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Accepted : 13 January 2023 (AMMI) and GGE Bi-plot analyses was performed. Analysis of variance clearly
revealed that genotypes contributed highest (34.57 %) followed by environments (32.31
Available online: 15 Jan. 2023 %) and genotype environment interaction (17.10 %) in total sum of squares indicating
very greater role played by genotypes, environments and their interactions in realizing
Key Words: final grain yield. AMMI analysis revealed that rice genotypes viz., KNM 2305 (G12),
AMMI KNM 2307 (G16) and JGL 20776 (G9) were recorded higher mean grain yield with
GE interaction positive interactive principal component analysis 1 (IPCA1) scores whereas, KNM 2307
GGE biplot (G16) and RNR 23595 (G5) were plotted near to zero IPCA1 axis indicating relatively
rice genotypes more stable performance across locations. However, the GGE Bi-plot genotype view
stability depicts that the genotypes viz., RDR 1188 (G6) and KNM 2305 (G12) were known as

highly unsteady across locations. Among environments, Rudrur (E4), Kunaram (E2)
and Rajendranagar (ES) locations were identified as relatively ideal to realize good
yields whereas Jagtial (E1), Kampasagar (E3) and Warangal (E6) locations were poor
and most discriminating. Among the six locations, the performance of genotypes was
relatively similar in Kunaram (E2), Kampasagar (E3) and Rudrur (E4), Warangal (E6)
though they belong to different agro-climatic zones of Telangana state, whereas Jagtial
(E1) location seems to be little divergent. Further, KNM 2305 (G12) and US 314 (G17)
were performed better at Jagtial (E1) and Rajendranagar (ES) while MTU 1010 (G8)
was found to have good performance in Rudrur (E4) and Warangal (E6) locations. The
results conclude that KNM 2305 was high yielder but found to be unstable across
locations whereas KNM 2307 (G16) and KPS 6251 (G15) were identified as good with
reasonably higher grain yield and stable performance over locations.
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Introduction

Rice (Oryza sativa L.) is a staple crop for more than
half of the world's population, supplying roughly
20% of dietary energy requirements. Rice is grown
on roughly 116 million hectares throughout the
world every year, yielding over 700 million tons
(Anonymous, 2019). Rice is one of the most
predominantly grown crops in Telangana state
during rainy and post rainy seasons. Rice is being
grown in an area of 41.89 lakh hectares with the
production and productivity of 218 lakh tons and
5215 kg/ha, respectively (Anonymous, 2021). In
view of delayed release of canal irrigation water,
existence of mostly light textures soils and varied
temperatures, short duration varieties (115 to 125
days) suits well in the region. Rice productivity
must be increased to address the problems of higher
cost of cultivation, population expansion, climate
change and limited arable land (Cordero, 2020).
Rice is grown in a range of environments, including
temperate, subtropical and tropical climates.
Several yield-related parameters influence rice
yield, including panicle number, spikelet number
per panicle and grain weight. Previous research has
shown that, in addition to genotypic -effect,
environmental effects and genotype environment
interaction (GEI) have a significant impact on rice
production (Balakrishnan et al., 2016). The
adaptation response of various genotypes to each
environmental condition is represented by GEI
(Olivoto et al., 2019). To correctly evaluate the
yield performance of different rice genotypes, GEI
must be identified in specific or broad
environments (Kempton et al, 2012). Wide
adaptation is defined as the ability to produce stable
high yields across diverse environments (Gauch et
al., 2008; Yan, 2016) and a major goal in rice
breeding programs is to achieve stability of yield
performance in different agricultural environments
(Xuet al., 2020).

