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ABSTRACT

The experimens were carried out under four seasons with 9 rice genotypes at Regional Agricultural
Research Station, Warangal, Telangana State, India during kharif season (July to November) 2019
(E1), rabi season (December to April) 2019-20 (E2), kharif season (July to November) 2020 (E3)
and rabi season (December to April) 2020-21 (E4). The objective of the study was to assess the
stability and adaptability of 9 rice genotypes over four seasons. Analysis of variance clearly showed
that environments contributed the highest (69.66%) in the total sum of squares followed by
genotypesxenvironments (12.66%) indicating a very greater role played by environments and their
interactions in realizing final grain yield. AMMI 1 analysis revealed that rice genotypes viz., G4

*Corresponding author: E-mail: chandragene@gmail.com;



Chandra et al.; IJECC, 12(11): 3146-3157, 2022; Article no.lIJECC.92732

(WGL 1367), G3 (WGL 1362), and G6 (WGL 1370) recorded higher mean grain yield with positive
IPCAL scores. AMMI 2 revealed that the genotypes, G6 (WGL 1370) and G3 (WGL 1362) were
plotted near to zero IPCA1 axis indicating that these genotypes are relatively more stable across
locations. GGE bi-plot genotype view depicts that the genotypes G4 (WGL 1367) and G3 (WGL
1362) were fell in the second concentric circle and found to be more stable across environments.
GGE bi-plot environment view showed that rabi season of 2020-21 (E4) was the most ideal
environment. However, rabi season of 2019-20 (E2) and kharif season 2020 (E3) were poor and
most discriminating. What-won-where biplot indicated that four environments fell into two mega
environments. Hence the genotype G4 (WGL 1367) was the winning genotype in the mega
environment 1 viz., rabi season of 2019-20 (E2), rabi season of 2020-21 (E4) and kharif season of
2019 (E1). Whereas the genotype G9 (KNM 118) was the winner in the mega environment 2 i.e.,

Kharif, season of 2020 (E3).

Keywords: G x E interaction; AMMI; GGE-biplot; polygon; yield; rice; stability.

1. INTRODUCTION

Rice (Oryza sativa L.) is one of the globally
recognized staple food crops that feed the
hunger and calorie need of millions [1]. It is
cultivated worldwide in an area of 164.19 million
ha, with 756.74 million tons of paddy production
and 4.61 t ha™* productivity [2]. In India, rice is
grown in an area of 45.77 million ha with a
production of 124.37 million tons [3]. India is the
second largest rice-growing country in the world;
however, its productivity per unit area is low i.e.,
2717 kg ha™. Whereas in Telangana state, rice is
cultivated in an area of 3.18 million ha with a
production of 10.22 million tons and an average
productivity of 3206 kg ha™ [4]. “Although more
than 900 rice varieties have been released in
India, many of them were no longer cultivated
within a few years due to inconsistent
performance in diverse environments and only a
few varieties with stable performance continue
under cultivation after 15 to 20 years of their
release” [5]. “Nevertheless, there is still a large
gap between production and demand. To meet
this challenge, there is a need to develop rice
varieties with higher stability. Grain yield is the
most important trait in any crop. Grain yield,
being a quantitative trait is highly influenced by
the environment. So a breeder should identify a
variety that is less influenced by environments
i.e., a stable one” [6]. “Plant breeders conduct
multi environment trials (MET) primarily to
identify the superior cultivars for a target region
and secondarily to determine if the target region
can be subdivided into different mega
environments” [7-8]. “Identification of superior
genotypes through GEI became complicated for
a range of environments to determine their true
genetic potential” [9]. “Breeders must therefore
use tools to efficiently and accurately measure
the response of the lines in multiple test

environments” [10]. “There are several biometric
models proposed to analyze the GEI and explore
adaptability and stability. Various statistical
models such as additive main effects and
multiplicative interaction (AMMI)” [11] and
“genotype main effects in addition to genotype by
environment interaction (GGE) biplots have been
used” [7]. “AMMI and GGE biplots are the most
effective and commonly used multivariate models
for the analyses of stability, adaptability and
ranking of genotypes and for selecting suitable
mega environments” [11-13]. “Both models
integrate principal component analysis (PCA)
and biplot for the explanation of genotype by
environment interaction (GEI).The AMMI model
combines ANOVA for the genotype and
environment main effects with  principal
components analysis of GEI” [14,15]. Keeping in
view of the above, the present investigation was
undertaken to assess the extent of G x E
interaction and to select the stable rice
genotypes for grain yield over and combined
across the growing seasons by using AMMI and
GGE biplot models.

