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ABSTRACT

The genetic stability of genotypes under fluctuating environmental conditions is one of the most important
elements in plant breeding programs. These factors enable breeders to make decisions regarding the adaptability
of different genotypes to various environments. However, reactions of different genotypes to extreme
environmental factors such as water stress, high temperatures, salinity, and other stresses complicate the choice of
superior genotypes. So, analysis of genetic stability (in particular, the AMMI model) and estimation of GEI could
be one of the most important criteria that plant breeders should take into consideration. In this regard, plant breeders
use various statistical tools and methods for the detection of stable and high-yielding genotypes across
environments. Of the many tools available, AMMI Biplot is one such important and effective methodology. This
method is capable of showing those genotypes which combine genetic stability with productivity in various
environments. Such genotypes are considered stable due to their superior genetic makeup and resilience to
changeable environmental conditions. The AMMI-Biplot technique has been very efficient in the analysis of GEI
and in the identification of superior genotypes. In the plant varieties, genetic stability is thought of as a multivariate
character that is a consequence of the interaction of thousands of gene pairs with various environmental factors,
therefore causing wide variations in the phenotypic expression of the characters. Genetically stable genotypes
possess a high level of adaptability to diverse approved environments. The importance of this interaction in
agriculture rests on the fact that testing of varieties in more than one environment is a pre-requisite for its approval,
as well as for selecting a suitable environment and the development of genetically stable varieties resistant to
environmental fluctuations. For this reason, the relevance of AMMI analysis rests on the possibility of classifying
genotypes according to their stability in the environment, identification of optimal environments for each genotype,
and realization of the analyses of the genotype-environment interaction through biplots. The final objective of
AMMI analysis is thus to study the interaction of genotypes with environmental conditions for assessing
productivity stability of varieties.
Keywords: AMMI Analysis, Varieties, Yield Stability, Biplot Analysis, Multi-Environment Trials, Plant Breeding

Programs..
Copyright © 2025. This is an open-access article distributed under the Creative Commons Attribution License.

INTRODUCTION

The AMMI-Bi-plot analysis is a modern and highly efficient procedure for genetic stability analysis and variety
selection based on high productivity and stability. The AMMI model (Additional Main Effects and Multiplier
Interaction) tries to analyze interaction between genetic factors (genes) and various environments for the identification
of those genotypes that interact positively with desirable environmental conditions. AMMI analysis helps to reveal
the genotypes whose performance in the environment has been stable; this will enable plant breeders to identify the
best varieties most adapted under differing conditions [1].
GEl interaction poses a constant challenge for plant breeders, as it weakens the correlation between phenotypic and
genotypic values and complicates the selection of genotypes when assessed in multiple environments [2, 3, 4]. In the
presence of GEI, breeders often use the analysis of genetic stability to discriminate between most productive and

233


https://kujas.uokirkuk.edu.iq/
https://orcid.org/0009-0001-2581-9448
https://orcid.org/0000-0002-7380-5307
https://orcid.org/0009-0008-8131-682X
https://orcid.org/0000-0003-0259-1070

stable genotypes. Several statistical methods have been developed and adopted regarding adaptability and stability
under changing environmental conditions [5, 6]. Variability in genotype performance across environments is a key
criterion for stability; a genotype is considered stable when its performance variability is low [7, 8].

Understanding the genotype x environment interaction is important to predict the performance of genotypes across
sites. Thus, considerable attention has been paid by researchers to assess this interaction through binary AMMI
schemes to give appropriate recommendations about the suitable cultivars for each environment. A highly stable
genotype shows a small sum-of-squared deviations and high coefficient of determination. Regarding this matter, the
AMMI model currently has become one of the most applied models for differentiation between stable genotypes
across multiple environments [9, 10].