The AMMI model has recently been popular for
interpreting the G x E interaction, with a biplot
often used to interpret the AMMI result, with yield
on one axis and principal component analysis
(PCA) scores on the other, or two PCA axes scores
on two axes (Crossa et al., 1990). Regular analysis
of variance for additive effects is combined with
PCA for multiplicative structure within the
interaction in the AMMI model. AMMI also
provides a visual representation of trends in the

data through a biplot that makes use of the first
interaction principal component axis (IPCA1) and
the mean yields of both the genotypes and
environments (Nachit ef al., 1992). To enhance the
selection method, it is important to take advantage
of the possibility of finding genotypes that are less
influenced by G x E interaction (GEI). Genotypic
main effect plus GEI (GGE) biplot analysis is a
statistical method that has been widely employed to
detect the GEI of target traits in multiple
environments. GGE biplots graphically indicate the
GEI of multiple environmental trials in a way that
facilitates the evaluation of varieties. GGE biplots
are constructed using first and second
symmetrically scaled principal components derived
from singular value decomposition of environment-
centered multiple environment trial data,
facilitating genotype evaluation and mega-
environment delineation (Yan et al., 2000). Under
this context, present investigation was carried out to
identify stable short duration genotypes suitable for
Telangana state through AMMI and GGE biplot
models.

Material and Methods

The investigation was carried out on eighteen short
duration genotypes of rice (Table 1). The
experiment was conducted at six locations of
Telangana comprising different agro-climatic zones
as detailed in Table 2 during kharif 2017. Crop was
raised by sowing the nursery during first fortnight
of July and 25-30 days age seedlings were planted
in main field under irrigated farming system at all
the six locations. The spacing adopted was 15 % 15
cm between rows and hills with plot size of 10-15
m? replicated thrice in Randomized Complete
Block Design. Crop was well managed by adopting
recommended agronomic package and suitable
plant protection measures to realize potential yields.
Grain yield was recorded in each plot and
expressed in kg/ha. Statistical analyses like,
combined ANOVA and AMMI analysis were
conducted to understand the pattern of genotypic
performance across the locations. ANOVA was
used to  partition  genotypic  deviations,
environmental deviations and G X E deviations
from the total variation.
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Table 1: Details of 18 rice genotypes used in the study along with parentage
Code Genotypes Parentage Source :)Du;;:)ion Grain Type
Gl JGL 24497 | JGL 17004 x NLR 3042 EEATIS{U Jagtial, | |5 Long Slender
G2 RDR 1162 | JGL 11727 x JGL 17004 Eff;i%s’ Rudrur, | 5 Medium Slender
G3 RNR 15048 | MTU 1010 x JGL 3855 ?ﬁ%k%ajendra“agar’ 125 Short Slender
G4 JGLH 169 | CMS 64A x IMBR2 EEATIS{U Jagtial, |15 Long Slender
G5 RNR 23595 Yamini x BM 71 gﬁ%k%aj endranagar, 120 Medium Slender
G6 RDR 1188 | JGL 17653 x RP 2421 ;Sf;RA%S’ Rudrur, |14 Long Slender
G7 IBT R9 MTU 1010 x 2/GPP2 ?ﬁ%k%ajendranagar’ 120 Long Slender
G8 MTU 1010 Varietal Check il;l({}%AU Maruteru, 115 Long Slender
G9 JGL 20776 | MTU 1010 x JGL 13595 EEATIS{U Jagtial, |15 Long Bold
o |waLiite | g0k S R . e | 120 Medium Slender
Gl1 RNR 26241 | WGL 505 x RNR 15048 gﬁ%’lxﬁajendraﬂagar’ 125 Medium Slender
G12 KNM 2305 iflL 11470 = Himalaya I’}JI}SS’ U Kunaram, 1, Long Bold
G13 IBT R4 Tellahamsa x 2/Gpp2 | BT, Rajendranagar, | Long Slender

PITSAU

Gl4 WGL 962 EE 55220(2‘4X XShE‘tEE df‘” / ?ﬁii’u Warangal, |5 Medium Slender
G15 KPS 6251 lé’IhTigimu tyalhom x I’}JI}SS’ AUKampasagar’ 115 Medium Slender
Gl6 | KNM2307 | JGL 11727 x JGL 17004 I’}JI}SS’ s Long Bold
G17 | US314 Hybrid check gti Agriseeds Pyt | Medium Bold
GIs | IBTRS | LRI | PITSAU s Long Slender

Further, multiplication effect analysis (AMMI) was
used to partition GE deviations into different
interaction principal component axes (IPCA).
Genstat 15" Edition (GenStat, 2012) and P B Tools
(IRRI, 2014) were used to analyze the AMMI and
GGE biplot for eighteen genotypes.