2. MATERIALS AND METHODS

The experiments were carried out under four
seasons with 9 genotypes during kharif season
(July to November) of 2019 (E1), rabi season
(December to April) of 2019-20 (E2), kharif
season (July to November) of 2020 (E3) and rabi
season (December to April) of 2020-21 (E4) at
Regional  Agricultural Research  Station,
Warangal, Telangana. The details of the
experimental material and environments are
presented in Table 1. The farm is geographically
situated at 18°.01" N Latitude, 79°.60° E
Longitude and an elevation of 270 m AMSL. The
experiments were carried out using a
randomized complete block design (RCBD) with
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three replications in  four environments.
Twentyfive days old seedlings were transplanted
at the main field under irrigated ecosystem at all
four environments. The experimental plots size of
10 m® with row-to-row and plant-to-plant
distances was kept at 20 cm and 15 cm,
respectively  in all  the environments.
Recommended package of practices was
followed to raise the crop. Grain yield was
recorded in each plot and expressed as kg ha™.
Trial in each season was conducted as one
environment for the multi—environment analysis.
Data obtained from each season was analyzed
separately by running a single analysis of
variance and thereafter data from all four
seasons was pooled for analysis of variance to
perform the combined analysis of advanced lines
across the seasons to test the presence of
significant genotype, environment and genotype-
environment variation.

2.1 Statistical Analysis

“The grain yield data were subjected to combined
ANOVA and AMMI analysis to understand the
pattern of genotype performance across the four
environments. ANOVA was used to partition
genotype deviations, environment deviations,
and GxE deviations from the grand mean.
Subsequently, multiplication effect analysis
(AMMI) was used to partition GE deviations into
different interaction principal component axes
(IPCA). The GGE biplot graphically represents G
and GEI effect present in the multi-location trial
data using environment centred data. This
methodology uses a biplot to show the factors (G
and GE) that are important in genotype
evaluation and that are also sources of variation
in GEl analysis of multilocation trial data”
[7,12,16]. GGE biplots were used to identify (i)
the mega-environment using which-won-where
pattern, to recommend the genotypes for specific
mega-environments (ii) the stable genotypes that
can be recommended across the environments
(i) the target environments for different
genotypes under study. ANOVA and stability
analysis for yield trait was carried out by using
the AMMI and GGE bi-plot models R—packages
1.5, PB Tools 1.4 version IRRI.

The AMMI model used for the stability analysis is
as follows:

Yii= M+ g+ €+ A QuYix + &

where Y; = mean of a trait of i" genotype in |"
environment;

p = the grand mean;
gi = genotypic effect;
g = environmental effect;

A= eigenvalue of Interaction
Components Axes (IPCA) k;
eigenvector of genotype i for PC k;
eigenvector for environment j for PC k;
error associated with genotype i in
environment j.

Principal
ak =
Yik =
Eij =
3. RESULTS AND DISCUSSION

3.1 Analysis of Variance

Analysis of variance clearly showed that
grain  yield was significantly  different
among genotypes, environments, and

genotypesxenvironment interactions depicting
the presence of significant  variability
among genotypes, considerable influence of
environments and interaction of genotypes with
environments in the expression of the trait (Table
2). Further, environments contributed the highest
(69.66%) in the total sum of squares followed
by genotypes x environments (12.66%)
and genotypes (11.49%) indicating that the
environments  were diverse, with large
differences among environments causing most of
the variation for grain yield. Mohan et al. [17]
reported a highly significant difference in grain
yield in rice hybrids by genotype (7.50%),
environment (65.47%), and their interaction
(21.19%). Further Akter et al. [18], Islam et al.
[19] and Chavan et al. [20] also reported similar
results in rice production.

