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Abstract

Highly significant effects of the environment (E), GxE interaction, and geno-
types (G) had been observed by AMMI analysis for wheat genotypes eva-
luated under restricted irrigated timely sown multi-location trials in Peninsu-
lar zone of the country during 2018-19 and 2019-20 cropping seasons. Rank-
ing of genotypes had changed with the number of interaction Principal
Component Axes (IPCA’s) included for the calculation of Additive Main and
Multiplicative Interaction (AMMI) based as well as Weighted Average of
Absolute Scores (WAASB) stability measures. The Superiority indexes while
assigning more weights to yield as compared to stability measures pointed out
wheat genotypes MACS6695, HI1605, NIAW3170 & MACS6696 would
maintain high yield and stable performance for the first year. Adaptability
measures as per various averages expressed deviation from other measures
and maintained right angle with MASV1 and stability measures. Moreover,
the Superiority indexes as per various averages clustered in the same qua-
drant. Second-year of the study observed MP1358, NIAW3170, NIDW1149,
MACS4087 wheat genotypes pointed by Superiority indexes. Adaptability
measures as per arithmetic, geometric and harmonic means expressed strong
bondage and grouped in a separate quadrant. This cluster maintained the
right angle with stability measures and cluster of Superiority indexes as per
various averages placed in a different quadrant. Superiority indexes would
provide the reliable estimates of genotype performance in future studies in a
biplot as considered all of significant IPCA’s.
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1. Introduction

An efficient assessment of GXE interaction had been emphasized to determine
the yield potential and stability of the genotypes under multi location trials [1].
Earlier the regression techniques employed for the analyses of GXE interaction
adequately described the linear behavior of genotypes over different environ-
ments [2]. AMMI model had been proved as a useful analytic approach for li-
near and non-linear response of genotypes over the environmental conditions
[3] [4]. Prediction of genotypes yield behaviour would be better explained by
genotype’s random interaction with a specific environment [5]. The prediction
of random variables has been carried out by Best Linear Unbiased Prediction
(BLUP) [6]. The need was felt to employ better models and techniques like,
AMMI and BLUP for valid and meaningful predictions about genotypic perfor-
mance [7]. Usually these two analytic approaches have been used separately in
the field evaluation of genotypes under multi location trials [8]. The simultane-
ous consideration of yield and stability in a single measure had been advocated
[9]. Simultaneous Selection Indices had been developed by adding the corres-
ponding ranks as per stability measure and yield performance of genotypes [10],
[11]. The benefits of these two important techniques incorporated into a Supe-
riority Index measure for the stability and adaptability of genotypes [12]. The
present study dealt with the analysis of GxE interaction with emphasis on yield
stability by AMMI along with BLUP techniques for restricted irrigation evalua-
tion of wheat genotypes in the Peninsular zone of India.

2. Materials and Methods

Maharashtra and Karnataka states jointly represent the Peninsular zone and
three species of wheat viz 7. aestivum, T. durum, and T. dicoccum are cultivated
in this zone. Twelve promising wheat genotypes under advanced trials were
evaluated at eight major locations and ten genotypes at eight locations during
2018-19 and 2019-20 respectively. Field trials were laid out in randomized com-
plete block designs with four replications. Recommended agronomic practices
were followed to harvest good yield. The location details and parentage of eva-
luated genotypes were reflected in Table 1 & Table 2 for ready reference.
Stability measure as Weighted Average of Absolute Scores has been calculated as

WAASB=Y"" [IPCA, xEP,|/3} EP,

where WAASB, was the weighted average of absolute scores of the ith genotype
(or environment); IPCA ; the score of the ith genotype (or environment) in the
kth IPCA, and EP, was the amount of the variance explained by the kth IPCA.
Superiority index allowed variable weights to yield and stability measure
(WAASB) to select genotypes that combine high performance and stability as
(rG;x 8, )+(rw, x ;) )

(6, +65) ’
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Table 1. Details of location and parentage of evaluated wheat genotypes (2018-19).

