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Background and Objectives: Common vetch (Vicia sativa L.) is a
widely distributed legume used mainly as forage and green manure. It is
an important feed source in Iran’s rangelands, especially during winter
and early spring, yet its genetic diversity for key agronomic traits such as
forage and seed yield is still poorly understood. Because of its adaptabil-
ity to low-input and organic farming systems and its nitrogen-fixing
ability, common vetch is well suited for crop rotation in low-rainfall
areas as an alternative to continuous cereal cultivation. Additionally,
intercropping vetch with cereals, without requiring nitrogen fertilizers,
can improve soil fertility and increase overall system productivity. Us-
ing mixed-effects models, Best Linear Unbiased Predictions (BLUPS)
are estimated to accurately quantify the genotype x environment interac-
tion (GxE). These estimates are subsequently evaluated through the Ad-
ditive Main effects and Multiplicative Interaction (AMMI) analysis and
singular value decomposition (SVD). The integration of AMMI and
BLUP methodologies enables a more precise assessment of random ef-
fects and facilitates the computation of genotype stability indices based
on the Weighted Average of Absolute BLUP Scores (WAASB). The
study aims to identify high-yielding and stable common vetch genotypes
under autumn sowing conditions. Using the Multi-Trait Stability Index
(MTSI), researchers evaluate genotypes more accurately by simultane-
ously considering multiple traits across different environments.

Material and Methods: In this study, eight promising vetch genotypes
along with “Maragheh”, and “Tolo” cultivars were cultivated in a ran-
domized complete block design for five consecutive cropping years
(2019-2024) in Kogiluyeh and Boyer Ahmad / Gachsaran,
Lorestan/Khoramabad, Ilam/chardavel and Mehran. The seeding rate
was set at 150 seeds per square meter. Seeds were sown in four rows,
each 7 m in length, with a row spacing of 25 cm, covering an area of
approximately 7 m2. A distance of 0.5 m was maintained between adja-
cent plots. For each genotype, several agronomic traits were measured
across different years, including grain yield, hundred-seed weight, fresh
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forage yield, total biomass yield, number of pods per plant, harvest in-
dex, straw yield, and single-seed weight. Genotype stability assessment
and statistical analyses, including the estimation of the Multi-Trait Sta-
bility Index (MTSI) and genetic parameters, were conducted using the
multi-environment trial analysis package metan and the GGE method
implemented in the R statistical software environment (R Core Team).
To quantify genotypic stability, singular value decomposition was ap-
plied to the matrix of best linear unbiased predictions (BLUPSs) of geno-
type X environment interactions using a linear mixed-effects model.
Variance components were estimated using the restricted maximum like-
lihood (REML) method, and the significance of random effects was
evaluated using the likelihood ratio test (LRT).

Results: The mosaic diagram showed that the contribution of the sum of
squares of genotype and the genotype x environment in the total sum of
squares was 8.91 and 55.65%, respectively. The Likelihood Ratio Test
(LRT) showed that the effect of genotype by environment interactions
(GEI) was significant on grain yield, fresh forage yield, biological yield,
100-seed weight, harvest index, straw yield, and Single seed weight. The
Screet test showed that the five primary components had a significant con-
tribution to the GEI matrix derived from BLUP, So that the first to sixth
principal components explained 51.6, 25.6, 10.1, 5, 4.2, and 1.8 percent of
the variation in genotype-environment interaction, respectively.

Conclusion: In general, based on the results of all methods and simulta-
neous selection based on grain yield stability and all measured traits
(MTSI), genotypes 1, 2, 5, 3 and 4 were stable and superior genotypes,
compared to the average of the total traits of the genotypes.

Cite this article: Pezeshkpour, P., Vaezi, B., Sabzi, Z., Mahinkhah, M. 2026. Evaluation of
grain yield and biological yield performance stability of vetch genotypes using AM-
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Table 1. Names and origins of advanced vetch cultivars and genotypes

K8

s ! .
Code Genotype Origin
Gl V.S.IVAT-2004- 2003 Hungary
G2 V.S.IVAT-2004- 2490 Syria
G3 V.S.IVAT-2004- 2556 Cyprus
G4 V.S.IVAT-2004- 2558 Italy
G5 V.S.IVAT-2004- 2709 ICARDA
G6 V.S.IVAT-2004- 2717 ICARDA
G7 V.S.IVAT-2004 - 2721 ICARDA
G8 V.S.IVAT-2000- 1852-2755 ICARDA
G9 Maragheh C.V. IRAN
G10 Tolo. C.V. IRAN
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Table 2. Annual rainfall and geographical characteristics of the experimental areas
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Figure 1. Ratio of variance components for studied traits in vetch genotypes in multi-environment
experiments (Gen: genotype, Env: environment) Grain yield (GY), fresh matter yield (WY), bio-
mass yield (By), number of pods per plant (PP), number of seeds per pod (SP), hundred-seed

weight (SW), harvest index (HI) and straw yield (YS)
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Figure 2. Genotype-environment interaction (GEI): A. Heatmap of the distribution of genotype
performance in environments based on the color difference and diversity of genotypes and envi-

ronments, B. Mosaic diagram to display the contribution of components (numbers 1 to 8) to the
G+GE variance, and C. Root of the GEI matrix characteristic
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Table 3. Evaluation of the significance of factors in the mixed model and estimation of variance
components using the restricted maximum likelihood method for the studied traits
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Figure 3. Predicted grain yield of vetch genotypes based on best linear unbiased prediction (BLUP)
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Figure 4. Predicted biological yield of vetch genotypes based on best linear unbiased prediction (BLUP)
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Figure 6. Discriminant power and representativeness of environments or environment-based scal-
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Table 5. Values of each of the measured traits in the first two factors of factor analysis

s Traits Js el £33 Jole S1ral Ol ool bl
Factor 1 Factor 1 Communalities Uniquensses
<ls 5 Sas Grain yield -0.883 -0.191 0.816 0.184
5 oasle s Shes Fresh forage yield -0.731 -0.383 0.681 0.319
035 Sy 3 Shes Biological yield -0.63 -0.677 0.856 0.144
g3 B sl Number pod per plant -0.0217 -0.934 0.873 0.127
als do 035 100 seed weight -0.95 0.114 0.915 0.085
by el Harvest index 0.443 -0.789 0.82 0.180
o5 5 Shas Straw yield -0.42 -0.661 0.613 0.387
<l S5 05 Single seed weight -0.949 0.114 0.913 0.087
oy polie Eigenvalues 4.8 2.23
(5 oty Sl e % of variance 51.6 29.5
(1) razs gmazs Cumulative variance (%) 51.6 81.1
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