The grain yield over environments ranged from
4697 kg ha™ in kharif, 2020 (E3) to 8059 kg ha™
in rabi, 2020-21 (E4). The Genotypic grain yield
ranged from 6125 kg ha™ G7 (RNR 15048) to
7690 kg ha' G4 (WGL 1367) (Table 3). GE
interaction was a crossover type with different
yield rankings of genotypes across
environments. The significant interaction in
genotype and environment for yield validated the
need to take more care while selecting promising
genotypes by considering stability and
adaptability. Significant differences across years
were also observed by Dwivedi et al. [6] in
basmati rice genotypes using AMMI model.

3.2 AMMI Analysis

“The significant GxE interactions were further
partitioned by PCA [21] into three interaction
principal component axes (IPCA) explaining
68.3, 22.1 and 9.6% of GEI sum of squares,
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respectively (Table 2)”. “The first two IPCA axes,
IPCA1 and IPCAZ2 together contributed 90.4% of
the total interaction variance. Earlier reports
confirmed that in most of cases the maximum
genotype and environment interaction” could be
explained by using the first two PCAs by Akter et
al. [22], Chavan et al. [20], Dwivedi et al. [6],
Kesh et al. [23], Mohan et al. [17]. Rao et al. [24]
reported similar reports in Pigeon pea genotypes
from AMMI analysis. Therefore, IPCAl and
IPCA2 were used for the construction of AMMI 1
and AMMI 2 biplots.

“The mean grain yield and IPCA1 (interaction
effects) were plotted on the x and y axis,
respectively for the construction of the AMMIL bi-
plot (Fig. 1). The four quadrants (Q) of the bi-plot
corresponded to a higher mean (Q I, II), lower
mean (QIll, 1V), positive IPCA1 score (QI, IV) and
negative IPCAL score (QIl, lll) and a genotype
faling in the same quadrant denote positive
interaction and vice-versa. A genotype with
IPCA1 score near to zero is considered
to be more stable across environments. The
IPCA score of a genotype in the AMMI
analysis is an indication of the adaptability
over environments and the association
between genotypes and environments” [15,
25]. Conversely, “a genotype with high IPCA1
score is highly variable among environments”
[6,24].

3.2.1 AMMI 1 biplot

Accordingly, the rice genotype, G6 (WGL 1370),
G3 (WGL 1362) and G4 (WGL 1367) were
recorded with higher grain yield with positive
IPCA1 scores (Fig. 1). The genotype G9 (KNM
118) recorded high mean grain yield with
negative IPCA score and close to the origin
implying a poor yield with wider adaptability.
However, G6 (WGL 1370) and G8 (MTU 1010)
were plotted near to zero IPCA1 axis indicating
that these hybrids are relatively more stable
across locations. The genotype, G4 (WGL 1367),
was found superior among all the genotypes as
well as over the checks and across all the
environments under study.These findings were in
agreement with Rukmini Devi et al. [26], Kesh et
al. [23], Mohan et al. [17], Siddi et al. [27].The
remaining genotypes had less than the mean
grain yield and found specific adaptation to few
tested environments. Likewise, Jain et al. [28]
reported that “genotypes with PC1 scores close
to zero are usually widely adapted and they were
considered more stable in their performance
across test environments”.

3.2.2 AMMI 2 biplot

“In AMMI 2 biplot (Fig. 2) depicts the magnitude
of genotype-environment interaction. The
genotypes and environments that are the furthest
away from the origin are the least stable. When
genotypes and environments are in the same
sector, they interact positively; when they are in
opposite sectors, they interact negatively” [29].
Furthermore, “when IPCA1 was plotted against
IPCA2, Purchase [30] observed that the
genotypes that scored closest to the center of the
biplot (Fig. 2) were the most stable”. In this study,
most stable genotypes G6 (WGL 1370) and G3
(WGL 1362) were having higher yields and their
positions were closest to the origin and PC1 axes
of AMMI biplot 1, and hence they are less
interactive to environmental differences on grain
yield. Out of these genotypes, G3 (WGL 1362)
was positioned to closest to the centre of origin
in comparison with the all-other genotypes, this
genotype showed the least variation and was
considered as the most stable genotype. In
contrast, genotypes located far from the center,
have specific adaption [31-33], in rice introduced
stable genotypes with specific adaptability to
different environments using AMMI model and bi-
plot results. Some corner genotypes G5 (WGL
1369), G4 (WGL 1367), G9 (KNM 118) and G1
(WGL 1191) are the most responsive ones that
can be visually determined. These were either
the best or the poorest genotypes at some or all
the test seasons and would be utilized to
determine the mega-environments. Since
genotypes G1 (WGL 1191) and G9 (KNM 118)
located far from the axis center, they had no
suitable general adaptability. However, they were
found to be suitable specific adaptability with
environments E1 (kharif, 2019) and E3 (Kharif,
2020) respectively having below average mean
yield. Accordingly, proximity of genotype G5
(WGL 1369) to the environment E4 (rabi, 2020-
21) indicates their specific adaptability to the
above said environment with above average
mean yield. Based on the mean yield vs stability,
G6 and G3 were found to be stable genotypes
over the seasons.

