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INTRODUCTION 

AMMI analysis retains most of the genotype x environ-

ment interaction pattern in the first interaction principal 

component axis (IPCA) resulting from the singular val-

ue decomposition (SVD) of the non-additive effects 

matrix, while most of the random error has been re-

tained as noise in the last IPCAs (Balestre et al., 2009; 

Gauch, 2013; Adjebeng et al., 2017; Bocianowski et 

al., 2019; Veenstra et al., 2019). Moreover, under AM-

MI analysis usage, there would be a biased interpreta-

tion regarding the stability of the genotypes for instanc-

es with the low proportion of the variance explained by 

first interaction principal component IPCA1 (Zali et al., 

2012; Bornhofen et al., 2017; Oyekunle et al., 2017). 

Weighted Average of Absolute scores (WAASB),  the 

quantitative stability measure was found to be an im-

portant statistical tool for identifying highly productive 

and broadly adapted genotypes (Olivoto, 2018). The 

genotype with the lowest WAASB value is considered 

the most stable, that is, the one that deviates least 

from the average performance across environments 

(Olivoto, 2019). For the selection of promising geno-

types, a superiority index, i.e. combine high yield and 

stability at the same time allowed weighting mecha-

nism for yield and stability (WAASB) (Olivoto et al., 

2019). The present study was planned to validate the 

relationships between WAASBY and other stability 

measures, as per AMMI model, of wheat genotypes 

evaluated under multi environmental trials in the Cen-

tral Zone of India under restricted irrigated timely sown 

trials in recent past. 

MATERIALS AND METHODS  

The Central zone of India is well known for the premi-

um quality of wheat, flour and other products. States 

of Madhya Pradesh, Chhattisgarh, Gujarat, Rajasthan 

(Kota and Udaipur divisions) and Jhansi division of 

Uttar Pradesh comprised this zone. Ten advanced 

promising wheat genotypes fifteen locations and five 
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genotypes at sixteen locations were evaluated under 

field trials during 2018-19 and 2019-20 cropping sea-

sons respectively. Field trials were conducted at re-

search centers in randomized complete block designs 

with three replications. Recommended agronomic 

practices were followed to harvest good yield. Details 

of genotype parentage along with environmental condi-

tions were reflected in tables 1 and 2 for ready refer-

ence. Stability measure Weighted Average of Absolute     

Scores has been calculated as 

                          
       ……..Eq.1 

where WAASBi is the weighted average of absolute 

scores of the ith genotype (or environment); IPCAik is 

the score of the ith genotype (or environment) in the 

kth IPCA, and EPk is the amount of the variance ex-

plained by the kth IPCA. The genotype with the lowest 

WAASB value is considered the most stable, that is, 

the one that deviates least from the average perfor-

mance across environments. Superiority index has 

been put forward that allows weighting between yield 

and stability measure WAASB index to select geno-

types that combine high performance and stability as 

                    

where rGi and rWi are the rescaled values for yield 

and, respectively, for the ith genotype; Gi and Wi are 

the yields and the WAASB values for ith genotype. SI 

superiority index for the ith genotype that weights be-

tween yield and stability, and θY and θS are the 

weights for yield and stability assumed to be of order 

65 and 35 respectively in this study, 
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Relative performance of genotypic values across  

environments  

   PRVGij = VGij / VGi          Resende and Durate (2007)  

Harmonic mean of Relative performance of genotypic 

values  

MHPRVGi. =  Number of environments /  

  

Resende and Durate (2007)  

Superiority Index  

WAASBY or SI =    

 

    Olivato et al. (2019)  
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 adaptability calculated as the 

relative performance of genetic values (PRVG) and 

harmonic mean based measure of the relative perfor-

mance of the genotypic values (MHPRVG) for the sim-

ultaneous analysis of stability, adaptability and yield 

(Resende and Durate, 2007). 

