean PC1 and PC2 scores of the environments.
The line that passes through the biplot origin and the AEC may
be called the average. Ranking genotypes view of GGE biplots
for grain yield of mungbean showed that DTG5 was found to
be the most stable and productive variety (Figure 4).

Analyzing multi-environment trials using BLUP

The BLUP analysis predicted means for munbean genotypes on
seed yield across season and envirionment. The result showed
that DTGO5, DTG02, DTGO6, DTGO1 achieved higher than
DTGO03, DRGO7, DTGO8 and check variety DX208 (Figure 5).
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Fig 5. GGE biplot for Mean performance vs. stability on a genotype x environment yield data in three location.

Multi-trait stability index (MTSI)

In this study, multi-trait stability index was used to select the
best performance genotype across the multi environment. The
result showed that DTGO5 have lowest MSTI value, thus
considered as the elite vareity for promote the mungbean
production in the North of Vietnam (Figure 6).

Discussion

Yield is a complex quantitative characteristic controlled by
multiple genes, environment, and genotypexenvironment (GE)
interactions (Islam et al.,, 2021). A genotype/variety is
considered more adaptive and stable if it consistently yields
high means with low fluctuations when grown in diverse
environments (Kulsum et al. 2012). Thus, GEl is a challenging
aspect for plant breeders and plays a crucial role in developing
new varieties (Akhtar et al., 2010). Evaluating crop
performance across different environments is the important
work for selecting high-yielding and stable genotypes (Yang et
al., 2001). In this study, our data indicated that differences in
grain yield and components between mungbean cultivars in
each region are caused by both the aforementioned climate
variables and the edaphic factors. The findings of stable
genotypes might be helpful for both breeders and farmers to
choose appropriate genotypes for sustainable mung bean
production.

More specifically, the genotype ranking changed from
environment to environment, confirming the lack of a stable
genotype across all environments and the presence of a
substantial genotype by environment interaction (Baye et al.
2010). This phenomenon was confirmed as reported in the
previous studies in mung bean plant (Pathak et al., 1990;
Asfaw et al., 2012; Akhtar et al. 2010; Baraki et al., 2020). For
example, a highly significant variation (p < 0.01) of mung bean
grain yield among the G, E and G x E interaction has been
recorded (Baraki et al., 2020). The considerable GEI in grain
yield of six mung bean genotypes, including SML-668, Black
bean, Bored, Local Gofa, SML-32 and Local 2-Sheraro tested in
diverse locations (Asfaw et al.,, 2012). Taken together, our
comparison indicated that cross over GEl is particularly
common when genotypes are investigated in multi-location
yield experiments.

Next, the expressed traits of a plant's genotype may manifest
differently dependent on the environment in which it is
situated. This GEI has significant implications in the realm of
plant breeding, as it determines the potential adaptability and
stability of plant varieties across disparate environments
(Asfaw et al., 2012; Baraki et al., 2020). In this study, DTGO5
has been regarded as the ideal genotype with significantly
higher grain yield and relatively good stability. Evaluation of
the characteristics of each cultivars by environments and
genotypes could be an useful approach to assess their stability.
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Materials and methods

Plant material

The plant materials consist of eight recently developed mung
bean genotypes designated as DTG01, DTG02, DTG03, DTGO04,
DTGOS5, DTGO6, DTGO7, and DTGO8, alongside a national check
variety, DX208 (Table 1 and Figure 1). These genotypes inherited
and selected from the research results of the project "Selection of
high-yield and uniform-maturity mung bean varieties for the
provinces in Northern Vietnam".

Experiment design

The field experiments were carried out in the summer season
2018, 2019, and spring season 2019 in Hanoi city, Thanh Hoa
and Phu Tho provinces (Figure 2). The experiment was
arranged in a randomized complete block design with 3
replications. The experimental plot area is 10 m? (4m x 2.5m)
with planting density 25 plants/mz, and planting spacing 40 x
10 cm. Fertilizer application per hectare included 1 ton of
organic fertilizer + 400 kg of lime powder + 40 kg of N + 60 kg
of P,Os + 60 kg of K,0 kg according to Vietnam National
technical regulations on Testing the Value of Cultivation and
Used of mung bean varieties (QCVN 01-62:2011/BNNPTNT).

Data collection

Phenotypic traits collection according to Vietnam National
technical regulations on Testing the Value of Cultivation and
Used of mung bean varieties (QCVN 01-62:2011/BNNPTNT).

Statistical analysis

Data collection from this study was handle by Microsoft Excel
and analyzed by ANOVA in Statistix ver. 10. Multi-trait stability
index (MTSI) proposed by Olivoto et al. (2019) to select the
best performance genotype across the multi environment.
AMMI, GGE, and BLUP models were computed by “metan”
package in R 4.1.1 (R Development Core Team, 2022).

Conclusion

This study found that significant interaction of GxSxL in grain
yield and yield related traits of mung bean genotypes were
reported and were consistented with previous mung bean
study. Overall, mean yield performance of newly developed
mung bean varieties showed significant higher than check
DX208 might due to the breeding menthodology improvement
of Vietnamese breeders. AMMI, GGE biplot and MSTl indicated
DTGOS5 variety showed seed yield best performance in all three
location across three seasons, thus have comercial potential.
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