3.3 GGE Bi-plot Model Analysis

“GGE bi-plots provide an effective evaluation of
genotypes and allow for a comprehensive
understanding of the target and test
environments through various IPCAs. The
genotype x environment interactions were
partitioned into four significant interaction PCAs
and 85.7% variance was explained by the first
two IPCAs together (Table 4)”. These findings

3149



Chandra et al.; IJECC, 12(11): 3146-3157, 2022; Article no.lIJECC.92732

agree with the results reported by Zewdu et al.
[34], Mohan et al. [17] and Siddi et al. [27].

“Among the environments, rabi season 2020-21
(E4) was found to be the most suitable
environment for the potential expression of grain
yield and the most ideal environment (Fig. 3) for
testing general adoption as it made a small angle
with the Average Environment Axis (AEA) and
large PC1 score and small PC2 score, and
representative of all the four environments. This
season will help in selecting cultivars that are
widely adopted and bear general adoption. It was
observed that grain yield was significantly higher
in the dry season (rabi) than wet season (kharif)
under irrigated rice production in tropical
conditions and the variation was observed for the
ideotype suitability for different seasons” [35]. On
the other hand, rabi season 2019-20 (E2) and
kharif season (E3) had the longest vectors and
indicating that they were the poor and most
discriminating and desirable testing season for
examining special adoption for grain vyield.
Correspondingly, Zewdu et al. [34] reported that
“E6, E1, E3, and E2 environments were ideal
with short vectors, while E4 and E5 had long
spokes and indicated a high discriminating ability
of these environments”. Similarly, Mohan
et al. [17] reported that “the most powerful
interpretive tool for AMMI models is Bi-plot
analysis and identified that environment E4 had

interactive forces while E6 and E1 with long
vectors were more differentiating environments”.

3.4 Mean Performance and Stability of
Genotypes

“The magnitude of interaction can be visualized
for each genotype and each environment using
IPCA vs. mean yield and IPCAL vs. IPCA2 biplot
model” [36]. “An ideal genotype is one with large
PC1 scores representing the high yielding ability
and small PC2 scores representing high stability”
[7]. “The concentric circles help to rank the
genotypes based on their distances to the ideal
genotype, and the genotypes evaluated in multi—
environmental trials, shifts in the relative ranking
of genotype by environment interactions often
occur” .[37,38,17,27]. Thus, Fig. 4 revealed that
genotype G4 (WGL 1367) was identified as ideal
genotype followed by G3 (WGL 1362) with higher
mean yield and good stability whereas, G1 (WGL
1191) and G7 (RNR 15048) were found to be
most unstable. Similarly, among environments,
rabi season of 2020-21 (E4) was identified as the
best location for realizing higher grain yields.
Further, the genotype G6 (WGL 1370) was
identified as highly stable with the least
dispersion from AEA axis and also recorded
reasonably good mean grain yield. These results
are in close correspondence with the results
reported by Mohan et al. [17] and Siddi

short vectors and they did not exert strong etal. [27].
ANMMIM Biplot
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Fig. 1. AMMI biplot 1 for grain yield showing the means of genotypes (G) and environments (E)
against their respective IPCA1 scores in rice
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Table 1. Genotype code and designation of rice genotypes for four seasons