Code Genotype Parentage Location  Latitude Longitude Mean sea level
Gl NIAW3170 (SKOLL/ROLF07) Niphad 20°4'N 74°6'E 551
G2 GW1346 (GW1236/AR06-3) Pune 18°31'N 73°51'E 562
G3 MACS4058 (MACS3125/AKDW2997-16//MACS3125) Parbhani 19°15'N 76°46'E 413
G4 DBW93 (WHEAR/TUKURU//WHEAR) Savalivihir ~ 19°48'N 74°27'E 519.42
G5 HI8805 (IWP5070/HI8638//HI8663) Dharwad 15°27'N 75°0'E 724
G6 AKDW2997-16 (CPAN6140/RAJ1555) Bailahongal 15°48'N 74°51'E 696.61
G7 MACS6695 (NI5439%2/HD2934) Nippani 16°23'N 74°22'E 606
G8 UAS446 (DWR185/DWR2006//UAS419) Bagalkot 16°10'N 75°42'E 524
(BOW/VEE/5/ND/VG9144//KAL//BB/3/YACO/4/CHIL/6/
G9 HI1605 CASKOR/3/CROC_1/A.SQUARROSA(224)//OPATA/7/
PASTOR//MILAN/KAUZ/3/BAV92
G10 MACS6696 (NI5439/HD2934)
G11 NIDW1149 (NIDW295/NIDW15)
GI12 HI8802 (HI8627/HI8653)
Table 2. Details of location and parentage of evaluated wheat genotypes (2019-20).
Code Genotype Parentage Location  Latitude Longitude Mean sea level
Gl NIDW1149 (NIDW295/NIDW15) Niphad 20°4'N 74°6'E 551
G2 UAS446 (DWR185/DWR2006//UAS419) Pune 18°31'N 73°51'E 562
(BOW/VEE/5/ND/VG9144//KAL//BB/3/YACO/4/CHIL/6/
G3 HI1605 CASKOR/3/CROC_1/AE.SQ(224)//OPATA/7/PASTOR//  Parbhani 19°15'N 76°46'E 413
MILAN/KAUZ/3/BAV92
G4 MACS4087 (MACS3 12S/NG_87(DSIJ/gﬁ)j:/BIIAGAYELLOW)// Nashik 19°59'N 73°47'E 583
G5 MP1358 (KACHU*2/MUNAL#1/K1215) Savalivihir ~ 19°48'N 74°27'E 519.42
G6 AKDW2997-16 (CPANG6140/RAJ1555) Dharwad 15°27'N 75°0'E 724
G7 HI8805 (IWP5070/HI8638//HI8663) Bailahongal 15°48'N 74°51'E 696.61
G8 UAS472 (BHAGAYELLCI:VJI/;/YGIEZIIL_/I/GARI;;EI/_;NSOMAT_S/S/ Bagalkot 16°10'N 75°42'E 524
G9 MPO1357 (PDWO02/TERTER//GW1133)
G10 NIAW3170 (SKOLL/ROLF07)
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where rG; and rW, were the rescaled values for yield and WAASB, respectively,
for the ith genotype; G;and W, were the yield and the WAASB values for ith ge-
notype. SI superiority index for the th genotype that weighted between yield and
stability, and 6, and ; were the weights for yield and stability assumed to be of
order 65 and 35 respectively in this study,

< SSIPC
(8] Modified AMMI stability Value MASV = |} »(PC,) +(PC,..)’
£SSIPC, ,
rG, x 6, )+(rW, x6.
[12] Superiority Index Sl = M
(6,+6,)
[13] Geometric Adaptability Index GAIl =4/ :71 X,
N-1 2
[14] MASV1 MASV1= |y SSIPC, PC, | +(PC,.)’
£\ SSIPC, ,

Relative performance of genotypic

[15] . PRVG, = VG, /VG,
values across environments
[15] Harmonic mean of Relative MHPRVG, = Number of environments Zk !
performance of genotypic values #PRVG,

AMMI analysis was performed using AMMISOFT version 1.0, available at
https://scs.cals.cornell.edu/people/hugh-gauch/ and SAS software version 9.3.

Stability measures had been compared with recent analytic measures of adapta-
bility calculated as the relative performance of genetic values (PRVG) and har-
monic mean based measure of the relative performance of the genotypic values
(MHPRVG) for the simultaneous analysis of stability, adaptability, and yield
[16].