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

Yij=p+gi+ e+ Anaix ik + &

where
Yij = mean of a trait of i genotype in /" environment;

p = the grand mean;

gi = genotypic effect;

ej = environmental effect;
A = eigen value of Interaction Principal Components Axes
(IPCA) k;

aik = eigen vector of genotype i for PC k;

ik = eigen vector for environment j for PC k;

&ij = error associated with genotype i in environment .

The GGE biplots were generated to predict the
which-won-where pattern and to identify the
genotypes best suited across environments as well
as for specific environment.
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Results and Discussion

An experiment was formulated to identify stable
rice genotypes across different agro-climatic zones
of Telangana state through Bi-plot analyses. The
mean grain yield ranged varyingly from 2121 kg/ha
to 9140 kg/ha (Table 3). Mean grain yield across
locations showed that the KNM 2305 (6803 kg/ha)
was recoded highest mean grain yield followed by
MTU 1010 (6443 kg/ha) and KNM 2307 (6393
kg/ha), whereas RDR 1188 (3744 kg/ha) was the
poorest yielder. Likewise, among locations, Jagtial
(E1) was found to be ideal location with highest
mean grain yield (6451 kg/ha) across genotypes
followed by Kampasagar (E3) (6262 kg/ha),
whereas Warangal (E6) was poorest location with
least mean grain yield (4324 kg/ha). Genotypic
performance of rice and other crops in relation to
different environments has been estimated by
worker like Xing et al. (2021), Amiri et al. (2015),
Rakshit et al. (2012) and Mohammadi ef al. (2012)
all of them identified varieties suitable for a defined
production system.

Analysis of variance

Analysis of variance elucidated that significant
difference existed among genotypes, environments
and genotypes x environment interactions and
witnessed the  considerable influence  of
environments and interaction of genotypes with
environments in expression of the grain yield
(Table 4). Further, genotypes contributed highest
(34.57 %) in total sum of squares followed by
environments (32.31%) and genotype environment
interaction (17.10 %) revealing that genetic
architecture of the genotypes play greater role apart
from environment and their interaction in
manifestation of the trait. Xing et al. (2021)
reported similar finding that the grain yield was
more influenced by genotype, genotype X
environment interactions and environment with
contribution of 35.6, 37.1 and 16.5 percent of total
variance, respectively.

AMMI analysis

The significant G x E interactions were further
partitioned into five significant principal
component axes explaining 34.4, 31.3, 18.1, 12.2
and 4.0 of GEI variation, respectively (Table 5).
The first two interaction PCAs accounted for
maximum of 65.7 %. Similarly, Das et al. (2010)

and Umma et al. (2013) earlier reported that first
two PCAs explained the maximum GEI. Zewdu et
al. (2020) had similar findings that the two IPCA
axes together accounted for 69.17% of the genotype
by environment interaction mean squares. The
IPCA score of a genotype in the AMMI analysis is
a signal of the adaptability over environments and
relationship between genotypes and environments
(Gauch et al., 1996 and Mahalingam et al., 2006).
The mean grain yield and IPCAl (interaction
effects) were plotted on x and y axes, respectively
for the construction of AMMII1 Bi-plot (Fig. 1). A
genotype with IPCA1 score near to zero is
considered to be steadier across environments. In
opposition, a genotype with high IPCA1 score is
highly variable among environments (Rao et al,
2020). The genotypes, KNM 2305 (G12), KNM
2307 (G16) and JGL 20776 (G9) were recorded
higher mean grain yield with positive IPCAT1 scores
(Fig. 1). The genotypes, MTU 1010 (GS8), KPS
6251 (G15) and JGL 24497 (G1) had high mean
grain yield and found more adaptable to
Kampasagar (E3) location. However, KNM 2307
(G16) and RNR 23595 (GS) were plotted near to
zero IPCA1 axis indicating that these genotypes are
relatively more stable across locations. The
remaining genotypes had less than the mean grain
yield and found specific adaptation to few tested
environments. Similarly, Balakrishnan et al. (2016)
exhibited G8, G2, G3, G14, G11 and check Swarna
(G15) had high yield with high main (additive)
effects showing positive PC1 score.