RESULTS AND DISCUSSION 

First-year of study (2018-19) 

AMMI analysis: AMMI model comprised of additive 

main effects of genotype and environment and the 

multiplicative effect of GxE interaction, can explain 

more information compared to other methods (Zhang 

et al., 1988). AMMI models are generally called AMMI 

(1), AMMI (2), … AMMI (n), depending on the number 

of principal components used to study the interaction 

(Gauch 2013). AMMI stability measures permit to eval-

uate yield stability after reduction of the noise from the 

GxE interaction effects. Highly significant effects of the 

environment (E), genotypes (G) and GxE interaction 

were observed. Significant environments explained 

about 79.5% of the total sum of squares due to treat-

ments indicating that diverse environments caused 

most of the variations in genotypes yield. Moreover, up 

WAASB =  

WAASBY =   

ASV =  [ 

ASV =  

https://scs.cals.cornell.edu/people/%20hugh-gauch/
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to 80% contribution of environmental effects is report-

ed in sugarcane crop (Ramburan et al., 2011). Geno-

types explained only 2.9% of the total sum of squares, 

whereas GxE interaction accounted for 9.4% of treat-

ment variations in yield (Table 3). Higher GxE interac-

tion sum of squares than to genotypes indicated the 

presence of genotypic differences across environ-

ments and complex GxE interaction for wheat yield. 

Larger GxE interaction effects over genotype, making 

selection of stable genotype difficult (Bocianowski et 

al., 2019).  Further partitioning of GxE interactio7 mn 

through the AMMI model revealed that the first seven 

multiplicative terms (IPCA1, IPCA2, IPCA3 and IP-

CA7) of AMMI were significant and explained 32.7%, 

21.2% , 19.2%, 8.9%, 6.7%, 4.9% and 4.6 % of inter-

action sum of squares, respectively. Total of significant 

components were 98.2 % and remaining 1.8% is the 

residual or noise, which is not interpretable and thus 

discarded (Ajay et al., 2019). 

Stability measures: Least value of absolute IPCA1 

expressed by G3, G7, G5 and G4 possessed the high-

er value (Table 5). Low values of  (EV) associated with 

stable genotype accordingly, the genotype G10 fol-

lowed by G1 and G2 had stability and genotype G3 

had the maximum value of EV measure. The lower 

value SIPC measure identified G10 followed by G6 

and G3 as the most stable genotypes, whereas G4 

would be of least stable behaviour. Za measure con-

sidered the absolute value of the relative contribution 

of IPCs to the interaction revealed G10, G7 and G3 

genotypes as most stable in descending order of sta-

bility, whereas G4 genotype with the least stability. 

ASTAB measure observed genotypes G1, G10 and 

G6 as most stable and genotype G4 was least stable 

in this study. ASV measure showed that genotypes 

G7, G1, G6 possessed lower values would express 

stable performance and G4 be of least stable type. 

Values of ASV1 selected G7, G1, G6 for their stable 

behaviour whereas G4 would express unstable perfor-

mance. Measures MASV and MASV1 consider all sig-

nificant IPCAs. Values of MASV showed that the gen-

otypes G10, G9 and G6 were most stable and G10, 

G9 and G8 would be stable by MASV1measure re-

spectively.  The lower values of WAASB associated 

with stable nature of genotypes as G10, G7, G3 ex-

pressed lower values and would stable genotypes for 

considered locations of the zone at the same time 

maximum value obtained by G4, that is, the one that 

deviates maximum from the average performance 

across environments (Olivoto et al., 2019). The lower 

value of Superiority index had observed for G5, G8 

and G1, whereas large value expressed by G6. Geno-

types G6, G3 and G4 were identified for their more 

stable yield performance by MHPRVG and PRVG 

measure selected G6, G3, G4 along with least stable 

yield of G5. Maximum yield expressed by G6 followed 

by G8 and G1 as good variation observed from 52.9 to 

44.2 q/ha among genotypes.  

Simultaneous ranks of genotypes as per AMMI 

based stability and yield: The stability alone by itself 

is not a desirable selection criterion as these stable 

genotypes may not be high yielders, for which simulta-

neous consideration of yield of wheat genotypes and 

stability in a single nonparametric index is essential 

(Kang 1993; Farshadfar et al., 2008). Simultaneous 

Selection Index proposed by Farshadfar et al., (2011)  

also referred to as genotype stability index (GSI) or 

yield stability index (YSI)  computed by adding the 

ranks of stability measure and an average yield of 

wheat genotypes. 