S.No. Genotype Designation Pedigree Source Environment code Environment
code

1 Gl WGL-1296 KMP 150/ JGL 17025 RARS, Warangal El Kharif, 2019

2 G2 WGL-1191 RP 4092-115-08-5-3 / KMP RARS, Warangal E2 Rabi, 2019-20

150

3 G3 WGL-1362 BPT 5204 / JGL 17653 RARS, Warangal E3 Kharif, 2020

4 G4 WGL-1367 WGL 32100/ NR 6226 RARS, Warangal E4 Rabi, 2020-21

5 G5 WGL-1369 NLR 34449/ NR 6226 RARS, Warangal

6 G6 WGL-1370 NLR 34449/ NR 6226 RARS, Warangal

7 G7 MTU-1010 Variety check RARS, Maruteru

8 G8 RNR15048 Variety check RRC, Rajendranagar

9 G9 KNM-118 Variety check ARS, Kunaram

Table 2. AMMI analysis of variance for yield (kg ha™) of nine rice genotypes combined across four environments

Source of variation DF SS MS % Explained SS
Genotypes (G) 8 31273617 3909202" 11.49
Environments (E) 3 189455781 63151927 69.66
Genotypes xEnvironments (G xE) 24 34432631 1434692" 12.66

IPCAL 10 23530449 2353044 68.3

IPCA2 8 7598065 949758 22.1

IPCA3 6 3305445 550907 9.6

Error 64 13735691 214620

Total 99 271960848 2747079

P<0.01, DF: Degrees of freedom; MS: Mean sum of square; SS: Sum of square
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Table 3. Mean yield (kg ha™) of the rice genotypes combined across four environments

Genotype Genotype E1 E2 E3 E4 Genotype PC1 PC2 PC3
Code by mean
WGL 1191 G1 6524 6135 4331 8058 6262 -21.21 19.21 -3.90
WGL 1296 G2 6634 7264 3783 7420 6275 0.06 6.60 -25.14
WGL 1362 G3 6896 8470 5316 9432 7529 2.95 12.17 13.49
WGL 1367 G4 6968 9795 5575 8420 7690 19.27 - -3.05
20.65
WGL 1369 G5 5552 8822 3205 8437 6504 36.19 1542 541
WGL 1370 G6 6699 8129 5017 7959 6951 0.96 -8.33 -6.05
RNR 15048 G7 5767 6513 4667 7551 6125 -14.68 -1.48 10.21
MTU 1010 G8 5820 7435 4802 7300 6339 -2.62 - 4.72
15.45
KNM 118 G9 6651 7019 5576 7950 6799 -20.91 -750 431
Environment 6390 7731 4697 8059 GM=6719
mean
ANMMI Biplot for Yield..kg.ha.
EZ2
l Ez
-20 —EID —1ID l;l 1ID 20 3ID 4ID

Fig. 2. AMMI 2 Biplot for grain yield (kg ha'l) showing the interaction of IPCA2 against IPCAL

scores of 9 rice genotypes (G) in four environments (E)

Table 4. GGE analysis of variance for yield (kg ha™) of nine rice genotypes across four

environments

Source of variation DF SS MS % Explained SS
Genotypes (G) 8 31273617 3909202~ 11.49
Environments (E) 3 189455781 63151927  69.66
Genotypes x Environments (G xE) 24 34432631  1434692" 12.66

IPCA1 10 38695608 3869560.8  58.9

IPCA2 8 17578533  2197316.6  26.8

IPCA3 6 6372607  1062101.2 9.7

IPCA4 4 3058088  764522.1 4.7

Error 64 13735691 214620

Total 99 271960848 2747079

P<0.01, DF: Degrees of freedom; MS: Mean sum of square; SS: Sum of square;
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Fig. 4. GGE Biplot of stability and mean performance of genotypes across average

environments
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What-won-where Biplot for Yield..kg.ha.