3. Results and Discussion
3.1. First-Year 2018-19

Highly significant effects of the environment (E), GxE interaction, and geno-
types (G) had been observed by AMMI analysis. Analysis observed the greater
contribution of environments, GXE interactions, and genotypes to the total sum
of squares (SS) as compared to the residual effects. Further SS attributable to
GxE interactions was partitioned as attributed to GxE interactions Signal and
GxE interactions Noise. AMMI analysis is appropriate for data sets where-in SS
due to were of magnitude at least of due to additive genotype main effects [4].
The SS for GxE interactions Signal was higher compared to genotype main ef-
fects, indicated appropriateness of AMMI analysis. Environment explained
about significantly 21.6% of the total sum of squares due to treatments indicat-
ing that diverse environments caused most of the variations in genotypes yield

(Table 3). Genotypes explained only 18% of the total sum of squares, whereas
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GxE interaction accounted for 21.5% of treatment variations in yield. Further
partitioning of GXE interaction revealed that the first six multiplicative terms
explained 99.3 % of interaction sum of squares and the remaining 0.7% residual
was discarded [17].

3.1.1. Ranking of Genotypes Vis-a-Vis Number of IPCA’s

The IPCA scores of genotypes in the AMMI analysis indicated the stability or
adaptability over environments. The greater the IPCA scores, the more specific
adapted is a genotype to certain locations. The more the IPCA scores approx-
imate to zero, the more stable or adapted the genotypes is overall the locations.
The ranking of genotype as per absolute IPCA-1 scores were MACS6695,
HI8805, HI1605, DBW93 (Table 4). While for IPCA-2, genotypes HI8802,
MACS6696, NIDW1149, HI1605 would be of choice. Values of IPCA-3 favoured
HI8802, MACS6696, NIDW1149, HI1605 wheat genotypes. As per IPCA-4,
UAS446, MACS6696, HI8802, NIDW1149 genotypes would be of stable perfor-
mance. Values of IPCA-5 favoured HI8802, UAS446, MACS6695, MACS6696
whereas IPCA-6 measure settled for HI8805, MACS6695, DBW93, GW1346
wheat genotypes as far as locations of the zone.

Analytic measures of adaptability MASV and MASV1 consider all IPCAs of
the analysis. Genotypes HI8802, UAS446, HI1605, DBW93 had been identified
by MASV1 & MASV measure favoured HI1605, HI8805, UAS446, DBW93 ge-
notypes [14].

Table 3. AMMI analysis of wheat genotypes for restricted irrigation timely sown MET’s for 2018-19 & 2019-20.

Source

Treatments
Genotypes (G)
Environments (E)
Interactions GxE

IPC1

IPC2

IPC3

IPC4

IPC5

IPC6
Residual
Error

Total

Degree of
freedom
18-19

95
11
7
77
17
15
13

11

288

383

Degree of Mean Sum Mean Sum Level of Level of
freedom of Squares of Squares significance significance
19-20 18-19 19-20 18-19 19-20
79 100.38 59.24 0.0000000*** 0.0000000***
9 255.71 86.15 0.0000000*** 0.0000000***
7 481.69 347.19 0.0000000*** 0.0000000***
63 43.52 23.40 0.0000094*** 0.0000084***
15 92.90 37.18 0.0000094*** 0.0000084***
13 39.97 28.76 0.0378* 0.0020327**
11 38.14 21.72 0.1569 0.0505548
9 28.75 13.84 0.4686 0.2425696
7 30.66 16.65 0.7027 0.3281205
5 8.94 10.31 0.9825 0.6554473
3 4.40 3.64 0.9586 0.7923292
240 21.10 10.54
319 40.77 22.60
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Table 4. Modified AMMI stability values as per significant IPCA’s 2018-19.