As per the least values of ranks for IPCA1 measure, 

CG1029, HD2932  and HI1633  were considered as 

stable with high yield, whereas high values suggested 

as the least stable yield for MP4010   genotype (Table 

7). Value of EV measure identified HD2932, HI 8807   

and CG 1029   by whereas measure SPIC favoured 

HI8807, HD2932   and HI1634 genotypes. Wheat gen-

otypes HI 8807, HI1634, HI1633 possessed lower 

value of Za measure while large value by MP4010. 

Composite measures MASV selected HI 8807, HD 

2932, HI1634   and as per values of MASV1 as 

HI8807, HI1634,  HI8808   genotypes of choice for 

these locations of the zone at the same time unstable 

performance of MP4010 and UAS 3002. Values of 

least magnitude of ASV observed for HD932, HI1633 

and HI1634 wheat genotypes and ASV1 pointed to-

wards CG1029, HD2932, HI1633. In the present 

study, all measures identified genotypes CG1029, HD 

2932   and HI1633 as stable and high yielders. Suita-

bility of HI8807, HI1633   and MP 3336   genotypes 

was observed by WAASB measure. Superiority index 

while weighting 0.65 and 0.35 for yield and stability 

found UAS3002, MP3336 and HI1633 as of stable 

performance with high yield. Moreover, the average 

yield of genotypes ranked CG1029, HI1634 and 

HD2932  as of the order of choice. PRVG and 

MHPRVG measures settled for CG1029, HI1634 and 

HD2932 wheat genotypes.  

Biplot graphs :Loadings of stability measures as per 

first two significant principal component analysis 

(PCA) for evaluated wheat genotypes are reflected in 

table 9. The first two PCAs explained 79.9 % of the 

variation of the original variables (Fig. 1). Za clustered 

with SIPC, MASV, MASV1, ASTAB measures. The 

separate group comprises of yield with ASV, IPCA1, 

ASV1, PRVG and MHPRVG measures. WAASB and 

SI measures maintained a distance from other stability 

measures and observed as outliers in different quad-

rants.  

Association analysis among stability measures: 

Correlation coefficient values were computed for each 

pair of measures to have an idea of association analy-

sis among other stability measures. Mean yield 

showed highly significant positive correlations with 

MASV, MASV1, MHPRVG and PRVG (Table 11). At 

the same time, other measures expressed negative 
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values IPCA1, ASV1, MASV1, ASV, WAASB values. 

Measures MHPRVG and PRVG expressed direct rela-

tion with SI only and negative correlation with remain-

ing measures. Only indirect relations were observed 

for SI measure. WAASB measure exhibited direct rela-

tionships with other stability measures as well negative 

with SI, PRVG, MHPRVG and yield.   All AMMI based 

measures Za, SIPC, EV, ASV, ASV1, MASV1, MASV 

and ASTAB achieved only positive correlation values 

among themselves and with others. ASTAB had an 

indirect relation with SI, PRVG, MHPRVG and yield. 

Negative correlations of SIPC with SI, PRVG, 

MHPRVG and yield were of low magnitude. Indirect 

relations of Za observed with SI, PRVG, MHPRVG and 

yield of large negative values. Same behaviour of neg-

ative correlations had displayed by IPCA1, ASV1, 

MASV1, ASV and MASV also. 

Second year of study (2019-20) 

AMMI analysis: AMMI analysis observed highly signif-

icant effects of the environment (E), GxE interaction 

and genotypes (G). Diversity of environmental condi-

tions had been reflected by 84.8% of the total sum of 

squares due to treatments explained by environments 

only. Genotypes explained 0.7% of the total sum of 

squares, whereas GxE interaction explained 6.4% of 

treatment variation in yield (Table 4). The larger mag-

Verma A. and Singh G.P. / J. Appl. & Nat. Sci. 12(4): 541 - 549 (2020) 