The term "environment™ embraces the entire range of physical, chemical, and biological factors that interact to
influence plant growth; it often leads to a significant genotype-environment interaction [11]. Genetic variation is the
basis of breeding programs, as described by [12, 13]. Genetic correlation is a measure of the extent to which particular
genes controlling quantitative traits are associated together. This is frequently the reason why some varieties are
economically important because of their combination of desirable traits [14, 15, 16]. It may arise from pleiotropy,
gene clustering, or evolutionary relationships between traits [17, 18].

Analysis of genetic stability usually starts with ANOVA to estimate the main effects of genotypes and environments,
followed by PCA to examine the interaction component of the GEI. According to [1], the AMMI model combines
additive components due to main effects with multiplier components due to interaction effects. Where the genotype
and environment have the same signal on the IPCA axes, the interaction is said to be positive; a difference in sign of
the signal is taken to indicate a negative interaction. Large or positive IPCA values represent strong interaction, while
values close to zero indicate a low interaction [19]. The AMMI model is a critical basis for the classification of
genotypes by their stability, since IPCA1 values make important contributions to the genotype stability score. These
scores need relative weighting based on the relative contributions of IPCAL and IPCAZ2 to the mean squares of the
interaction as reported in [20, 21]. The AMMI stability value is the Euclidean distance from the origin in a two-
dimensional plot of the values of IPCALl and IPCA2. It is calculated using the formula by [22]: ASV =
(((SSPCA1/SSPCA2) (GPCA1)) 2 + (GPCA2))1/2 , Yijk = u+ Gi + Ej + B(E)k(j) + EMm =
1Amyimamj + éijk (m =1 - M) , where SSPCAL and SSPCA2 are the sums of squares for PCALl and PCAZ2,
respectively, and GPCAL and GPCAZ2 are the genotype scores for each principal component. The AMMI model, like
other GEI models, expresses interaction effects as a sum of M multiplicative components that explain variation across
M principal axes. When analyzing yield data, each combination of location and year is treated as a distinct
environment, and the dataset is analyzed using an ANOVA-based framework.

Previous Studies On The Use Of The Ammi-Biplot Analysis Technique To Assess Genetic Stability:

Found [23] in their study on (19) yellow corn hybrids that the genotype G10 performed best in terms of
performance, achieving the highest yield and greatest genetic stability across all environments, while genotype G1
was the least stable. Meanwhile, [24], in their study on (36) genetic combinations of bread wheat, showed that hybrid
number 14 (Irena x Veery) was the most stable under stress conditions, whereas combinations number 1 (S-78-11)
and number 30 (Chamran x Hirmand) were the least stable.

In the study by [25], which aimed to investigate the effect of ten environments on the yield of ten triple hybrids of
yellow maize, AMMI-Biplot analysis demonstrated the significance of genotype-environment interaction, with the
optimal hybrid being G10, which achieved the highest yield of 157.2 g per plant, followed by hybrid G8 with a yield
of 143.8 g per plant. Similarly, [26] concluded in their study in Ethiopia on 10 genetic combinations of bread wheat
that genotypes G9, G8, G10, and G4 were the most stable compared to other genotypes.

Another study [26] on (11) potato genotypes in Ethiopia found that the Ararsa genotype was the most stable, with an
average yield of 30.18 tons/ha, while the Gera and Bulle genotypes were less stable. Gudanie and Gorebella combined
high productivity and stability, with the Waka site recording the highest average grain yield of 33.52 tons/ha, while
the Gendo site recorded the lowest at 24.18 tons/ha. Gudanie and Gorebella are considered the optimal choices for
commercial production as they achieve a rare balance between high productivity and stability across different
environments.

Regarding the study [28] on (20) barley genotypes in Iran, AMMI analysis showed that genotype G4 was the most
stable across environments, while G5 and G6 exhibited general adaptability. The genotypes G7 and G13 showed
specific adaptation to particular environments; G7 was specially adapted to the Neishabour environment, and G13 to
the Esfehan environment. Genotype G1 produced high grain yield with stability.

In study [18] on (14) soybean genotypes grown at two locations in Iraq (Baghdad and Salahaddin), genotypes G11,
G10, G7, G6, and G12 were found to be the most stable due to their general adaptability.