PC1=58.9%, PC2=38.8%

PC2

PC 1

Fig. 5. What-won-where GGE biplot for yield

3.5 What-Won-Where Bi-Plot

“The what-won-where view of the GGE bi-plot [7]
is the best model for multi-environment trial data
for grouping the environments and also
identifying best performing genotype in each”.
“Many researchers found this biplot intriguing, as
it graphically addresses important concepts such
as crossover GE, mega  environment
differentiation, and specific adaptation. A polygon
is first drawn on genotypes that are furthest from
the biplot origin so that all other genotypes are
contained within the polygon. The perpendicular
lines to each side of the polygon are drawn,
starting from the biplot origin” [13]. It divided the
biplot into four sections and four environments
fall into two mega environments viz., E2 and E3
for grain yield (Fig. 5). Genotypes located on the
vertices of the polygon performs either the best
or the poorest in one or more environments.
Vertex genotype G4 (WGL 1367) was the
winning genotype in mega environment 1
consisting of rabi season of 2019-20 (E2), rabi
season of 2020-21 (E4) and kharif season of
2019 (E1) While the genotype G9 (KNM 118)
was the winner in mega environment 2 i.e Kharif,

season of 2020 (E3). Similarly, genotype G6
(WGL 1370) was better in rabi season of 2020-
21 (E4) environment. It concludes that “different
cultivars should be selected and deployed for
each different environment”. Similar results were
reported by the rice workers viz., Akter et al. [22],
Rukmini Devi et al. [26], Lingaiah et al. [39],
Mohan et al. [17] and Siddi et al. [27]. Whereas
other vertex genotypes G5 (WGL 1369), G7
(RNR 15048) and G1 (WGL 1191) fall in
separate groups with poor performance in all the
environments.

4. CONCLUSION

Based on AMMI and GGE bi plot models it was
concluded that rice genotypes G3 (WGL 1362),
G6 (WGL 1370) and G4 (WGL 1367) were more
stable across locations with higher grain yields.
GGE bi-plot environment view confirmed that rabi
season of 2020-21 (E4) as the most ideal
environment to obtain higher grain yields. Vertex
genotype G4 (WGL 1367) was the winning
genotype in mega environment 1. While the
genotype G9 (KNM 118) was the winner in mega
environment 2 i.e., Kharif, season of 2020 (E3).
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These two methods can be effectively utilized for
the identification of the suitable genotypes for
suitable environments.

ACKNOWLEDGEMENTS

The authors are sincerely thankful
Associate
Agricultural

to the
Regional
Warangal for

Director of Research,
Research Station,

providing necessary facilities and support.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Das CK, Bastia D, Naik BS, Kabat B,
Mohanty MR, Mahapatra SS. GGE Biplot
and AMMI analysis of grain yield stability &
adaptability behavior of paddy (Oryza
sativa L.) genotypes under different
agroecological zones of Odisha. Oryza.
2018;55(4):528-542.

FAOSTAT. 2020. Food and Agriculture
Organization of the United Nations, Rome,
Italy; 2022.
Available:http://www.fao.org/faostat/en/#da
ta/QCL

Directorate of economics and statistics.
Ministry of Agriculture & Farmers Welfare
Department of Agriculture, Cooperation
& Farmers Welfare, Government of
India. New Delhi; 2021.
Available:https://eands.dacnet.nic.infAPY _
96_To_06.htm

Indiastat; 2021.
Available:https://www.indiastat.com/table/ri
ce/telangana-state-season-wise-area-
production-productivity-ric/1423615
Nitiprasad NJ, Bose LK, Pande K, Singh
ON. Genotype by environment interaction
and stability analysis in rice genotypes.
Ecology, Environment and Conservation.
2015;21(3):1427-1430.

Dwivedi A, Basandrai D, Sarial AK. AMMI
biplot analysis for grain yield of basmati
lines (Oryza sativa L.) in North Western
Himalayan Hill regions. Indian Journal of
Genetics and Plant Breeding. 2020;80(2):
140-146.

