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Comprehensive abstract

Introduction

Genotype x environment interaction (GEI) significantly affects the performance of different
genotypes under various environmental conditions, posing challenges for agricultural researchers
focused on improving crop varieties. Selection and introduction of genotypes, as a key steps in
breeding programs, is complex and time-consuming due to the impacts of biotic and abiotic stresses.
An ideal genotype should not only have high yield, but also be able to maintain its stability across
varying conditions and not have high yield fluctuations. This is a dynamic concept of stability and can
help identify suitable genotypes, however, none of the existing methods alone can explain all
dimensions of performance across different environments. Therefore, for the effective selection of
superior genotypes and understanding the genotype x environment interaction, it is essential to analyze
multiple datasets from multi-environment trials (METSs) from various aspects of yield stability. In this
regard, various methods with high accuracy have been proposed for analyzing the stability of
genotypes, which can be divided into two main groups, including non-parametric and parametric
(univariate and multivariate) methods. In this study, the efficiency of various non-parametric and
univariate parametric stability methods are comprehensively reviewed and compared with an emphasis
on cereals. Moreover, the fundamental concepts of GEI, its causes, its necessity and importance, as
well as how to evaluate the stability and performance of genotypes in METSs are explained.

Research findings

The results of this study indicated that stability analysis methods, including parametric methods
based on regression analysis and analysis of variance as well as non-parametric methods, each have
their specific advantages and disadvantages. It seems that parametric methods are more effective in
analyzing genotype X environment interactions, while non-parametric methods are more suitable for
analyzing non-crossing interactions. The sample size and the breeder’s objective are important and key
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factors in selecting the type of stability analysis method. In small sample conditions, parametric
methods have an advantage, however, as the sample size increases, the effectiveness of both methods
becomes nearly equal. It seems that the combination of these two types of indices can assist breeders
in selecting superior and stable genotypes.

Conclusion

In the current study, the effectiveness of non-parametric and parametric methods in assessing and
measuring the stability and performance in multi-environment trials (METs) was investigated and
compared. The use of various stability analysis methods enables researchers and breeders to select
promising genotypes based on performance and stability, ultimately contributing to increase the
sustainability of crop production and food security.
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Figure 1. A scheme of multi-environment trials data analysis
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Table 1. Some of the non-parametric stability statistics according to their utility
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- Kang’s total ranking statistics
i, (= 1)?
NI TR N = Z Z Iy — il /5 |
NP® — N ( ) =5 TOP-Fox ranking

;.

f 1y, Rank of the i th genotype in the j th environment; Tj;, average ranks across all environments for each genotype;

fjj, rank of the i th genotype in the j th environment based on the modified phenotypic values (i.e. Y;;

—Y,.), where Yj

is the phenotypic values of the rank of the i th genotype in the j th environment and Y. is the average yield of the i th
genotype; T;. and My as well as T;. and Mj;, average and median of the ranks based on uncorrected and corrected rj;
values, respectively; N, the number of experimental environments (Paul et al., 2016).
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Table 2. Analysis of variance for stability based on Perkins & Jinks (1968) model

Source of variation df Mean square
Ydf
Genotype s-1 !
S—-1
t a2
Environment (Joint regression) t-1 Szj;lej
t—1
Genotype Environment interaction (s-1)(t-1)
s B2 t 2
Non-uniformity between regression lines s-1 M
S-1
syt &2
Residual (s-1)(t-2) REDELE
S-D@k-1)
Error st(r-1) 0%
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il
Environment (Linear) 1 (Z ) /s
Z X
Genotype x Environment ( ij ])
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