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ABSTRACT

Genotype x environment interaction of wheat genotypes had been deciphered by AMMI, BLUP and Non parametric measures.

Analysis revealed the highly significance of the G×E interaction which further bifurcated  in seven interaction principal

components accounted for78.7% of total interaction variation. Measures (ASV1and ASV) based on first two IPCAs recommended

G1, G12, G9 and G12, G1, G14 genotypes respectively. MASV and MASV1 measures had been utilized seven significant IPCAs

recommendedG14, G1, G11   and G14, G11, G7 wheat genotypes for this zone respectively. BLUP-based measure, HMGV

settled for G3,  G8,  G12 while RPGV measure favouredG3, G8, G4 and HMRPGV selected G3, G8, G4 genotypes. Non

parametric composite measures NP
i

 (1) observed suitability ofG11, G1, G3 whereas NP
i

 (2)selected G11, G1, G9  while NP
i

 (3)

identified G11, G1, G9 genotypes. Genotypes G11, G1, G9 were of choice by NP
i

 (4). The biplot analysis of considered measures

observed seven clusters. ASV joined hands with ASV1, IPC1, IPC3, IPC5 along with NP
i

 (2)  in one cluster. Mean yield formed

cluster with HMGV, RPGV HMRPGV i.e. BLUP based measures.

Keywords : AMMI, BLUP,  Biplot analysis, NP
i
(s), S

i
(s), Spearman rank Coefficient

Stable and high-yielding varieties of cereal and other
crops had been identified by researchers to aspiring
farmers to sustain the higher yield of the country
(Anuradha et al., 2022).  In general, wheat breeders put
forward widely adaptable suitable genotypes especially
in changing climatic conditions (George and Lundy,

2019).Complexity of yield, expressed by many
quantitative genes, mechanism to decipher the genotype
× environment interaction (GxE)under multi-
environment trials (METs) have much significance for
breeders (Ahakpaz et al., 2021). Several approaches have
been recommended over the years to analyze genotype
x environment interaction, including additive main
effects and multiplicative interaction (AMMI) biplots
(Bocianowski et al., 2021). AMMI Stability Index (ASI)
and AMMI stability value (ASV) using two PCs and
Modified AMMI stability value (MASV), using all the
significant principal components were also advocated
to demonstrate the stability (Gerrano et al., 2020). Best
linear unbiased prediction (BLUP)- measures viz.
harmonic mean of genotypic values (HMGV), relative
performance of genotypic values (RPGV), and harmonic
mean of relative performance of genotypic values
(HMRPGV), were  utilized (Gonçalves et al., 2020).
Several distribution-free nonparametric measures S

i
1S

i
2

S
i
3 S

i
4 S

i
5 S

i
6 S

i
7 and composite measures NP

i
 (1), NP

i
 (2),NP

(3), NP
i
 (4) have been already suggested in the literature.

Comparative assessment of all the measures suggested
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for GxE interactions studies was lacking in literature and
present study was planned to look after any type of
significance in association among the multivariate. Best
linear unbiased predictors and non parametric measures
for the wheat genotypes evaluated in Peninsular zone of
the country.

MATERIALS AND METHODS

Field trials were conducted in research center of All
India Coordinated Research Project for promising
fourteen wheat genotypes during 2020-21 cropping
season. Randomized block design with four replications
laid out for field evaluations. Experimental details of
locations and parentage of genotypes had been
elaborated in Table 1 for ready reference. The
recommended agronomical practices for zone were
followed in total to ensure good harvest of the yield.
Various non parametric and parametric measures for
assessing GxE interaction and stability analysis had been
mentioned by Pour-Aboughadareh et al., 2019  and
mentioned below for completeness:

Non parametric composite measures NP
i
(1), NP

i
(2),

NP
i
(3) and NP

i
(4) were based on the ranks of genotypes as

per yield and corrected yield of genotypes. In the
formulas, r*

ij
 was the rank of X*

ij
   and M

di
 were the mean

and median ranks for original (unadjusted) grain yield,
where * and M*

di
 were the same parameters computed

from the corrected (adjusted) data.
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The correction for yield of ith genotype in jth environment as  as X*
ij
, was the corrected

phenotypic value; was the mean of ith  genotype in all environments and was the grand mean.

Non parametric composite measures NP
i
(1), NP

i
(2), NP

i
(3) and NP

i
(4) were based on the ranks of genotypes as per yield

and corrected yield of genotypes. In the formulas, r*
ij
 was the rank of X*

ij
, and  and M

di
 were the mean and median

ranks for original (unadjusted) grain yield, where and M*
di
 were the same parameters computed from the corrected

(adjusted) data.

