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Abstract 
 AMMI stability values along with adaptability measures MASV and MASV1 identified HB14-15, 
HB14-40, HB14-16 genotypes. Relative Performance of Genotypic Values (RPGV) measure had settled for 
HB14.32, HB14-18, HB14-14 genotypes. Superiority indexes allowed variable weights to yield and stability 
measures considered HB14.32, HB14-18, HB14-20 as of genotypes with high yield and stable performance.  
Highly significant variations due to environments (64.2%), GxE(11.4%) and genotypes (9.1%) were observed 
in AMMI analysis of Faba bean genotypes in Hisar under field trials from rabi 2013-14 to rabi 2018-19. 
Biplot analysis had observed a cluster of RPGV, MHRPGV, along with the superiority measures as per 
arithmetic, geometric and harmonic means of yield values. Association analysis observed the stability 
measures W1, W2 and WAAS maintained direct relationship with AMMI based measures. Superiority 
indexes exhibited positive strong correlation with Sdev, PRVG and MHPRVG measures. 
 
Introduction  
 Faba bean (Vicia faba L.) is a multi-purpose crop in warmer areas and very well 
accommodated in dominant cropping cycles owing to short growing season as observed in south 
eastern Ethiopia (Tadesse et al. 2021) . Genotype × Environment interaction is one of the most 
important aspects of the crop breeding as the response of the cultivars generally varies under 
different environments due to the genotypic differential responses in multi-dimensional 
environment (Papastylianou et al. 2021). Recently AMMI analysis based measures had been 
advocated in the breeding experiments for the stability assessment of genotypes (Agahi et al. 
2020). Numbers of AMMI analytic measures have been compared in recent literature to interpret 
the stable performance of genotypes or lines irrespective of crops. Now days the variable weights 
to yield and stability of genotypes as per the objectives of the breeding improvement program has 
been facilitated by   superiority indexes (Olivoto et al. 2019). The present study was carried out to 
analyze stability of genotypes by AMMI and Superiority indexes, to differentiate genotypes 
performance   possessing high yield along with general and specific adaptations of genotypes and 
to find out the association among the stability measures.  
 
Materials and Methods 
 Twenty promising Faba bean genotypes were evaluated over the period of five years at MAP 
Section, Department of Genetics and Plant Breeding, CCS Haryana Agricultural University, Hisar 
during the period of 2015-16 to 2019-20. Field trials were conducted in Randomized Complete 
Block designs with three replications. Row to row spacing was kept 30 cm and plant to plant 
spacing was 10 cm. Recommended agronomic practices were followed to harvest yield. Data were 
recorded on plant height, branches/plant, pod length (cm), pods/plant and yield (q/ha). AMMI 
analysis was performed using AMMISOFT and SAS software’s.  
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Results and Discussion 
 Highly significant effects of plant height, branches/plant, pod length (cm), pods/plant and 
yield (q/ha) traits had been expressed by genotypes over the years as well as in combined analysis. 
Major portion of total sum of squares in the ANOVA table was accounted by genotypes effects as 
compared to error components (Table 1). AMMI analysis revealed highly significant variation due 
to environments, GxE interaction, and genotypes (Table 2). This analysis also revealed that about 
64.2% of the total sum square of variation for yield was due to the environments, whereas 11.4% 
was due to genotype by environment interaction, and only 9.1% was because of the genotypes. 
The first two highly significant AMMI components accounted for 94.6% of the total variation. 
 
Table 1. Analysis of variance for morphological traits. 
 