Code Genotype Parentage Environments Latitude Longitude Altitude 

G 1 HD 2932 (KAUZ/STAR//HD2643) Anand 22° 33' N 72° 56' E 39 

G 2 HD 2864 (DL509-2/DL377-8) Bardoli 21° 7 ' N 73° 6' E 22 

G 3 MP 3336 (HD 2402/GW 173) Junagarh 21° 30' N 70° 27' E 90 

G 4 MP 4010 (ANGOSTURA 88) S.K.Nagar 21°18' N 72°85 E 11 

G 5 CG 1029 (HW 2004/PHS725) Vijapur 23°33' N 72°45' E 129.4 

G 6 UAS 3002 (RAJ4083/DWR195//HI 977) Sanosara 21° 72' N 71° 76' E 89 

G 7 HI 1633 (GW-322 / PBW-498) Gwalior 26° 13' N 78° 10' E 213 

G 8 HI 1634 (GW 322 / PBW 498) Indore 22° 43' N 75° 51' E 550 

G 9 HI 8808 (HI 8680 / HI 8663) Jabalpur 23° 10' N 79° 55' E 403 

G 10 HI 8807 (HI 8695/ HI 8663// HI 8663) Powarkheda 22° 70' N 77° 73' E 308 

      Udaipur 24° 34' N 73° 41' E 585 

      Kota 25°12' N 75°51' E 271 

      Bilaspur 22° 4' N 82° 9' E 264 

      Jagdalpur 19° 4'  N 82° 1' E 552 

      Ambikapur 23° 6'  N 83° 11' E 623 

Table 1. Parentage details of genotypes and environmental conditions (2018-19). 

Code Genotype Parentage Environments Latitude Longitude Altitude 

G 1 HI1634 (GW322/PBW498) Anand 22° 33' N 72° 56' E 39 

G 2 HD2932 (KAUZ/STAR//HD2643) Bardoli 21° 7 ' N 73° 6' E 22 

G 3 MP3336 (HD 2402/GW 173) Junagarh 21° 30' N 70° 27' E 90 

G 4 HD2864 (DL509-2/DL377-8) S.K.Nagar 21°18' N 72°85 E 11 

G 5 CG1029 (HW2004/PHS725) Vijapur 23°33' N 72°45' E 129.4 

      Sanosara 21° 72 ' N 71° 76' E 89 

      Gwalior 26° 13'  N 78° 10'  E 211 

      Jabalpur 23° 10' N 79° 55' E 403 

      Powarkheda 22° 70 N 77° 73 E 308 

      Indore 22° 43' N 75° 51' E 550 

      Udaipur 24° 34' N 73° 41' E 600 

      Mandor       

      Bilaspur 22° 4' N 82° 9' E 206 

      Jagdalpur 19° 4'  N 82° 1' E 552 

      Ambikapur 23° 6'  N 83° 11' E 623 

      IGKV-Raipur 21° 15'  N 81° 37'  E  289 

Table 2. Parentage details of genotypes and environmental conditions (2019-20). 
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Table 5. Measures of stability as per AMMI analysis (2018-19). 

Table 4. AMMI analysis of wheat genotypes (2019-20). 

Table 3. AMMI analysis of wheat genotypes (2018-19). 

Source 
Degree of 
freedom 

Mean Sum  
of Squares 

Level of  
significance 

Proportional  
contribution of 
factors 

GxE interaction 
Sum of Squares 
(% ) 

Cumulative Sum of 
Squares 
(% ) by IPCA’s 

Treatments 159 755.10 *** 91.79   

Genotype (G) 9 420.28 *** 2.89   

Environment ( E ) 15 6932.99 *** 79.51   

GxE interaction 135 90.98 *** 9.39   

IPC1 23 174.67 ***   32.71 32.71 

IPC2 21 124.08 ***   21.21 53.92 

IPC3 19 124.29 ***   19.23 73.15 

IPC4 17 64.79 ***   8.97 82.11 

IPC5 15 54.82 ***   6.69 88.81 

IPC6 13 45.84 *   4.85 93.66 

IPC7 11 50.77 0.15   4.55 98.21 

Residual 16 13.77 0.87     

Error 480 22.37      

Total 639 204.69      

Source 
Degree 
of free-
dom 

Mean 
Sum of 
Square
s 

Level of 
signifi-
cance 

Proportional con-
tribution of fac-
tors 

GxE interaction 
Sum of Squares 
(% ) 