Genotype IPCA1 IPCA2
NIAW3170 1.656 1.370
GW1346 —-2.055 -1.299
MACS4058 -2.211 1.037
DBW93 0.409 -1.359
HI8805 0.194 0.919

AKDW2997-16  -1.226 0.806

MACS6695 0.088 0.827
UAS446 0.744 -1.632
HI1605 0.346 -0.605

MACS6696 2.036 —-0.343

NIDW1149 0.872 0.583
HI8802 -0.853 -0.305

IPCA3 IPCA4 IPCA5 IPCA6  MASV1 MASV Ripcar Ryasvi Ryiasv

-1.495 0.045 -1.019 0.306 7.260 4.768 9 10 9
—-0.669 —-0.681 -1.062 -0.249 7.693 4.806 11 11 10
-0.055 0.560 -0.693 -0.392 6.875 4.304 12 9 7
0.101 -0.126 1.038 0.246 5.278 3.226 4 6 4
-0.141 -1.025 0.693 0.216 3.836 2.621 2 4 2
-0.723 -0.569 1.742 -0.459 8.767 4.884 8 12 11
2.797 -0.317 -0.297 —-0.047 5.552 4.723 1 7 8
0.018 0.867 0.293 -0.369 3.745 3.069 5 2 3
0.233 0.148 -0.766 -0.399 3.757 2.117 3 3 1
-0.057 -1.323 -0.359 -0.217 5.982 3.954 10 8 6
—-0.088 1.975 0.419 —-0.330 4.342 3.477 7 5 5
0.079 0.446 0.011 1.695 2.938 332.830 6 1 12

To identify how the ranks of evaluated wheat genotype altered with utilizing
numbers of IPCA in the WAASB estimation, the genotype’s ranks were obtained
while considering 1, 2, ..., 7 IPCA’s in the WAASB calculations. WAASB =
|IPCA1| for using only first IPCA. The genotype with the smallest WAASB value
had been ranked with the first-order. Preferences of wheat genotypes as per W1
were MACS6695, HI8805, HI 1605, DBW93 & W2 measures found same as
MACS6695, HI8805, HI1605, HI8802 as promising genotypes (Table 5). W3
measure settled for HI8805, HI1605, HI8802, DBW93 whereas genotypes
HI1605, HI8805, DBW93, HI8802 identified by W4 values. Lastly, W5 observed
stable performance of HI1605, HI8802, HI8805, DBW93. Finally, stability meas-
ure based on all IPCA’s WAASB settled for HI1605, HI8805, HI8802, DBW93
genotypes for considered locations of the zone for stable high yield. The geno-
types ranking was altered with use of number of IPCAs were included in the
WAASB estimation. This reinforced the benefits of using the WAASB measure
as it captured the more variations of IPCAs to compute the stability [12].

3.1.2. Stable Productive Genotypes by AMMI & BLUP

An average yield of genotypes selected NIAW3170, MACS6695, MACS6696,
HI1605 wheat genotypes (Table 6). This method is simple, but not fully exploit-
ing all information contained in the dataset. A geometric mean is used to eva-
luate the adaptability of genotypes and genotypes with high GM will be desira-
ble. Geometric mean top-ranked NIAW3170, MACS6695, MACS6696, HI1605

DOI: 10.4236/as.2021.123013

203 Agricultural Sciences


https://doi.org/10.4236/as.2021.123013

A.Verma, G. P. Singh

Table 5. Weighted average of absolute scores and ranks of wheat genotypes 2018-19.

Genotype w1 w2 w3 W4 W5  WAASB Ry, Ry» Ry, Ry Ryws  Ryanss
NIAW3170 1.656 1570 1553 1336 1294  1.257 9 10 11 11 11 11
GW1346 2055  1.827 1569 1441 1391  1.348 11 11 12 12 12 12
MACS4058 2211  1.857 1456 1327 1242 1211 12 12 10 10 10 10
DBW93 0409  0.695 0563  0.500  0.571  0.559 4 5 4 3 4 4
HI8805 0.194  0.412 0351 0448 0481 0471 2 2 1 2 3 2
AKDW2997-16 1226  1.100 1016 0951  1.057  1.034 8 8 8 8 8 8
MACS6695 0088 0310 0865 078 0721  0.696 1 1 7 5 5 5
UAS446 0744 1011 0789  0.801 0733  0.719 5 7 6 6 6 6
HI1605 0346 0424 0382 0348 0404  0.403 3 3 2 1 1 1
MACS6696 203 1526 1199 1217 1103  1.069 10 9 9 9 9 9
NIDW1149 0.872  0.785  0.630  0.823 0769  0.753 7 6 5 7 7 7
HI8802 0853  0.688 0552 0537 0467  0.513 6 4 3 4 2 3

Ryi> Rwas Ruwas Ry Ryyss Rives Rwaass = Rank of genotypes as per number of IPCA’s in WAASB values.