GGE Bi-plot analysis

GGE Bi-plot offers effective assessment of
genotypes and allow for complete understanding of
the target and test atmospheres through various
IPCAs. The genotype x environment interactions
were partitioned into six significant interaction
PCAs and 81.2% variance was explained by first
two IPCAs together (Table 6). Similarly, Zewdu et
al. (2020) partitioned the genotype X environment
interactions into six rays which divided the biplot
into seven sections.

GGE Bi-plot genotype view depicts that the
genotype WGL 1119 (G10) was inside the first
concentric circle and found to be more stable across
environments (Fig. 2). However, the genotype RDR
1188 (G6) and KNM 2305 (G12) were known as
highly unsteady across locations with longest
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Table 2: Details of six locations in Telangana state used for evaluation of genotypes

Code | Location name District Agroclimatic | Latitude | Longitud | Altitud 1:1:)1:;3::6 d
Zone N) e(E) e (m)
area (ha)
Regional Agricultural Northern
El Research Station, Jagtial Telangana 18.49° 78.56° 243.4 85584
Polasa, Jagtial
E2 ‘;‘gﬁg‘;h‘f{ria rl:fjea“’h Peddapally ¥$§;‘;a 1832° | 79.32° 2310 | 78969
g3 | Agricultural Rescarch | \p\ g, | Southern 16.59° | 79.28° 152.0 | 139410
Station, Kampasagar Telangana
Regional  Sugarcane Northern
E4 and Rice Research | Nizamabad | Telangana 18.01° 85.01° 404.0 143778
Station, Rudrur
Es Rice Rgsearch Center, | Rangaredd | Southern 17.33° 78 40° 536.6 21773
ARI, Rajendranagar y Telangana
Regional Agricultural Central
E6 Research Station, | Warangal | Telangana 15.50° 79.28° 268.5 47237
Warangal
Table 3: Mean grain yield (kg/ha) of 18 rice genotypes across six locations
Details  of | Environments
Code Genotype/ .
Environment | F1 E2 E3 E4 ES E6 Mean across locations
Gl JGL 24497 7269 5096 | 7318 | 7052 5725 5181 6274
G2 RDR 1162 5153 5565 | 5761 | 6012 5461 5378 5555
G3 RNR 15048 6164 3903 | 5865 | 5110 4851 3575 4911
G4 JGLH 169 6568 3093 | 5134 | 4568 6144 3760 4878
G5 RNR 23595 6283 4003 | 6538 | 5617 6719 4553 5619
Go6 RDR 1188 4551 3608 | 3587 | 4294 4301 2121 3744
G7 IBT R9 4332 3942 | 6242 | 5511 4792 3821 4773
G8 MTU 1010 6958 5004 | 7511 | 6362 6554 6267 6443
G9 JGL 20776 7824 5434 | 7668 | 5044 6424 5649 6340
Gl10 WGL 1119 6257 4870 | 6691 | 4921 5755 5035 5588
Gll RNR 26241 7269 3868 | 6087 | 5454 4655 2868 5033
Gl12 KNM 2305 9140 6378 | 7842 | 6082 6479 4895 6803
G13 IBT R4 5668 3522 | 5118 | 4951 3285 2894 4240
Gl14 WGL 962 5834 3847 | 5764 | 5670 5336 3592 5007
G15 KPS 6251 6998 5040 | 7893 | 6287 6729 5128 6346
Gl6 KNM 2307 7454 5223 | 7754 | 6541 6313 5074 6393
G17 UsS314 7097 4528 | 5096 | 5343 7442 4179 5614
G18 IBT R8 5298 3924 | 4845 | 4303 5575 3864 4635
Mean across | 151 | 4490 | 6262 | 5507 | 5697 | 4324
genotypes
CD
SE (m)+ 0.05)
Genotypes 204.02 568.18
Environme 1,5, o7 340.12
nts
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Table 4: Analysis of variance for grain yield over 18 rice genotypes and 6 locations

Source of variation df SS MMS P Value % Explained
Treatments 107 548843832 5129382%* 0.0000

Block 12 17040747 1420062%* 0.0017

Genotypes 17 225912375 13288963 ** 0.0000 34.57
Environments 5 211160152 42232030%** 0.0000 32.31
Genotypes x Environments 85 111771306 1314957** 0.0000 17.10
Residuals 45 38302099 851158** 0.0099