Cumulative Sum of 
Squares 
(% ) by IPCA’s 

Treatments 79 591.81 *** 91.91   

Genotype (G) 4 93.61 *** 0.74   

Environment ( E ) 15 2876.02 *** 84.80   

GxE interaction 60 53.97 *** 6.37   

IPC1 18 81.18 ***   45.12 45.12 

IPC2 16 52.86 ***   26.12 71.24 

IPC3 14 44.47 **   19.23 90.47 

Residual 12 25.72 0.12     

Error 240 17.15      

Total 319 159.47      

Geno-
type 

IPCA1 
MASV
1 

MASV ASV1 ASV Za EV SIPC 
ASTA
B 

WAAS
B 

SI 
MHPRV
G 

PRVG Yield 

G 1 0.90 6.25 5.14 1.98 1.80 17.74 0.037 7.52 68.62 1.194 36.59 1.028 1.033 51.07 

G 2 1.66 6.32 5.20 2.93 2.50 19.18 0.039 7.73 78.27 1.325 46.74 0.990 0.995 48.81 

G 3 0.05 5.79 5.53 3.14 3.14 16.26 0.063 7.42 103.19 1.039 73.27 0.945 0.958 47.18 

G 4 3.24 6.66 5.71 5.20 4.27 23.60 0.057 9.55 127.25 1.647 40.57 0.950 0.964 47.45 

G 5 0.87 7.92 6.52 2.88 2.77 22.17 0.053 9.04 115.40 1.507 7.09 1.066 1.076 52.92 

G 6 1.64 6.38 5.13 2.58 2.10 17.66 0.042 7.27 74.66 1.201 87.53 0.891 0.898 44.15 

G 7 0.28 6.83 5.92 0.53 0.46 16.00 0.063 8.05 84.26 0.978 56.46 1.005 1.012 49.86 

G 8 1.91 6.20 5.58 2.94 2.37 16.88 0.062 8.10 91.29 1.088 35.41 1.046 1.053 51.95 

G 9 1.68 4.99 4.52 3.09 2.68 19.16 0.052 8.34 77.69 1.271 46.60 0.988 0.996 49.19 

G 10 2.76 4.84 4.11 4.25 3.42 13.40 0.032 5.29 73.52 0.954 55.12 1.007 1.015 50.20 
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nitude of GxE interaction (sum of squares) than geno-

types indicated the presence of genotypic differences 

across environments and complex GxE interaction for 

wheat yield. Further partitioning of GxE interaction 

through the AMMI analysis revealed that the first 

three multiplicative terms (IPCA1, IPCA2  and IPCA3) 

were significant and explained 45.1%, 26.1% and 

19.2% of interaction sum of squares, respectively. 

Approximately 90.5% of the sum of squares account-

ed by three PC’s and 9.5 % left for the residual or 

noise, which is not interpretable and thus discarded. 

Stability measures: Lower values of EV anticipated 

stable performance of G4, G3 genotypes.  The sums 

of the absolute value of the IPC scores (SIPC) identi-

fied G1 followed by G4 as the stable genotypes as 

compared to whereas G2 (Table 6). The absolute 

value of the relative contribution of IPCs to the inter-

action (Za) revealed G1, and G4 genotypes as of sta-

ble behaviour in descending order of stability. Mini-

mum values of ASV measure showed by G1, G4 gen-

otype would show the stable performance. ASV1 se-

lected G1, G4 for their stable yield behaviour. The 

values of MASV showed that the genotypes G4 and 

G1 were most and MASV1 considered G4, G1 would 

be genotypes of stable yield.  AMMI-based stability 

parameter (ASTAB) identified genotypes G4 and G1 

with the least value of the measure for stable perfor-

mance in this study. The lowest value of WAASB 

measure had achievement by G1 and G4 as desirable 

genotypes for considered locations of the zone. Maxi-

mum yield expressed by G5 followed by G4 and least 

variation observed from 51.2 to 54.5 q/ha among gen-

otypes. Stable performance of genotypes G3, G2 as-

sured by values of PRVG measure while MHPRVG 

measure selected G3, G2 along with least stable yield 

of G5. Superiority index had observed lower values by 

genotypes G3 and G2, whereas large value by G4. 