Table 6. Superiority index and adaptability measures of genotypes 2018-19.

Genotype AMu Rk Slau Rk GMu Rk SIgu Rk HMu Rk SIhu Rk RPGVu Rk MHRPGVu Rk

NIAW3170 34.28 1 68.37 3 34.12 1 68.37 3 33.97 1 68.37 4 1.1136

—

1.1017 1

GW1346 27.82 12 0.00 12 27.34 12 0.00 12 26.80 12 0.00 12 0.8950 12 0.8794 12

MACS4058 29.44 9 21.43 11 29.24 9 23.26 11 29.01 9 25.19 11 09537 9 0.9439 9

DBW93 30.46 7 55.84 7 30.14 7 56.05 7 29.78 7 56.32 7 097% 7 0.9767 7

HI8805 31.05 6 65.04 4 30.96 6 67.17 4 30.86 6 69.33 3 1.0056 6 1.0039 6

AKDW2997-16  29.20 10 25.55 10 29.00 10 27.54 9 28.78 10 29.60 9 09450 10 0.9374 10

MACS6695 33.73 2 83.69 1 33.54 2 83.56 1 33.36 2 83.64 1 1.0932 2 1.0839 2

UAS446 2824 11 27.54 9 27.72 11 26.96 10 27.14 11 26.39 10 0.9042 11 0.8951 11

HI1605 32.33 4 80.36 2 32.13 4 80.87 2 31.92 4 81.41 2 1.0433 4 1.0421 4

MACS6696 33.20 3 64.46 5 3291 3 63.73 6 32.63 3 63.18 6 1.0728 3 1.0637 3

NIDW1149 32.02 5 64.29 6 31.85 5 65.24 5 31.67 5 66.24 5 1.0349 5 1.0323 5

HI8802 29.80 8 50.92 8 29.47 8 51.38 8 29.08 8 51.62 8 09591 8 0.9538 8

AMu, GMu, HMu = Arithmetic, Geometric, Harmonic Mean for BLUP values; SI au, SI gu, SI hu = Superiority index as per Arithmetic, Geometric, Har-
monic Mean; RPGVu, MHRPGVu = Relative performance and Harmonic mean of Relative Performance as per BLUP of genotypes; Rk = Rank of genotypes.

DOI: 10.4236/as.2021.123013 204 Agricultural Sciences


https://doi.org/10.4236/as.2021.123013

A.Verma, G. P. Singh

genotypes. As proposed by Resende [6], a method to rank genotypes considering
the yield and stability simultaneously is the harmonic mean of genetic values
(HMGYV). In the context of mixed models, the Harmonic Mean of Genotypic
Values was calculated as genotypes with greater values would be recommended.
Harmonic Mean expressed higher values for NIAW 3170, MACS6695, MACS6696,
HI1605 genotypes. Moreover, the Harmonic Mean of Relative Performance of
Genotypic Values (HMRPGV) method proposed by Resende & Durate [15] that
used Restricted Maximum Likelihood (REML) or Best Linear Unbiased Predic-
tion (BLUP) as similar to the methods of Lin and Binns [2] and Annicchiarico
[18]. In the HMRPGV method for stability analysis, the genotypes can be simul-
taneously sorted by genotypic values (yield) and stability using the harmonic
means of the yield so that the smaller the standard deviation of genotypic per-
formance among the locations. Values of HMRPGV ranked NIAW3170,
MACS6695, MACS6696, HI1605 the performance of the genotypes among the
locations. When considering the yield and adaptability simultaneously, the rec-
ommended approach is the relative performance of genetic values (RPGV)
overcrop years. For adaptability analysis, the Relative Performance of Genotypic
Values had measured across environments. Relative Performance of Genotypic
Values had settled for NIAW3170, MACS 6695, MACS6696, HI1605 wheat ge-
notypes.

While assigning 65 and 35 weights to average yield (AM) and stability, the
Superiority index pointed out MACS6695, HI1605, NIAW3170, HI8805 geno-
types would maintain high yield and stable performance. SI measure considered
GM and stability, selected MACS6695, HI 1605, NTAW3170, HI8805 genotypes.
Values of SI, using HM and stability, favoured the same set of wheat genotypes
MACS6695, HI1605, HI8805, NIAW3170. Analytic measures of adaptability
RPGV and MHRPGV pointed out MACS6695, HI1605, NIAW3170, HI8805

would be more adaptable genotypes.