Traits Factor 

(MSS) 
2015-16 2016-17 2017-18 2018-19 2019-20 Pooled Year 

(MSS) 
Interaction 

(MSS) 
 Genotype 70.95 70.95 19.23 3.02 8.18 76.79 2014.40 23.88 
Yield Error 11.69 9.33 10.70 9.39 11.79 11.19   
 CD at 5% 5.70 5.09 5.46 5.11 5.73 2.41 1.35  
 Genotype 486.28 494.83 137.58 360.13 68.93 718.21 31505.84 207.39 
Plant height Error 5.75 0.79 21.42 0.66 0.47 11.41   
 CD at 5% 4.00 1.48 7.72 1.35 1.15 2.44 1.36  
 Genotype 4.47 0.37 0.39 1.85 0.19 1.61 99.40 1.42 
Number of  
branches 

Error 0.08 0.06 0.34 0.04 0.05 0.13   

 CD at 5% 0.46 0.40 0.97 0.35 0.39 0.26 0.15  
 Genotype 1.22 0.32 0.40 0.24 0.35 0.40 2.48 0.53 
Pods length Error 0.02 0.03 0.13 0.02 0.04 0.05   
 CD at 5% 0.23 0.29 0.59 0.26 0.32 0.16 0.09  
 Genotype 625.65 665.71 66.29 405.12 21.77 616.36 32968.01 292.05 
Number  of 
pods 

Error 156.80 42.60 60.19 39.19 7.16 64.96   

  CD at 5% 20.88 10.88 12.94 10.44 4.46 5.81 3.25  
 

Table 2. AMMI analysis of Faba bean  genotypes. 
 
Source Degree of 

freedom 
Mean sum 
of squares 

Level of 
significanc

e 

% of total 
sum  of 
squares 

% of GxE 
sum of squares 

Cumulative % SS 
by PCA’s 

Treatments 79 134.715 *** 84.83   
Genotypes 15 76.78794 *** 9.18   
Environments 4 2014.404 *** 64.23   
GxE 
interactions 