Least value of absolute IPCA1 expressed by G1, G4 

and higher value achieved by G3.  

Simultaneous ranks of genotypes as per AMMI 

based stability and yield: Simultaneous ranks as per 

least values of IPCA1 measure considered HI1634 

and HD2864 genotypes with stable high yield, where-

as high values for MP3336 suggested as least stable 

yield (Table 8). EV measure identified HD2864 and 

CG1029 for stable performance, whereas SPIC values 

favoured HI1634 and HD2864. HD2864 and HI1634 

genotypes possessed a lower value of Za measure. 

Verma A. and Singh G.P. / J. Appl. & Nat. Sci. 12(4): 541 - 549 (2020) 

  IPCA1 MASV1 MASV ASV1 ASV Za EV SIPC ASTAB WAASB SI 
MHPR
VG 

PRVG Yield 

G 1 0.13 2.78 2.77 0.34 0.31 16.02 0.101 3.12 37.79 0.817 67.58 0.997 0.999 52.84 

G 2 1.97 5.87 5.07 4.42 3.83 31.73 0.127 5.14 67.66 1.819 19.97 0.990 0.994 52.21 

G 3 3.19 5.52 4.21 5.51 4.20 25.62 0.090 3.60 63.35 1.562 8.96 0.958 0.963 51.21 

G 4 0.95 2.72 2.50 1.65 1.26 18.88 0.070 3.31 28.82 1.030 68.73 1.009 1.012 53.27 

G 5 2.04 5.55 4.74 4.34 3.69 31.23 0.112 5.04 61.29 1.793 65.88 1.027 1.032 54.46 

Genotype IPCA1 MASV1 MASV ASV1 ASV Za EV SIPC ASTAB WAASB SI 
MHPR
VG 

PRVG Yield 

HD 2932 7 8 7 5 5 9 5 7 4 5 8 3 3 3 

HD 2864 13 13 12 12 12 15 10 12 12 8 5 6 7 7 

MP 3336 10 12 15 17 17 12 19 12 17 3 2 9 9 9 

MP 4010 18 16 16 18 18 18 15 18 18 10 7 8 8 8 

CG 1029 4 11 11 5 8 10 7 10 10 9 10 1 1 1 

UAS 3002 15 17 13 13 13 15 14 12 13 6 1 10 10 10 

HI 1633 7 14 14 6 6 7 14 11 11 2 3 5 5 5 

HI 1634 10 6 9 8 6 6 10 9 9 4 9 2 2 2 

HI 8808 13 8 8 13 12 13 11 14 10 7 6 7 6 6 

HI 8807 13 5 5 13 13 5 5 5 6 1 4 4 4 4 

Table 7. Simultaneous ranks of genotypes as per yield and AMMI based measures (2018-19). 

Table 6. Measures of stability as per AMMI analysis (2019-20). 

Geno-
type 

IPCA1 MASV1 MASV ASV1 ASV Za EV SIPC 
ASTA
B 

WAA
SB 

SI 
MHPR
VG 

PRVG Yield 

HI1634 4 5 5 4 4 4 6 4 5 1 2 3 3 3 

HD2932 7 9 9 8 8 9 9 9 9 5 4 4 4 4 

MP3336 10 8 8 10 10 8 7 8 9 3 5 5 5 5 

HD2864 4 3 3 4 4 4 3 4 3 2 1 2 2 2 

CG1029 5 5 5 4 4 5 5 5 4 4 3 1 1 1 

Table 8. Simultaneous ranks of genotypes as per yield and AMMI based measures (2019-20). 
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Least values of ASV and ASV1 pointed towards 

CG1029 and HD2864 wheat genotypes. Modified AM-

MI stability Value measure MASV along with MASV1 

selected, HD2864, CG1029 genotypes of choice for 

these locations of the zone. WAASB measure ob-

served suitability of HI1634 and HD2864 genotypes 

for the considered locations of this zone. Superiority 

index while weighting 0.65 and 0.35 for yield and sta-

bility found HD2864 and HI1634 as of stable perfor-

mance along with high yield. PRVG as well as 

MHPRVG measures observed suitability of CG1029 

and HD2864 while MP3336 as unstable wheat geno-

types. Moreover, the average yield of genotypes 

ranked CG1029 and HD2864 as of the order of 

choice. More or less all measures identified CG1029, 

and HD2864 genotypes for stable and high yield as 

per considered locations of this zone. 