Yan W, Hunt LA, Sheng Q, Szlavnics Z.
Cultivar evaluation and mega environment
investigation based on the GGE biplot.
Crop Science. 2000;40:597-605.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

3155

Crossa J, Cornelius PL, Yan W. Biplots of
linear—bilinear models for studying cross
over genotype-environment interaction.
Crop Science. 2002;42:136-144.
Yaghotipoor A, Farshadfar E. Non-
parametric estimation and component
analysis of phenotypic stability in chickpea
(Cicer arietinum L.) Pakistan Journal of
Biological Science. 2007;10:2646- 2652.
Yan W, Kang MS, Ma BL, Woods S,
Cornelius PL. GGE biplot vs. AMMI
analysis of genotype—by—environment
data. Crop Science. 2007;47:643-653.
Gauch HG. Statistical analysis of regional
trials-AMMI analysis of factorial design. 1%
Ed. Elsevier, Amsterdam, New York;1992.
Yan W. GGE biplot: A windows application
for graphical analysis of multi-environment
trial data and other types of two—way data.
Agronomy Journal. 2001;93(5):1111-1118.
Yan W, Tinker NA. Biplot analysis of multi-
environment trial data: Principles and
applications. Canadian Journal of Plant
Science. 2006;86(3):623—-45.

Zobel RW, Wright MJ, Gauch HG.
Statistical analysis of a vyield trial
Agronomy Journal. 1988;388-393.

Gauch HG, Zobel RW. AMMI analysis of
yield trials. In: MS. Kang & HG. G
auch. (Eds.). Genotype by environment
interaction. CRC Press, Boca Raton, FL.,
USA. 1996;85-122.

Yan W, Kang MS. GGE biplot analysis: A
graphical tool for breeders, geneticists and
agronomists. CRC Press LLC, Boca
Raton, Florida, 271; 2003.

ISBN: 0849313384
URL:http://www.crcpress.com

Mohan YC, Krishna L, Sreedhar S, Satish
Chandra B, Damodhar Raju Ch,
Madhukar P et al. Stability analysis of rice
hybrids for grain vyield in Telangana
through AMMI and GGE Bi-plot Model.
International Journal of Bio-resource and
Stress Management. 2021;12(6):687-95.
Akter A, Hassan J, Kulsum M, Islam M,
Hossain MRK, Rahman MM. AMMI Biplot
analysis for stability of grain yield in hybrid
rice (Oryza sativa L.). Journal of Rice
Research. 2014;2:2:1-4.

Islam MR, Anisuzzaman M, Khatun H,
Sharma N, Islam MZ, Akter A et al. AMMI
analysis of yield performance and stability
of rice genotypes across different haor
areas. Journal of Eco-friendly Agriculture.
2014;7(2):20-24.


https://eands.dacnet.nic.in/APY_96_To_06.htm
https://eands.dacnet.nic.in/APY_96_To_06.htm
https://www.indiastat.com/table/rice/telangana-state-season-wise-area-production-productivity-ric/1423615
https://www.indiastat.com/table/rice/telangana-state-season-wise-area-production-productivity-ric/1423615
https://www.indiastat.com/table/rice/telangana-state-season-wise-area-production-productivity-ric/1423615

20.

21.

22.

23.

24.

25.

26.

27.

28.

Chandra et al.; IJECC, 12(11): 3146-3157, 2022; Article no.lIJECC.92732

Chavan MR, Waghmode BD, Bhave SG.
Study of specificity in adaptability of rice
(Oryza sativa L.) genotypes to specific
environment. Electronic Journal of Plant
Breeding. 2020;11(4):1021-1025.

Gollob HF. A statistical model that
combines features of factor analysis and
analysis of variance techniques.
Psycrometrika .1968;33;73-115.

Aktar A, Hasan MJ, Kulsumu U, Rahman
MH, Khatun M, Islam MR. GGE bi-plot
analysis for vyield stability in multi-
environment trials of promising hybrid rice
(Oryza sativa L.). Bangladesh Rice
Journal. 2015;19(1):1-8.

Kesh H, Kharb R, Ram K, Munjal R,
Kaushik P, Kumar D. Adaptability and

AMMI biplot analysis for yield and
agronomical traits in scented rice
genotypes under diverse production

environments. Indian Journal of Traditional
Knowledge. 2021;20(2):550-562.

Rao PJM, Kishore NS, Sandeep S,
Neelima G, Saritha A, Rao PM et al. AMMI
and GGE Biplot Analysis for stability of
yield in midearly pigeonpea [Cajanus cajan
(L.) Millspaugh] genotypes. Legume
Research- An International Journal. 2022;
1-8.