Error 204 104742731 513445

Total 323 670627310 2076246

*Significant at P<0.05, **Significant at P<0.01

Table 5: Partitioning of genotype x environment interaction with AMMI model for grain yield in rice

Source of variation df SS MMS % Explained

Varieties x Environments 85 111771306 1314957**

IPCAI 21 25652925 1221568** 34.4

IPCA2 19 23326828 1227728** 31.3

IPCA3 17 13478753 792868** 18.1

IPCA4 15 9101972 606798** 12.2

IPCAS 13 2954188 227245%* 4
**Significant at P<(.01

Table 6: Partitioning of genotype x environment interaction with GGE model for grain yield in rice

Source of variation df SS MMS % Explained

IPCA1 21 157418863 7496136** 69.9

IPCA2 19 25446919 1339312%* 11.3

IPCA3 17 22943248 1349603 ** 10.2

IPCA4 15 9109878 607325** 4

IPCAS 13 7251639 557818** 3.2

IPCA6 11 2953691 268517** 1.3
**Significant at P<0.01

vector from origin. GGE Bi-plot environment view
depicted that Rudrur (E4), Kunaram (E2) and
Rajendranagar (E5) locations were relatively ideal

indicating that they were poor and most
discriminating. The lengths of environment vectors
from the biplot origin are proportional to the
standard deviation within each environment and
thus represent the discriminating ability of the
environments (Yan and Tinkler, 2006). Similarly,
Zewdu et al. (2020) revealed that E6, E1, E3 and
E2 with short environmental vectors, did not exert
strong interactive forces and had a strong
contribution to the stability of the genotype, while
those with long spokes (E4 and ES5) indicate the
high discriminating ability of these environments.

The angle between the environment line and the
average-environment axis (AEA), which passes
through the average environments and biplot origin,

(Fig. 3) with less vector length from origin.
Conversely, Jagtial (E1), Kampasagar (E3) and
Warangal (E6) locations had longest vectors and
indicates  the  representativeness of  each
environment. Depending on  direction of
environments dispersion, more similarities were
noticed among Kunaram (E2), Kampasagar (E3)
and Rudrur (E4), Warangal (E6) whereas Jagtial
(E1) location seems to be little divergent. Yan and
Kang (2003) reported that the distances from the
biplot origin were indicative of the amount of
interaction  exhibited by  genotypes over
environments or environments over genotypes.

Mean performance and stability of genotypes
The genotype KNM 2307 (G16) was identified as
ideal genotype followed by KPS 6251 (G15) and
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Table 7: Mean grain yield and principal component scores of AMMI and GGE for rice genotypes

Genotype/ Details of . Interaction Principal Component Scores
Environment Genotype/ Mean Grain AMMI GGE
code Environment vield (kg/a) Mpca1  [1pcaz | IPCAT | IPCAZ
Gl JGL 24497 6274 -5.36 -15.25 -1941.49 464.22
G2 RDR 1162 5555 -30.55 4.99 -37.31 1748.46
G3 RNR 15048 4911 3.54 -7.34 1282.78 -203.52
G4 JGLH 169 4878 16.49 18.99 1367.74 -1140.52
G5 RNR 23595 5619 -1.27 13.00 -399.70 17.04
G6 RDR 1188 3744 -1.50 8.25 4385.11 -185.79
G7 IBT R9 4773 -26.19 -6.54 1698.61 1544.45
G8 MTU 1010 6443 -12.32 1.79 -2469.68 843.33
G9 JGL 20776 6340 8.75 -1.22 -2416.91 -348.56
G10 WGL 1119 5588 -6.47 1.98 -453.31 437.48
Gl1 RNR 26241 5033 21.54 -18.90 973.95 -1208.47
Gl12 KNM 2305 6803 24.76 -13.86 -3383.38 -1259.27
Gl13 IBT R4 4240 0.88 -21.85 2938.26 -25.48
Gl4 WGL 962 5007 -2.42 -1.02 1176.14 82.22
Gl15 KPS 6251 6346 -3.43 -2.63 -2235.62 324.95
Gl16 KNM 2307 6393 0.80 -9.94 -2325.29 105.94
G17 US 314 5614 16.32 31.63 -196.06 -1222.04
G18 IBT R8 4635 -3.55 17.91 2036.17 25.54
El Jagtial 6451 49.36 -10.49 -0.45 -0.78
E2 Kunaram 4492 -9.38 -4.48 -0.34 0.16
E3 Kampasagar 6262 -5.15 -28.69 -0.53 0.20
E4 Rudrur 5507 -17.15 -13.81 -0.27 0.28
E5 Hyderabad 5697 8.19 46.34 -0.36 -0.22
E6 Warangal 4324 -25.87 11.14 -0.45 0.45
AMMI1 Biplot GGE Biplot-Genotype View for Gy.ha