3.1.3. Biplot Analysis of Measures

Approximately 74.2% of the total variation (Table 7) with 46.2 & 27.9 contribu-
tions of the first two significant PC’s was observed in the principal component
analysis of stability measures [19]. The first group comprised of MASV1 & sta-
bility measures by utilizing the number of interaction principal components
(Figure 1). MASV clustered with IPCA4, IPCAS5, and IPCAG6 values in a differ-
ent quadrant. Adaptability measures as per arithmetic, geometric and harmonic
means along with the corresponding values of RPGV & MHRPGV measures ex-
pressed bondage and placed all together in a different quadrant. However, this
group maintained the right angle with MASV1 & stability measures. The cluster
of Superiority indexes as per various averages of yield seen in same quadrant.
Moreover, the performance of genotypes would be more or less the same by Su-
periority indexes and adaptability measures as acute angles observed in corres-

ponding rays.
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3.2.Second-Year 2019-20

Highly significant effects of the environment (E), GXE interaction, and geno-
types (G) had been observed by AMMI analysis. Environment explained signifi-
cantly 33.7%, GxE interaction accounted for 20.5% and genotypes contributed
only 10.7% of the total sum of squares due to treatments (Table 3). First six
multiplicative terms explained 99.3% of GxE interaction and 0.7% was the resi-

dual or noise.

Table 7. Loadings of measures as per first two significant principal components (2018-19).

Measure PC1 PC2
IPCA1 —-0.1843 -0.1544
IPCA2 —-0.0552 -0.2234
IPCA3 -0.1527 0.0456
IPCA4 —-0.0249 0.0876
IPCA5 —0.0445 0.1903
IPCA6 —-0.0856 0.1048

MASV1 0.2015 —0.2060
MASV —0.0369 0.1638

W1 0.2423 —-0.1832
W2 0.2617 -0.1705
W3 0.2294 —0.2453
W4 0.2316 —0.2446
W5 0.2409 —-0.2407
W6 0.2438 -0.2353
WAASB 0.2438 —-0.2353
AMu -0.2107 -0.2847
SIau -0.2901 -0.1252
GMu -0.2119 -0.2839
Sl gu -0.2908 -0.1231
HMu -0.2122 —-0.2833
SI hu -0.2910 -0.1215
RPGVu —-0.2061 -0.2908
MHRPGVu -0.2173 -0.2771
% variation explained 46.23 27.97
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Figure 1. Biplot analysis of stability measures as per first two significant PCA’s (2018-19).

3.2.1. Ranking of Genotypes Vis-a-Vis Number of IPCA’s

The preference order of genotypes as per IPCA-1 scores were MP1358,
NIAW3170, NIDW1149, HI8805 (Table 8). While the values of IPCA-2 selected
MACS4087, MPO1357, HI8805, MP1358 genotypes would be of choice. Values
of IPCA-3 favoured UAS446, HI1605, AKDW2997-16, NIDW1149 wheat geno-
types. As per IPCA-4, HI1605, UAS446, NIDW1149, NIAW3170 genotypes
would be of stable performance. UAS472, MACS4087, NIDW1149, UAS446 ge-
notypes pointed by IPCA-5 measure. Genotypes MACS4087, AKDW2997-16,
HI1605, MP1358 identified by absolute values of IPCA-6. Analytic MASV and
MASV1 measures of adaptability considered all significant IPCAs of the analysis
simultaneously. MASV1 identified genotypes NIAW3170, UAS472, UAS446,
and NIDW1149 would express stable yield whereas genotypes UAS472,
NIAW3170, UAS446 & AKDW2997-16 be of stable performance by MASV
measure respectively.