ASV ASV = 

ASV1 ASV1 = 

Modified AMMI stability Value

HMGV
i

=  Number of environments /  

GV
ij 
genetic value of ith genotype in jth environments

Relative performance of genotypic RPGV
ij
 = Σ GV

ij
 /  Σ GV

j

values across environments

Harmonic mean of Relative HMRPGV
i.
 =  Number of environments / 

Performance of genotypic values

Geometric Adaptability Index  GAI = 

AMMISOFT version 1.0 software was utilized for AMMI analysis of data sets and SAS software version 9.3 for
further analysis.
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Table 2: GxE analysis of evaluated wheat genotypes

Source Degree of Mean Sum Significance Contribution GxE interaction Cumulative Sum of

freedom of Squares level of factors (% ) Sum of Squares (% ) Squares(%) by IPCA’s

Treatments 195 329.53  *** 24.90
Genotype (G) 13 279.05 *** 1.66
Environment ( E ) 13 3668.49 *** 1.66
GxE interaction 169 76.57 *** 21.58

IPC1 25 205.82 *** 14.79 14.79
IPC2 23 98.25 *** 13.61 28.40
IPC3 21 77.62 *** 12.43 40.83
IPC4 19 69.19 *** 11.24 52.07
IPC5 17 48.98 *** 10.06 62.13
IPC6 15 38.70 *** 8.88 71.01
IPC7 13 40.30 * 7.69 78.70

Residual 36 18.12
Error 588 18.73
Total 783 96.13

RESULTS AND DISCUSSION

AMMI analysis

Highly significant effects of GxE interactions
(21.6%), both environments and genotypes with 1.7%
variation for yield (Table 2). This revealed that the testing
sites were more diverse for the variation in grain yield
observed by the genotype (PourAboughadareh et al.,

2022). Since the AMMI model revealed the significance
of the G×E interaction and first seven Interaction
principal components showed 78.7% significant
variation at P <0.01 and AMMI 1explained a total
variation of 14.8%, followed by 13.6% for AMMI 2,
12.4% for AMMI 3,  11.2% for AMMI 4, AMMI 5
contributed 10.1% followed by 8.9% and 7.7% by
AMMI 6 and AMMI 7, respectively. The first two AMMI
components in total showed 28.4% of the total variation
indicating the two AMMI components well fit and
confirmed the use of AMMI model. G×E signal and G×E
noise sums of squares were 79.2% and 20.8% of total
interactions, respectively.  Early IPCs selectively capture
signal, and late ones noise. Accordingly, this much signal
suggests AMMI 6 or maybe AMMI 7. Narrow
adaptations for genotype effects were governed by the
fact that GxE-signal sum of squares was 2.82 times and
GxE-noise accounted only 0.74 times the genotypes
(Vaezi et al., 2018). More over the first interaction
principal component was only 1.42 times the genotypes
main effects.

Ranking of genotypes as per measures

Since the genotypes yield expressed highly
significant variations, and G3, G4, G8 were higher while
lowest was by G9 (Table 3). The stability or adaptability

of genotypes were also assessed by values of IPCAs.
The, greater the IPCA scores reflect the specific
adaptation of genotype to certain locations. While, the
values approximate to zero were recommended for in
general adaptations of the genotype (Sousa et al., 2020).
Absolute IPCA-1 scores pointed for G1, G9, G12. While
for IPCA-2, G12,  G14,G1   would be genotypes of
choice (Table 4). Values of IPCA-3 favoured G4,G3,
G7 genotypes. As per IPCA-4, G1, G5,G4 genotypes
would be of stable performance.  Genotypes G13, G14,
G5      were selected as per IPCA5 while values of IPCA
6 pointed for G13, G6, G3 and finally IPCA 7 observed
suitability of  G14, G9, G12. First two IPCAs in ASV
&ASV1 measures utilized 28.4% of G×E interaction sum
of squares. ASV1 measures settled for G1,G12, G9 and
ASV pointed G12, G1, G14 genotypes for stable
performance. Adaptability measures MASV and
MASV1considered all seven significant IPCAs of the
AMMI analysis. Values of MASV1 identified
G14,G1,G11genotypes  express stable yield whereas
genotypes G14,G11,G7  be of stable yield performance
by MASV measure respectively. BLUP based measures
consider the randomness of the genotypic effects (Silva
et al., 2019). Average yield of genotypes pointed towards
G3,G8, G4 as high yielders. More over the values of
corrected GAI favored G3,G8,G4. Least values of
standard deviation were observed for the consistent yield
of  G13,G12,G2  more over the values of CV identified
G7,G8,G12 genotypes for Peninsular zone of the country.
The HMGV identified G3,G8,G12 while values of
RPGV favoured G3,G8,G4 and HMRPGV estimates
selected G3,G8, G4 genotypes. HMGV, RPGV, and

Comparative analysis of genotype x environments interaction
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Verma and Singh

Fig. 1: Biplot analysis of AMMI, BLUP and non parametric measures

Fig. 2: Clustering pattern of AMMI, BLUP and non parametric measures
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HMRPGV measures had the same genotypes as per
ranking that was reported by Gonçalves et al.(2020);
Anuradha et al. (2022).