FCA=34 4% FC1=562.8%; PC2=11.3%
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Figure 1: Means of genotypes (G) and environments
(E) against their respective IPCA1 scores for grain
yield in rice using AMMI-1 model.

Figure 2: GGE biplot genotype view for grain yield in
rice.

249

Environment Conservation Journal



Mohan et al.

GGE Biplot-Environment View for Gyw.ha
PCA1=69.9%; PC2=11.3%
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Figure 3: GGE biplot environment view for grain
yield in rice.
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Figure 4: GGE biplot genotype view with AEA axis
for grain yield in rice.

What-won-where Biplot for Gy.ha
FCA=50.0%; PC2=11.3%

E1

e,
T

FCZ

a4 %3
o @13
G158 g1

40 =20 o 20 40

Figure 5: What-won-where biplot for 18 genotypes
and six locations in rice.

JGL 20776 (G9) with relatively higher mean yield
and good stability. Though the genotype, KNM
2305 (G12) had highest mean grain yield, found to
be relatively not stable across locations falling out
of the 2" concentric circle (Table 7 & Fig. 4).
Further, the genotypes RDR 1162 (G2) and US 314
(G17) were found to be unstable across locations
with more dispersion from AEA axis and also
recorded relatively less mean grain yield. Xing et
al. (2021) reported that Suwon-2010 (temperate)
and IRRI-2010 (tropical) locations were the most
representative for thousand grain weight and grain
yield, respectively.

What-won-where Bi-plot

What-won-where view of the GGE Bi-plot is the
best model for multi-environment data for
classifying the environments and also to select best
performing genotype in each (Yan et al., 2000).
Genotypes located on the vertices of the polygon
performs either the best or the poorest in one or
more environments. The biplot view classified that
KNM 2305 (G12) and US 314 (G17) were the best
performing genotypes in Jagtial (E1) and
Rajendranagar (ES) locations (Fig. 5). Similarly,
the genotypes MTU 1010 (G8) was found to have
good performance in Rudrur (E4) and Warangal
(E6) locations. Earlier Chandramohan et al. (2021)
found that the hybrids, JGLH 337 (G3), JGLH 275
(G11) at Jagtial (E1) whereas RNRH 98 (G7),
JGLH 373 (G12) at Warangal (E6) locations were
performed well while the hybrids, RNRH 99 (G4)
and Bio 799 (G5) fall in separate group with poor
performance in many of the locations. Comparably,
Mary et al. (2019) reported that the biplot for yield
during the wet season showed that G10 was the
winner genotype in E4 and G7 in E8 and E9.

Conclusion

The results clearly conclude that expression of the
grain yield was affected significantly by
environments and interaction of genotypes with
environments. The genotypes, KNM 2305 (G12),
KNM 2307 (G16) and JGL 20776 (G9) were
recorded higher mean grain yield with positive
IPCA1 scores whereas KNM 2307 (G16) and RNR
23595 (G5) were plotted near to zero IPCA1 axis
indicating that these genotypes were relatively
more stable across locations. However, GGE Bi-
plot genotype view depicts that the genotypes viz.,
RDR 1188 (G6) and KNM 2305 (G12) were known
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as highly unsteady across locations with longest
vector from origin. Further, among environments
Rudrur (E4), Kunaram (E2) and Rajendranagar
(ES) locations were relatively identified as ideal to
realize good yield whereas Jagtial (El),
Kampasagar (E3) and Warangal (E6) locations
were poor and most discriminating. Among the six
locations, more similarities were depicted among
Kunaram (E2), Kampasagar (E3) and Rudrur (E4),
Warangal (E6) though they belong to different
agro-climatic zones of Telangana state and hence
among them, two locations could be eliminated as
testing centres to save resources. What-won-where
Bi-plot clearly demonstrated that the genotypes,
KNM 2305 (G12) and US 314 (G17) were
performed better at Jagtial (E1) and Rajendranagar
(E5) while MTU 1010 (G8) was found to have
good performance in Rudrur (E4) and Warangal

References

Amiri, R., Bahraminejad, S., Sasani, S., Jalali-Honarmand, S.,
& Fakhri, R. (2015). Bread wheat genetic variation for
grain's protein, iron and zinc concentrations as uptake by
their genetic ability. European Journal of Agronomy, 67,
20-26.