Genotype preferences varied from MP1358, NIAW3170, NIDW1149, HI8805
based on W1 whereas MP1358, HI8805, AKDW2997-16, NIAW3170 as per W2
values while AKDW2997-16, MP1358, HI8805, NIAW3170 by values of W3
(Table 9). Genotypes AKDW2997-16, MP1358, NIAW3170, HI8805 were pointed
by W4; W5 favoured AKDW2997-16, MP1358, UAS472, NIAW3170. Stability
measure WAASB based on all significant IPCA’s settled for AKDW2997-16,
MP1358 NIAW3170, UAS472 genotypes for considered locations of the zone for

DOI: 10.4236/as.2021.123013

207 Agricultural Sciences


https://doi.org/10.4236/as.2021.123013

A.Verma, G. P. Singh

stable high yield. The ranking of genotypes were altered by the extent to the
number of IPCAs included in the WAASB estimation.

3.2.2. Stable productive genotypes by AMMI & BLUP

Average yield of genotypes selected MP1358, NIDW1149, HI1605, MACS4087
wheat genotypes (Table 10). Geometric mean observed MP1358, HI1605,
NIDW1149, MACS4087 were top-ranked genotypes. Harmonic Mean of yield
expressed higher values for MP1358, HI1605, NIDW1149, MACS4087 geno-
types. Values of HMRPGV ranked MP1358, NIDW1149, HI1605, MACS4087
the genotypes performance among the locations. Relative Performance of Geno-
typic Values had settled for MP1358, HI1605, NIDW1149, MACS4087 wheat
genotypes.

Table 8. Modified AMMI stability values as per significant IPCA’s 2019-20.

Genotype IPCAI  IPCA2 IPCA3 IPCA4 IPCA5 IPCA6 MASVI  MASV  Rpca  Ryasyi Ruasy
NIDW1149  -0.121 2521  -0.347  -0.112 0292  —0.767  3.922 3.784 3 4 9
UAS446 1.448  -0949  0.074 0053  -0.632  -0703 3.6l 2.610 8 3 3
HI1605 2.205 0.528 0247  -0.045  —0.648  0.440 4417 3.275 10 5 5
MACS4087  -1.528  0.000 1308  -0422  —0.255  0.244 4.827 3.346 9 6 6
MP1358 0058  -0227 -1.064 -1.184  1.067 0.445 6.399 3.627 1 8 7
AKDW2997-16 -0.424  —0276 0339  —1.118  -0.686  0.421 5.588 2.945 5 7 4
HI8805 0.352 0.206 0.984 1.232 1.013 0.805 6.589 3.720 4 9 8
UAS472 -0.944  -0473 0712 0354  -0.092  —0.848  3.239 2.295 6 2 1
MPO1357 -1.138  -0.013  —1.661 1.019  —0.974  0.487 6.852 4314 7 10 10
NIAW3170 0092  -1318  —0.592  0.223 0914  -0524  2.856 2.480 2 1 2

Table 9. Weighted average of absolute scores and ranks of genotypes 2019-20.

Genotype w1 w2 W3 W4 W5  WAASB Ry, Ry, Ry Ry Rys Ruaass
NIDW1149 0.121 1.168 0.964 0.848 0.770 0.770 3 8 8 7 6 7
UAS446 1.448 1.230 0.944 0.822 0.795 0.788 8 9 7 6 7 8
HI1605 2.205 1.473 1.169 1.016 0.964 0.922 10 10 10 10 10 10
MACS4087 1.528 0.862 0.972 0.897 0.807 0.761 9 7 9 8 8 6
MP1358 0.058 0.132 0.363 0.475 0.558 0.549 1 1 2 2 2 2
AKDW2997-16  0.424 0.360 0.354 0.459 0.491 0.485 5 3 1 1 1 1
HI8805 0.352 0.288 0.461 0.566 0.629 0.643 4 2 3 4 5 5
UAS472 0.944 0.738 0.732 0.680 0.597 0.617 6 6 5 5 3 4
MPO1357 1.138 0.647 0.899 0.915 0.923 0.888 7 5 6 9 9 9
NIAW3170 0.092 0.627 0.618 0.564 0.614 0.606 2 4 4 3 4 3
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While assigning 65 and 35 weights to average yield (AM) and stability, the
Superiority index pointed out MP1358, NIAW3170, NIDW1149, MACS4087
genotypes would maintain high yield and stable performance. SI measure consi-
dered GM and stability, selected MP1358, NIAW3170, NIDW1149, MACS4087
genotypes. Values of SI, using HM and stability, favoured the same set of wheat
genotypes MP1358, NIAW 3170, NIDW1149, AKDW2997-16. Analytic measures
of adaptability RPGV and MHRPGYV pointed out MP1358, HI1605, NIDW1149,
MACS4087 would be more adaptable genotypes.