Found [29] in their study on (15) promising genetic compositions derived from a reciprocal hybridization program
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involving six pure genetic lines of bread wheat that genotype G10 showed general adaptation and stability based on
the ASV value (a measure of stability in the AMMI model useful for distinguishing yield stability among genotypes).
[30], in their study on (8) bread wheat genotypes grown in (5) locations under heat stress, using two standard tests,
reported significant differences (p < 0.01) in genotype and location effects. AMMI analysis and ASV values revealed
that genotypes GEN4, GEN9, and GENS8 were genetically stable, whereas GEN5, GEN1, and GEN6 were most
sensitive to stress.

Study [31] on (21) oat genotypes in Iran indicated that genotypes G21 (Brusher) and G6 (Mortlock) were the most
adaptable due to their high stability and productivity under the conditions of Kermanshah province, with the highest
grain yield recorded in environment E5 and the lowest in E11.

Study [32] on (150) coarse wheat genotypes across two locations using additive main effects and multiplicative
interaction models found that the sum of squares was 59.8% for genotypes, 3.5% for environments, and 36.7% for
genotype x environment interaction (GEI).

In study [33] on (5) quinoa genotypes in Egypt, AMMI-Biplot analysis showed that the KVL-SRA3 genotype was
broadly stable across all environments, confirming it as an ideal genotype and recommending the expansion of this
nutritious crop’s cultivation, especially in arid areas. These results open horizons for adopting quinoa as part of Egypt’s
food security strategy, while the Regalona genotype was the least stable.

Study [34] on (324) white corn genotypes showed that genotypes G148, G123, G110, G203, and G73 were the best
in genetic stability and high yield compared to others.

In study [35] on (15) chickpea genotypes across eight environments in southeastern Turkey, AMMI analysis showed
that genotypes G1 and G10 had genetic stability and high yield, being the best across all environments, while
genotypes G2, G3, and G5 were adapted to specific environments.

In the study [36] on (32) barley genotypes, AMMI analysis showed that the most stable genotypes were R63N/22 and
R63N/61. It is recommended to include the lines R63N/61, R63N/22, and R63N/1 in breeding programs due to their
stability and their production of the highest average 1000-grain weight.

The study [37] on (30) peanut genotypes showed that AMMI analysis identified genotypes G18, G14, G7, G3, G1,
and G5 as the best performers. Genotype G1 was the top performer with the highest average yield and high stability
in the tested environment. According to the AEC line, genotypes G1 and G3 were highly stable, while genotypes G2
and G4 had low stability despite their high yield per hectare.

In study [38] on (18) chickpea genotypes in Iran, results showed that genotypes G5 and G9 were the most genetically
stable, whereas genotypes G12, G7, and G8 were the least stable. Genotypes G6 and G18 achieved the highest seed
yield.

In study [39] on (10) pea genotypes, it was found that the most genetically stable genotypes were 1, 4, and 8, while
the optimal environments were MO7B, MA7B, and CE7B, which produced the highest protein content. Genotypes 6,
7, and 10 should be avoided due to their poor adaptation and stability in the studied environments.

Study [40] on (26) spring wheat genotypes confirmed through stability analysis that varieties STH 21-03, STH 21-09,
and KOH 18279 recorded high yield and high genetic stability, making them ideal for breeding programs to achieve
stable performance across diverse environments.

Study [41] on (23) sugar beet genotypes revealed that genotype G10 was the best performer, achieving the highest
sugar beet yield (65.3 tons/ha), sugar content (15.68%), and sugar production (10.22 tons/ha), as well as the highest
stability across different environments. Genotypes G2 and G14 were partially stable in beet yield and sugar content;
G16 and G17 were stable in sugar content and production; while genotypes G8 and G11 had high yield but were less
stable. Environment E3 showed the least interaction with varieties and achieved the best performance for most
genotypes in beet yield and sugar content, while environment E1 excelled in sugar production. Genotype G11 was
superior in environment E2 for beet yield; genotype G19 showed the highest sugar content in the same environment,
and genotype G6 achieved the highest sugar production in environment E1.