Anonymous, (2019). FAOSTAT. Food and Agriculture
Organization of the United Nations, Rome, Italy. http://
www.fao.org/faostat/en/#data/QCL.

Anonymous, (2021). Telangana State Statistical Abstract.
Telangana State Development Planning Society, Planning
Department, Government of Telangana pp: 102.

Balakrishnan, D., Subrahmanyam, D., Badri, J., Raju, A. K.,
Rao, Y. V., Beerelli, K., Mesapogu, S., Surapaneni, M.,
Ponnuswamy, R., Padmavathi, G., Ravindra Babu, V., &
Neelamraju, S. (2016). Genotype x Environment
Interactions of Yield Traits in Backcross Introgression
Lines Derived from Oryza sativa cv. Swarna/Oryza nivara.
Frontiers in Plant Science, 7, 1530.

Chandra-mohan, Y., Krishna, L., Sreedhar, S., Satish-Chandra,
B., Damodhar-Raju, Ch., Madhukar, P., Ramya, R.,
Virender-Jeet-Singh, T., & Ramana, M. V. (2021).
Stability Analysis of Rice Hybrids for Grain Yield in
Telangana through AMMI and GGE Bi-plot Model.
International  Journal of Bio-resource and Stress
Management, 12(6), 687-695.

Cordero L, K. (2020). Temperate japonica rice (Oryza sativa
L.) breeding: History, present and future challenges.
Chilean journal of agricultural research, 80, 303-314.

(E6) locations. Considering grain yield and stability
over locations, KNM 2307 (G16) and KPS 6251
(G15) were identified as promising and need to be
advanced for testing at farmers’ fields to enable for
commercial release.

Acknowledgement
The authors are indebted to Professor Jayashankar
Telangana State Agricultural University,

Hyderabad for providing research platform and
financial assistance. Thanks are also owed to
ICAR-IIRR, Hyderabad, India for their assistance
and funding under AICRIP programme to different
Rice Research Centers of Telangana, India.

Contflict of interest
The authors declare that they have no conflict of
interest.

Crossa, J., Gauch, H. G., & Zobel, R. W. (1990). Additive
main effects and multiplicative interactions analysis of two
international maize cultivar trials. Crop Science, 30, 493—
500.

Das, S., Misra, R. C., Patnaik, M. C., & Das, S. R. (2010). GXE
interaction, adaptability and yield stability of mid-early rice
genotypes. Indian Journal of Agricultural Research, 44(2),
104-111.

Gauch, H. G., Piepho, H. P., & Annicchiarico, P. (2008).
Statistical Analysis of Yield Trials by AMMI and GGE:
Further Considerations. Crop Science, 48, 866—889.

Gauch, H. G., & Zobel, R. W. (1996). AMMI analysis of yield
trials. In: Kang, M.S., Gauch, H.G. (Eds.), Genotype-by-
environment interaction. Boca Raton, FL, CRC Press, Pp,
85-122.

GenStat, (2012). GenStat for Windows. Fifteenth Edition. VSN
International Ltd., Oxford.

IRRI, (2014). Plant Breeding Tools (PB Tools), Version: 1.4,
International Rice Research Institute, Los Banos.

Kempton, R. A., Fox, P. N., & Cerezo, M. (2012). Statistical
Methods for Plant Variety Evaluation; Springer Science &
Business Media: Berlin, Germany, ISBN 978-94-009-1503-
9.

Mabhalingam, L., Mahendran, S., Chandra-Babu, R., & Atlim,
G. (2006). AMMI Analysis for Stability of Grain Yield in
Rice (Oryza sativa L). International Journal of Botany,
2(2), 104-106.