3.2.3. Biplot Analysis of Measures

Loadings of the stability measures of wheat genotypes were tabulated and the
first two significant PC’s has explained 68.7% of the total variation in the origi-
nal variables with 41.1 & 27.6 percent respective contributions (Table 11). Three
groups of measures were observed in graphical Biplot analysis (Figure 2). The
first group comprised of stability measures by utilizing the number of interac-
tion principal components. Adaptability measures as per arithmetic, geometric
and harmonic means and their corresponding values expressed deviation and
observed in a different quadrant. Moreover, this group maintained the right an-
gle with stability measures. The cluster of Superiority indexes as per averages
yield of wheat genotypes placed in a different quadrant. Performance of geno-
types would not be different by Superiority indexes and adaptability measures

due to acute angles among rays connecting corresponding measures.
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Figure 2. Biplot analysis of stability measures as per first two significant PCA’s (2019-20).
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Table 10. Superiority index and adaptability measures of genotypes 2019-20.

Genotype AMu
NIDW1149  25.78
UAS446 23.82
HI1605 25.69
MACS4087  25.63
MP1358 26.88
AKDW2997-16 24.06
HI8805 24.36
UAS472 22.83
MPO1357 24.38

NIAW3170 25.09

Rk

ST au

59.63

26.69

45.94

57.85

94.88

54.75

46.89

24.39

27.67

61.63

Rk GMu Rk SIgu
3 25.51 3 58.64
9 23.67 9 27.95
7 25.52 2 46.67
4 25.32 4 56.27
1 26.68 1 94.88
5 23.84 8 54.90
6 24.16 7 47.41
10 22.59 10 24.39
8 24.24 6 28.91

2 2491 5 62.16

Rk  HMu
3 25.24
9 23.52
7 25.36
4 24.98
1 26.48
5 23.62
6 23.97
10 22.34
8 24.09
2 24.71

Rk  SThu
3 57.72
9 29.33
2 47.44
4 54.39
1 94.88
8 55.10
7 47.98
10 24.39
6 30.23
5 62.58

Rk RPGVu Rk MHRPGVu Rk

1.036

0.961

1.037

1.028

1.082

0.966

0.980

0.917

0.983

1.010

3 1.030 2

9 0.956 9

2 1.029 3

4 1.022 4

1 1.079 1

8 0.964 8

7 0.977 7

10 0.912 10

6 0.980 6

5 1.007 5

Table 11. Loadings of measures as per first two significant principal components (2019-20).

Measure PC1 PC2
IPCA1 -0.0105 0.1397
IPCA2 0.0601 0.2038
IPCA3 —0.0982 -0.0735
IPCA4 —-0.1802 0.0339
IPCAS 0.2123 —0.1431
IPCA6 0.1290 0.0466

MASV1 0.1337 0.0088
MASV 0.1231 0.1986

W1 —0.1853 0.2457
W2 -0.1662 0.2895
W3 -0.1623 0.3366
W4 -0.1528 0.3534
W5 -0.1176 0.3703
WAASB -0.1340 0.3619
AMu 0.2822 0.2068
Slau 0.3257 -0.0124
GMu 0.2814 0.2095
SIgu 0.3268 -0.0136
HMu 0.2801 0.2121
SI hu 0.3274 -0.0149
RPGVu 0.2788 0.2143
MHRPGVu 0.2845 0.2039
% variation explained 41.15 27.62
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4. Conclusion

GxE interaction study in multi-environment trials had been carried out by well
established AMMI model. The simultaneous consideration of stability measures
and yield would be more appropriate to recommend high-yielding stable wheat
genotypes. In the present study, the main advantages of AMMI and BLUP had
been combined to increase the reliability of multi-locations trials analysis. An
additional advantage provided by Superority Indexes to assign variable weights
to the yield and stability performance. Depending upon the goal of crop breed-
ing trials, the researchers may prioritize the productivity of a genotype rather
than its stability (and vice-versa). The stability index of genotype performance
has the potential to provide reliable estimates of stability in future studies along
with a joint interpretation of performance and stability in a biplot while consi-
dering number of significant IPCA’s.
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