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ABSTRACT

Highly significant effects of environments, GXE interaction and genotypes were observed for cropping
years 2017-18 and 2018-19. Further analysis of interactions sum of squares bifurcated into seven significant
multiplicative interactions principal components to assess the performances of genotypes as per AMMI based
measures. For the first year of study wheat genotypes (G5, G6, G7) had top ranked by EV2, D2, ASV, ASV1
and ASTAB2 measures. MASV & MASV1 pointed towards G7, G8, G6 wheat genotypes. Association among
these measures displayed graphically in a biplot analysis. Largest cluster comprised of D2, D3, D5, D7, ASV,
ASV1, ASTAB2, EV2, EV3, EV5, ASTAB3, ASTAB5, ASTAB7 measures. Wheat genotypes (G1, G11, G3)
pointed by EV2, D2, ASV, ASV1 and ASTAB2 values for the second year. MASV settled for G11, G7, G13
whereas MASV1 pointed towards G11, G7, G2. Biplot analysis based on first two PC’s observed largest group
had clubbed measures D2, ASV, ASTAB2, EV5, MASV, MASV1, EV3, D3, D5, D7, EV7, ASTAB3 ASTABS5,
ASTAB7. AMMI based measures would be useful to identify and recommend genotypes with high, stable and
predictable yield across environments.
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INTRODUCTION and Udaipur divisions) and Jhansi division of
Uttar Pradesh. Nine advanced wheat genotypes

Efficient estimation of main and twelve locations and thirteen genotypes at
interaction effects for wheat crop, multi fourteen locations were evaluated under field

environment trials (MET) had been planned
(Bocianowski et al, 2019). An efficient
assessment of GxE interaction assisted to
determine the stable yield potential of genotypes
for specific and general adaptation performance
(Mohammadi et al., 2015; Ajay et al., 2019).
Statistical procedures have been developed to
partition the complex GXE interaction into more
meaningful components (Agahi et al., 2020).
AMMI model, involves both additive and
multiplicative ~ components, separates the
additive variance from the multiplicative variance
and then applies principal component analysis
(PCA) to the interaction portion (Nowosad et al.,
2018). AMMI analysis has been effective to
capture a large portion of the GxE sum of
squares, and present different kinds of
opportunities to agricultural researchers (Gauch
2013). Present study was planned with
objectives (i) explain AMMI based measures
depend on utilization of significant principal
components (ii) association analysis among
AMMI, yield and adaptability measures.

MATERIALS AND METHODS

Central Zone comprises of Madhya
Pradesh, Chhattisgarh, Gujarat, Rajasthan (Kota

trials during 2017-18 and 2018-19 cropping
seasons respectively. Field trials were
conducted at research centers in randomized
complete block designs with three replications.
Recommended agronomic practices were
followed to harvest good vyield. Details of
genotype parentage along with environmental
conditions were reflected in Tables 1 & 2 for
ready reference.
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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. Analytic measures of adaptability,
the relative performance of genetic values
(PRVG) and MHVG (Harmonic mean of Genetic
Values), relative performance of the genotypic
values (MHPRVG) were compared with AMMI
based measures (Resende & Durate, 2007).

PRVGij = VGij / VG, .
MHVG; = Number of environments / Elei
L

MHPRVG; = umber of environments / yx_ __*
J=1 prve;