In the study [42] on (11) peanut genotypes in Iran, genotypes 1ICG192 and ICG130 were adapted to environments TA1
and T Sequence, while genotype ICG178 was more adapted to environment MA2. Genotypes ICG140 and NC2 were
the best in environment RA2. Genotypes ICG178, ICG115, and ICG201 were the most genetically stable, whereas
NC2, ICG208, ICG130, and ICG192 were the least stable.

In study [43] on (20) bread wheat genotypes in Nepal under heat and drought conditions, AMMI analysis showed that
genotype NL 1404 was the most stable across both environments, while NL 1346 was optimal for its high yield and
genetic stability. Genotype NL 1350 was the least stable, and genotypes NL 1368 and BL 4407 had high yields but
were genetically unstable. Genotype NL 1179 was the most stable according to stability analysis. Genotypes NL 1376,
NL 1369, NL 1386, and NL 1387 were acclimated to heat stress environments, while NL 1384, Gautam, BL 4949,
and NL 1412 adapted to heat and drought stress environments.

In study [44] on (11) oat genotypes, researchers reported that genotypes G6 and G5 were the best in terms of high
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production and genetic stability across all studied environments.

Study [45] on (42) white corn genotypes showed that genotype G4 achieved the highest grain yield (4.648 tons/ha),
followed by genotype G16 with a yield of 4.646 tons/ha. Genotypes G23, G18, G29, and G11 were sensitive to
environmental changes due to strong genotype x environment (GXE) interaction. The optimal environments for testing
and comparison were AS20 and PW20/JM20.

Study [46] on (12) bread wheat genotypes tested in three different environments in the Awi region of Ethiopia (E1,
E2, E3) found that genotype G6 (Tay) had the highest productivity but was less stable, while genotype G7 (Hongolo)
was the most stable with high productivity. Genotypes G5, G7, and G10 were the most stable according to AMMI
analysis.

Study [47] on (20) barley genotypes grown in (5) locations in Iran concluded that AMMI analysis showed genotypes
G3, G9, G10, and G14 were ideal due to their high productivity (above the general average of 4.56 tons/ha) and low
IPCA values (high stability). Genotype G14 excelled in 6 out of 10 environments with high stability. These genotypes
are suitable for wide adaptation in warm, dry, and humid regions of Iran.

Study [48] on (30) rice genotypes in Nepal found that AMMI analysis identified Samba Masuli Sub-1 and Sugandhit
Dhan-1 as the most productive and genetically stable genotypes across tested environments. Promising genotypes like
Kalo Basmati can be used in breeding programs to develop new varieties.

In study [49] on (16) sugar beet genotypes, researchers showed that environment was the most influential factor on
sugar beet productivity, accounting for 74.25% of the variance. Genotype KWS4207 (G3) showed the highest stability
in yield and sugar content, while KWS4027 (G14) excelled in sugar content (16.52%) with high stability. Genotype
G3 was the most stable in yield and sugar content, and genotype G14 recorded the highest sugar content.

Finally, study [50] on (11) bread wheat genotypes in southern Ethiopia using AMMI analysis showed that genotype
G8 was the most stable across all locations. Genotype G11 had the highest yield, while G2 was the least stable.
Genotypes G11, G9, and G10 were suitable for Damot Gale and Kokate locations, with Damot Gale being the ideal
environment for testing variety performance.

Conclusions:

From the above, it is evident that AMMI biplot analysis is promising and highly efficient for the selection of
varieties with genetic stability influenced by the study factors. This technique allows the delimitation of varieties with
a strong genetic structure and high genetic potential that can tolerate unpredictable environments. Therefore, we
recommend the use of this technique in the identification of high-yielding and genetically stable varieties to ensure
the selection of the best genotype. The new varieties will be used in subsequent breeding programs.
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