Non parametric composite measures

Measure S
i
1 selected G11, G1, G3 while S

i
2  favoured

G1, G11, G3 as per values of  S
i
3 desirable genotypes

would be G11 , G1, G3. Values of measure  S
i
4    identified

G1 , G 11,  G3  and measure S
i
5 pointed towards G 11,

G1, G 3 while S
i
6 observed suitability of  G11, G3,  G1

genotypes and lastly S
i
7 values identified G1, G13, G 14

genotypes (Table 4). These measures determines the
stability of genotype in biological concept over
environment (Mehraban et al.,2019). Non parametric
NP

i
 (1) measure observed suitability of G11,G1, G3

whereas as per NP
i
 (2),   genotypes G 11, G1, G9  would

be of choice while NP
i
 (3)  identified G11, G1, G9 . Last

composite measure NP
i
 (4) found G11, G1, G9  as

genotypes of choice for this zone

Biplot analysis of measures

The first two significant PCs have explained about
60% of the total variation in the AMMI, BLUP and non
parametric measures(Table 5) with respective
contributions of 33.7 and 26.3 by PC1 and PC2.
Measures NP

i
 (3) , NP

i
 (4) , RPGV, BLGM, HMGV

accounted more of share in PC1 whereas S
i
6 , S

i
1 , S

i
2 , S

i
4

, S
i
5, NP

i
 (1) contributed more in PC2. The association

analysis among measures had been explored with the
biplot analysis.  In the biplot vectors of measures
expressed acute angles would be positively correlated
whereas those achieved obtuse or straight line angles
would be negatively correlated. Independent type of
relationships had expressed by right angles between
vectors. NP

i
 (3) ,NP

i
 (4)  showed very tight positive

relationships with ASV, ASV1, IPC1, IPC5. Average
yield maintained strong direct relationship with BLUP
based measures and NP

i
(2). MASV and MASV1 exhibited

direct relation with IPC6. Non parametric measure NP
i
(1)

achieved strong relation with other non parametric
measures, S

i
1 ,S

i
2 , S

i
3 S

i
4 , S

i
5, S

i
6 , S

i
7 . This group of

measures had no relationship with BLUP based measures
as evident with right angles among vectors of respective
measures. IPC2 and IPC7 expressed no relation with
MASV and MASV1 measures (Fig. 1). In total seven
clusters of  studied measures had been observed in biplot
analysis (Fig. 2). Smallest cluster comprises of
NP

i
(3)&NP

i
(4) measures and second comprised of IPC4

with BLStdev. Two clusters consisted on three measures
MASV, MASV1, IPC6; IPC2, IPC7, BLCV measures.

Comparative analysis of genotype x environments interaction

ASV joined hands with ASV1, IPC1, IPC3, IPC5 along
with NP

i
(2) in large sized cluster, besides with cluster of

mean yield with BLUP based measures. Furthers cluster
comprises of S

i
1 ,S

i
2 , S

i
3 S

i
4 , S

i
5, S

i
6 , S

i
7  with NP

i
(1).

Spearman rank correlation analysis

Average yield had expressed direct and indirect
relationships with measures (Table 6). It was notably
positive with IPC2, IPC7, BLAvg, BLGM, HMGV,
RPGV, HMRPGV and negative with NP

i
(2), NP

i
(3), NP

i
(4).

AMMI based measures ASV and ASV1 showed only
weak to moderate direct and indirect with measures
(Anuradha et al.,2022). Measures considered all
significant IPC’s showed moderate to strong positive
correlation values (S

i
1, S

i
2, S

i
3 S

i
4, NP

i
(2)NP

i
(3), NP

i
(4) along

with weak negative values. BLUP based measures
maintained weak relation with other measures and strong
to moderate negative correlation with non parametric
measures. S

i
s exhibited weak to moderate correlation

negative values with other measures whereas it was
strong and positive with NP

i
(s), S

i
4, NP

i
(3)NP

i
 (4) (Pour

Aboughadareh et al., 2022). Lastly composite non
parametric measures expressed strong negative values
with mean IPC2 while positive with IPC5, IPC6, IPC7
measures. Strong negative with BLUP based measures
were also evident from correlation table. Highly positive
relation was observed with S

i
s  as well as among

themselves.

CONCLUSION

Modeling of genotype x environment interaction
under multi environment trials needs merit to assess the
phenotypic stability of the promising genotypes for a
range of environmental conditions. Quite number of
measures started from multivariate approach AMMI as
compared to joint regression analysis to BLUP based
and computationally easy non parametric had been
compared in current study. Association analysis among
measures as per ranking of genotypes to corresponding
measures observed measures considered all significant
interaction principal components showed moderate to
strong positive correlation values with non parametric
measures. Besides BLUP based measures maintained
strong to moderate negative correlation with non
parametric measures
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