60 23.88417 *** 11.42   

IPC1 18 60.9985 ***  76.62 76.62 
IPC2 16 16.10679   17.98 94.60 
IPC3 14 5.52632   5.40 100.00 

Error 160 11.89186     
Total 239 52.49031     

 
 AMMI derived measures based on the use of significant IPC’s were calculated as EV1, 
ASTAB1, SIPC1, D1 measures (only first significant IPC; benefited 76% GxE interaction), while 
ASV, EV2, ASV1, ASTAB2, SIPC2, D2 based on first two significant  utilized 94%, finally EV3, 
ASTAB3, SIPC3 and D3 considered three IPC’s used up to 99% of variation. Values of IPCA’s in 
the AMMI analysis indicate stability or adaptability of genotypes. Absolute IPCA-1 scores pointed 
for HB14-40, HB13-10, HB14-07, HB14-36 (Table 3). While for IPCA-2, HB14-15, HB14-16, 
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HB14-40   would be genotypes of choice. Values of IPCA-3 favoured HB 14-20, HB 14-42,  
HB14-43,  genotypes. Minimum and maximum values of EV1 observed for (HB14-40, HB14-07, 
HB14-36) and (Vikrant, HB14-14) while corresponding to D1 were (HB14-40, HB14-07, HB14-
36) and (Vikrant, HB14-14),  values of SIPC1 marked for (Vikrant, HB14-31, HB14-22) and 
(HB14-14,  HB14.32) and for ASTAB1 were (HB14-40, HB14-07, HB14-36) and (Vikrant, 
HB14-14). EV2 pointed towards (HB14-15, HB14-16, HB14-40) as desirable at the same time 
undesirable genotypes (Vikrant, HB14-25), for values of D2 genotypes were (HB14-15,  HB14-
40,  HB14-36) and (Vikrant , HB14-14).  Whereas as per SIPC2 were (Vikrant , HB14-31, HB14-
22), (HB14-14, HB14.32) and of ASTAB2 were (HB14-15, HB14-40, HB 14-16) & (Vikrant , HB 
14-14). EV3 pointed for HB14-15 HB14-40, HB 14-18 while D3 favoured HB14-15, HB14-40, 
HB14-16 and ASTAB3 settled for HB14-15, HB14-40, HB14-16 Faba bean genotypes. Using first 
two IPCAs in stability analysis could benefits dynamic concept of stability in identification of the 
stable high yielder genotypes. ASV1 measures recommended (HB14-40, HB14-15, HB14-36) and 
ASV pointed towards (HB14-40, HB14-15, HB14-36) as of stable performance and jointly 
marked Vikrant, HB14-14 as unsuitable ones.  
 Adaptability measures MASV and MASV1considered all three significant IPCAs of the 
AMMI analysis and identified HB14-15, HB14-40, HB14-16 genotypes would express stable 
yield whereas genotypes Vikrant, HB14-25, HB14-14 be of unstable yield performance by 
MASV1 and MASV measures, respectively. 
 The genotype with the smallest WAASB value had been ranked with the first-order. 
Preferences of genotypes varied from HB14-40, HB 14-07, HB14-36 based on W1 to HB14-40, 
HB14-15, HB14-36 as per W2 values while HB14-40, HB14-15, HB14-07 by values of WAAS 
(Table 4). The genotype’s ranking was altered utilizing more number of IPCAs in the stability 
estimation which was also supported by the findings of Tadesse et al. (2021). Higher average yield 
selected HB14.32, HB14-18, HB14-14 genotypes, while the lowest yield was of Vikrant (Table 4). 
This measure is simple, but not fully exploiting all information contained in the dataset. Consistent 
performance of Vikrant, HB14-31, HB14-22 justified by standard deviation along with CV values. 
Geometric adaptability index values also recommended for HB14.32, HB14-18 and HB14-14. 
Harmonic mean measure found maximum values by HB14.32,  HB14-18, HB14-14 genotypes. 
Harmonic Mean of Relative Performance of Genotypic Values (HMRPGV) ranked HB14.32, 
HB14-18, HB14-14 as the top performer genotypes. Relative Performance of Genotypic Values 
(RPGV) had settled for HB14.32, HB14-18, HB14-14 genotypes. Superiority indexes assigned 65 
and 35 as relative weights to yield and stability pointed out genotypes HB14.32, HB14-18, HB14-
20 would maintain high yield and stable performance.  SI measure, considered GM and stability 
pointed for HB14.32, HB14-18, and HB14-20 genotypes. Values of SI, using HM and stability, 
favoured the HB14.32, HB14-18, and HB14-20. Similar findings were also mentioned by Verma 
et al. (2021). 
 The first two significant PCs has explained about 88.9% of the total variation with respective 
contributions of 61.6 and 27.8 by PC1 and PC2. Two major clusters were observed in biplot 
analysis and seen in two quadrants only. Group comprised of AMMI based measures based on 
one, two or more number of interaction principal components observed in second quadrant (Fig. 
1). More over RPGV and MHRPGV along with Arithmetic, geometric and harmonic means as 
well as superiority measures as per these measures expressed bondage with each other (Fig. 2). 
Obtuse angles of Superiority measures as per mean, geometric and harmonic expressed with 
ASTAB1, ASTAB2, ASTAB3 measures. 
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Fig. 1. Clustering pattern of various measures. 

 

 
Fig. 2. Biplot analysis of stability measures vis a vis  genotypes.  
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 AMMI based measures expressed highly significant positive values of correlation themselves 
along with negative values for SIPC1, SIPC2, SIPC3 etc (Table 5). Even MASV and MASV1 also 
maintained negative relationship with Mean, Sdev, CV, geometric and harmonic means PRVG, 
MHPRVG showed direct relation with SIPC1, SIPC2, SIPC3 measures. Similar trends were 
observed for superiority indexes based on these means and IPC1, IPC2, IPC3 values. Stability 
measures W1, W2 and WAAS maintained direct relationship with AMMI based measures while 
exception of SIPC(s) measures. Superiority indexes as per various measures exhibited positive 
strong correlation with Sdev, PRVG and MHPRVG measures (Anuradha et al. 2022). PRVG and 
MHPRVG measures showed indirect relationships with AMMI based measures. 
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