VG; was the genotypic value of the i genotype, in

the j environment. Geometric adaptability index

(GAI) calculated asir]‘[ﬂ:lik; and genotypes with

higher values of GAI were desirable.
RESULTS AND DISCUSSION
AMMI Analysis

Highly significant environments, GxE
interaction and genotypes effects were observed
by ANOVA analysis for the first year of study
(Table 3). Interaction effects were further divided
into seven significant interaction principal
component axes (IPCAs) (Tena et al., 2019).
Explained variation of GXE interaction accounted
by IPCA’s exploited by defined measures, as
type-2 measures utilized 64.3%, while type 7
measures accounted for most of variation and
utilized to the extent of benefits 98.9% (Table 3).
This justifies the wuse of AMMI derived
parameters based on the larger numbers of
IPCAs results in the most usage of GxE
interaction variations (Nowosad et al., 2016).
Large magnitude of GxE interactions for yield
found in this investigation are similar to those
found in other crops (Mohammadi et al., 2015).
The high significance of GE interactions is
indicating the studied genotypes exhibited both
crossover and non-crossover types of GxE
interaction. EV2 pointed towards (G5, G6, G7)
as desirable at the same time undesirable
genotypes (G3, G4), for values of D2 genotypes
were (G5, G6, G7) & (G3, G4), whereas as per
criterion of SIPC2 were (G9, G7, G1) & (G3, G4)
and of ASTAB2 were (G5, G6, G7) & (G3, G4).
Now a days, agronomic concept of stability
would be more preferred instead of static

concept of stability (Tekdal & Kendal, 2018).
Using first two IPCAs in stability analysis could
benefits dynamic concept of stability in
identification of the stable high vyielder
genotypes. ASV and ASV1 recommended (G5,
G6, G7) as of stable performance and unsuitable
were G3, G4. Considering first two IPCAs in ASV
measure used 64.3% of GXE interaction. The
two IPCAs have different values and meanings
and the ASV parameter using the Pythagoras
theorem and to get estimated values between
IPCAL and IPCA2 scores to produce a balanced
measure between the two IPCA scores.
Minimum values D7 identified G7, G8, G5 of
stable performance while G9 and G4 as
undesirable; SIPC7 observed G9, G8, G5 as of
stable & G3, G7 of unstable yield (Tables 5).
EV7 pointed towards G7, G8, G5 & G9, G4.
Measure ASTAB7 identified G7, G8, G5 as
desirable and G3, G9 for unstable behavior over
the studied environments. Composite measure
MASV selected G11, G7, G13 as of stable
performance and G9, G8 not recommended for
cultivation due to unstable vyield behavior.
Composite measure along with modified version
i.e. MASV& MASV1 pointed towards G7, G8, G6
and G4, G9 for stable and unstable behavior for
studied environments respectively.

Second year of study observed diverse
nature of environments as 79% of interaction
sum of squares accounted whereas GxE
interactions approximated 9% while genotypes
contributed least of total sum of squares. AMMI
derived type-2 measures utilized 60.4%, while
type-7 accounted for 96.7% (Table 4). Measures
EV2, D2 ASTAB2, ASV and ASV1 pointed
towards (G1, G11, G3) as desirable genotypes.
Values of D7 identified G1, G2, G7 as of stable
performance; SIPC7 favoured G5, G11, G2
(Tables 6). EV7 pointed towards G7, G13, G2 &
ASTAB7 identified G11, G2, G3 as desirable.
MASV settled for G11, G7, G13 as of stable
performance and Modified version of composite
measure MASV1 pointed for G111, G7, G2.
PRVG for G5, G8, G1 and MHPRVG for G5, G1,
G8 wheat genotypes.

Association analysis by Biplots

Biplot analysis was performed to define
any relationship among the AMMI measures
(Shahriari et al., 2018). All measures had
distributed among five groups in graphical biplot
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Table 5: AMMI based estimates of genotypes (2017-18)

\ \ EV2 \ EV7 \ D2 \ D7 \ SIPC2 \ SIPC7 \ ASTAB2 ASTAB?\ ASV \ASVl\ MASV MASVl\ GAI \ PRVG MHPRVG

Gl 0.0494 0.0574 497 781 -1.1798 1.2173 24.72 61.03 199 201 5.46 6.68 49.87 1.0031 0.9983
G2 0.0381 0.0596 4.42 6.29 0.0673 0.4506 19.52 39.60 179 184 4.23 5.11 47.85 0.9625 0.9575
G3 0.1515 0.0624 8.98 9.74 3.8755 4.3541 80.70 94.78 3.71  3.90 4.63 5.06 51.90 1.0472 1.0360
G4 0.1214 0.0625 7.77 855 24334 1.8232 60.35 73.12 3.10 311 6.11 7.99 49.31 0.9930 0.9856

G5 0.0034 0.0515 134 527 -0.1727 -2.0001 1.80 27.82 0.55 057 4.09 4.85 48.96 0.9835 0.9811
G6 0.0089 0.0611 2.18 584 -0.9629 1.0579 4.74 34.08 090 0.94 4.02 4.68 51.69 1.0387 1.0356
G7 0.0112 0.0352 242 430 -1.2808 2.0776 5.87 18.50 1.00 1.04 2.90 3.37 51.35 1.0311 1.0295