251

Environment Conservation Journal



Mohan et al.

Mary, A. L. A., Mallikarjuna-Swamy, B. P., Amparado, A. F.,
Gwen-Iris, L. D. E., Emily, C. A., & Reinke, R., (2019).
Stability and GGE analysis of zinc-biofortified rice
genotypes evaluated in diverse environments. Euphytica,
215, 1-17.

Mohammadi, M., Karimizadeh, R., Hosseinpour, T., Falahi, H.
A., Khanzadeh, H., & Sabaghnia, N. (2012). Genotype X
Environment interaction and stability analysis of seed yield
of durum wheat genotypes in dryland conditions. Notulae
Scientia Biologicae, 4, 57-64.

Nachit, M. M., Nachit, G., Ketata, H., Gauch, H. G., & Zobel,
R. W. (1992). Use of AMMI and linear regression models

interactions in sorghum multi-location data. Euphytica, 185,
465-479.

Rao, P. J. M., Kishore, N. S., Sandeep, S., Neelima, G., Rao, P.
M., Das, D. M., & Saritha, A. (2020). Evaluation of
performance and yield stability analysis based on AMMI
and GGE-biplot in promising Pigeonpea [Cajanus cajan
(L.) Millspaugh] genotypes. Legume Research, LR- 4299,
1-7

Umma, K. M., Hasan, M., Jamil-Akter, A., Rahman, H., &
Biswas, P. (2013). Genotype-environment interaction and
stability analysis in hybrid rice: an application of additive
main effects and multiplicative interaction. Bangladesh
Journal of Botany, 42(1), 73-81.

Xing H., Jang, S., Kim, B., Piao, Z., Redona, E,. & Koh, H. J.
(2021). Evaluating Genotype x Environment Interactions of
Yield Traits and Adaptability in Rice Cultivars Grown
under Temperate, Subtropical and Tropical Environments.
Agriculture, 11, 558.

Xu, L., Yuan, S., & Man, J. (2020). Changes in rice yield and
yield stability in China during the past six decades. Journal
of the Science of Food and Agriculture, 100, 3560-3569.

to analyze genotype-environment interaction in durum
wheat. Theoretical and Applied Genetics, 83, 597-601

Olivoto, T., Lucio, A. D. C., Da-Silva, J. A. G., Sari, B. G., &
Diel, M. 1. (2019). Mean Performance and Stability in
Multi-Environment Trials II: Selection Based on Multiple
Traits. Agronomy Journal, 111, 2961-2969.

Rakshit, S., Ganapathy, K. N., Gomashe, S. S., Rathore, A.,
Ghorade, R. B., Nagesh-Kumar, M. V., Ganesmurthy, K.,
Jain, S. K., Kamtar, M. Y., Sachan, J. S., Ambekar, S. S.,
Ranwa, B. R., Kanawade, D. G., Balusamy, M., Kadam,
D., Sarkar, A., Tonapi, V. A., & Patil, J.V. (2012). GGE
biplot analysis to evaluate genotype, environment and their

Yan, W. (2016). Analysis and Handling of G x E in a Practical
Breeding Program. Crop Science. 56, 2106-2118.

Yan, W., & Tinker, N. A. (2006). Bi-plot analysis of multi-
environment trial data: Principles and applications.
Canadian Journal of Plant Science, 86(3), 623-645.

Yan, W., Hunt, L.A., Sheng, Q., & Szlavnics, Z. (2000).
Cultivar Evaluation and Mega-Environment Investigation
Based on the GGE Bi-plot. Crop Science, 40, 597-605.

Yan, W., & Kang, M.S. (2003). GGE Bi-plot Analysis: a
Graphical Tool for Breeders, Geneticists and Agronomists.
Boca Raton, FL: CRC Press.

Zewdu, Z., Abebe, T., Mitiku, T., Worede, F., Dessie, A., Berie
A., & Atnaf, M. (2020). Performance evaluation and yield
stability of upland rice (Oryza sativa L.) varieties in
Ethiopia. Cogent Food & Agriculture, 6, 1-13.

Publisher's Note: ASEA remains neutral with regard to
jurisdictional claims in published maps and figures.

252

Environment Conservation Journal