Mahalingam L, Mahendran S, Babu CR,
Atlim G. AMMI Analysis for stability of
grain yield in rice (Oryza sativa L).
International Journal of Botany.
2006;2(2):104-106.

Rukmini Devi K, Venkanna V, Lingaiah N,
Prasad KR, Satish Chandra B, Hari Y et
al. AMMI biplot analysis for
genotypexenvironment interaction and
stability for yield in hybrid rice (Oryza
sativa L.) under different production
seasons. Current Journal of Applied
Science and Technology. 2020;39(48):
169-175.

Siddi S, Anil D, Lingaiah N. GGE Biplot
Analysis for stability in diverse maturity
groups of rice (Oryza sativa L.) advanced
lines. International Journal of Bio-resource
and Stress Management. 2022;13(1):
114-121.
Available:HTTPS://DOI.ORG/10.23910/1.2
022.2597

Jain BT, Sarial AK, Saharan RP, Kesh H,
Anuragi H. AMMI biplot analysis for
stability in basmati rice (Oryza sativa L.) in
different production systems. Electronic
Journal of Plant Breeding. 2018;9(2):
502-10.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

3156

Osiru, MO, Olanya OM, Adipala E,
Kapinga R, Lemaga B.Yield stability
analysis of Ipomoea batatus L. cultivars in
diverse environments. Aust J Crop Sci.
2009;3(4):213-220.

Purchase JL. Parametric analysis to
describe  genotype x  environment
interaction and vyield stability in winter
wheat. Ph.D. Thesis, University of the
Orange Free State, Bloemfontein, South
Africa; 1997.

Bose LK, Jambhulkar NN, Pande K, Singh
ON. Use of AMMI and other stability
statistics in the simultaneous selection of
rice genotypes for yield and stability under
direct-seeded conditions. Chilean Journal
of Agricultural Research. 2014;74(1):3-9.
Ogunbayo SA, Sie M, Ojo DK, Popoola
AR, Oduwaye OA, Daniel 10 et al
Comparative performance of forty-eight
rice genotypes in diverse environments
using the AMMI and GGE Biplot analysis.
International Journal of Genetics and Plant
Breeding. 2014;8(3):139-152.

Sharifi P, Aminpanah H, Erfani R,
Mohaddesi A, Abbasian A. Evaluation of
genotypexenvironment interaction in rice
based on AMMI model in Iran. Rice
Science. 2017; 24(3):173-180.

Zewdu Z, Abebe T, Mitiku T, Worede F,
Dessie A, Berie A et al. Performance
evaluation and yield stability of upland rice
(Oryza sativa L.) varieties in Ethiopia.
Cogent Food & Agriculture. 2020;6:1-13.
Bueno CS, Lafarge T. Maturity groups and
growing seasons as key sources of

variation to consider within breeding
programs for high vyielding rice in
the tropics. Euphytica. 2017;213:74.

Available:https://doi.org/10.1007/ s10681—
017-1862-z.

Yan W, Hunt LA. Genotype by
environment interaction and crop Yyield.
Plant Breeding Review.1998;16:35-178.
Alam AKM, Somta MP, Jompuk C,
Chatwachirawong P, Srinivas P.
Evaluation of mungbean genotypes based
on yield stability and reaction to mungbean
yellow mosaic virus disease. The Plant
Pathology Journal. 2014;30:261-268.

DOI: 10.5423/ ppj.0a.03.2014.0023
PMID:25289012 PMCID: PMC4181119
Parihar AK, Basandrai AK, Sirari A,
Dinakaran D, Singh D, Kannan K et al.
Assessment of mungbean genotypes for
durable resistance to yellow mosaic
disease: Genotype x  environment



Chandra et al.; IJECC, 12(11): 3146-3157, 2022; Article no.lIJECC.92732

interaction. Plant Breeding. 2017;13: for genotype x environment interaction on
94-100. yield in rice (Oryza sativa L.)

39. Lingaiah N, Satish Chandra B, Venkanna genotypes. Journal of Pharmacognosy and
V, Devi RK, Hari Y. AMMI Biplot analysis Phytochemistry. 2020;9(3):1384-1388.

© 2022 Chandra et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/92732

3157


http://creativecommons.org/licenses/by/2.0