G8 0.0235 0.0468 353 527 1.0226 -2.1305 12.46 27.76 146 1.53 3.49 4.06 48.09  0.9659 0.9640
G9 0.0927 0.0635 6.86 8.70 -3.8027 -6.8502 47.07 75.73 277 2.82 5.76 7.13 48.43 0.9749 0.9687

Table 6: AMMI based estimates of genotypes (2018-19)

| \ EV2 | EV7 \ D2 | D7 ‘SIPCZ \ SIPC7 ‘ASTABZ ASTAB7 | ASV \ ASV1 \ MASV | MASV1 | GAI \PRVG | MHPRVG

G1 0.0004 0.0480 2.05 18.87 0.0180 -0.2637 0.49 60.84 0.2981 0.3757 4.9605 55069 57.99 1.0266 1.0222
G2 0.0071 0.0266 7.59 15.49 -0.0494 -0.5309 7.20 31.23 1.0239 1.1340 3.8996 4.5609 56.06 0.9914 0.9892
G3 0.0071 0.0512 7.34 1891 0.1518 1.0665 6.84 36.29 0.9714 1.0306 5.0786 5.5819 57.30 1.0149 1.0093
G4 0.0432 0.0344 19.07 24.35 -0.4067 -0.1017  44.93 77.88 2.6021 2.9518 5.1865 5.9355 56.76 1.0065 0.9988
G5 0.0808 0.0321 29.77 31.21 -0.5171 -0.9612 102.81 115.85 4.3105 5.4146 5.1725 7.1945 58.71 1.0420 1.0323
G6 0.0334 0.0364 15.66 22.18 0.1922 0.3036 31.47 69.43 2.0507 2.1147 5.1391 5.6567 56.71 1.0046 0.9989
G7 0.0174 0.0169 14.03 18.03 0.2232 0.1968 22.68 39.37 2.0416 25841 3.3107 4.1327 56.24 0.9953 0.9918
G8 0.0634 0.0509 23.17 29.29 -0.0976 -0.1091 66.21 110.78 3.1670 3.6055 6.1758 7.1726 57.98 1.0295 1.0185
G9 0.1060 0.0540 28.45 33.12 0.5910 -0.0084 102.67 143.16  3.7724 4.0175 7.0454 7.7519 56.96 1.0152 0.9962
G10 0.0204 0.0369 13.93 22.24 0.0134 0.0967 23.24 67.27 1.9590 2.3505 5.1830 6.3819 57.08 1.0120 1.0047
Gll1 0.0031 0.0371 5.00 1293 -0.1065 -0.6020 3.12 9.13 0.6756 0.7512 29294 3.1976 56.78 1.0041 1.0019
G12 0.0940 0.0518 31.75 33.88 -0.2115 0.1874 117.49 127.95 45779 57155 57379 7.6360 49.68 0.8834 0.8718
G13 0.0238 0.0237 16.50 19.88 0.1991 0.7261 31.30 50.84 2.4090 3.0612 3.8635 5.0370 54.98 0.9745 0.9677
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Figure 1: Biplot analysis of genotypes and AMMI based estimates (2017-18)
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Figure 2: Biplot analysis of genotypes and AMMI based estimates (2018-19)
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analysis. The relationship among these
estimates is graphically displayed in a plot of
PCl1 wversus PC2 as these components
accounted for more than 79% of total variations
sum of squares among the estimates (Figure 1).
Largest group consisted of measures as D2, D3,
D5, D7,ASV, ASV1, ASTAB2,EV2, EV3, EV5,
ASTAB3, ASTAB5, ASTABY.

Biplot analysis for second year observed
that AMMI based measures had distributed
among four quadrants in as graphical
representations based on first two significant
principal components accounted for more than
74% of variations among the estimates.
Measures could be divided into four major
clusters (Figure 2). Largest group consisted of
clubbed 16 measures as D2, ASV, ASTAB2,
EV5, MASV, MASV1, EV3, D3, D5, D7, EV7,
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