Biplot graphs: Biplot graphical analysis considered 

the first two significant principal component analysis as 

the loadings of stability measures for evaluated wheat 

genotypes were tabulated in table 10. The first two 

PCAs explained 94.3% of the variation of the original 

variables. PC1 and PC2 axes distinguish measures 

into three groups (Fig 2). SI clubbed with EV, SIPC, 

MASV1, Za measures. Yield grouped with PRVG and 

MHPRVG measures. AMMI based measures IPCA1, 

ASV1 and ASTAB clustered in a separate cluster. Sta-

bility measure WAASB was observed as outliers in 

biplot analysis.  

Association analysis: The average yield of geno-

types had positive values of higher magnitude with SI, 

MHPRVG and PRVG values. Moreover other 

Table 10. Loadings of stability measures as per two PC’s 
(2019-20). 

Table 9. Loadings of stability measures as per two PC’s 
(2018-19). 

Measure PC1 PC2 

IPCA1 0.235 0.095 

MASV1 0.257 -0.186 

MASV 0.257 -0.198 

ASV1 0.276 0.153 

ASV 0.277 0.085 

Za 0.277 -0.289 

EV 0.278 0.050 

SIPC 0.270 -0.327 

ASTAB 0.300 -0.139 

WAASB 0.110 -0.581 

SI -0.195 -0.480 

MHPRVG 0.310 0.194 

PRVG 0.313 0.186 

Yield 0.313 0.186 

% variance 63.87 16.12 

Measure PC1 PC2 

IPCA1 0.267 -0.079 

MASV1 0.283 0.146 

MASV 0.283 0.146 

ASV1 0.283 -0.102 

ASV 0.283 -0.102 

Za 0.281 0.192 

EV 0.255 0.153 

SIPC 0.281 0.192 

ASTAB 0.292 -0.019 

WAASB 0.159 0.649 

SI 0.270 0.123 

MHPRVG 0.259 -0.363 

PRVG 0.259 -0.363 

Yield 0.259 -0.363 

% variance 82.86 11.44 

Fig 1. Biplot graphical analysis of stability measures for 

wheat genotypes evaluated under MET (2018-19). 

Fig 2. Biplot graphical analysis of stability measures for 

wheat genotypes evaluated under MET (2019-20).  
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measures had maintained only negative correlations. 

Similar nature of MHPRVG and PRVG observed with 

other stability measures (table 12).  Values of SI 

measure had expressed only indirect relations of high 

degree with measures except with yield, PRVG and 

MHPRVG values. WAASB had positive relations with 

most of the measures and of negative correlation val-

ues with SI, yield and MHPRVG values.  AMMI based 

measures, ASTAB, SIPC, EV, Za, ASV, ASV1, MASV, 

MASV1 expressed only positive correlation values 

themselves and with others. The negative correlation 

of AMMI based measures with SI, MHPRVG, PRVG 

and yield was also observed.    

Conclusion 

 Highly significant effects of environment (E), GxE  

interaction and genotypes (G) observed by AMMI 

analysis during 2018-19 and 2019-20 study years. 

Complex GxE interaction for wheat yield had been 

judged by higher sum of squares for GxE interaction 

as compared to genotypes. Stability measures by  

simultaneous use of AMMI model and yield would be 

more meaning full and useful as compared to 

measures consider either the AMMI or yield of geno-

types only. Superiority index significantly correlated 

with yield and analytic measures of yield. Measures 

considering all significant interaction principal compo-

nents i.e. MASV, MASV1, WAAB and SI would be 

used to identify stable high-yielding genotypes.  
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