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Table 1. Names of the advanced vetch cultivars and genotypes under study

Code Genotype Origin Code Genotype Origin
Gl V.S.IVAT-2004- 2003  Hungary G6 V.S.IVAT-2004- 2717 ICARDA
G2 V.S.IVAT-2004- 2490 Syria G7 V.S.IVAT-2004- 2721 ICARDA
G3  V.S.IVAT-2004- 2556  Cyprus G8 V.S.IVAT-2000-1852-2755 ICARDA
G4  V.S.IVAT-2004- 2558 ltaly G9 MARAGHEH C.V. IRAN
G5 V.S.IVAT-2004- 2709 ICARDA G10 TOLO C.V. IRAN
byl szl Bblis oSl s> sla Shg -V Joux
Table 2. Geographic characteristics of the experimental sites
Lo el 51 glis )l Jsb R Sae il Sk . _
o : : sl g ol luls
() bl ksl (o o)
. . . . Average Climatic )
Location Elevation AMSL (m) Longitude Latitude rainfall (mm) (conditions
Kohgiluyeh and Boyer-Ahmad / o 100 o can Warm
Gachsaran 668 30°,18'E 50°,59' N 596.8
Lorestan/Khoramabad 1147 48°,18'E 33°,29'N 445 Moderat cold
llam/Mehran 1898 45°24'E 31°,58'N 211 Moderat warm
llam/ Shirvan chardavol 975 33°34'E  46°29'N 603.9 Moderat warm

VEY B YA sla Lo jo olyy Jad Job jo Siales] slhal Bble a¥ls Sai)l olime -Y Jgo
Table 3. Annual rainfall of the experimental sites during the cropping seasons (2019-2024)

Location 2019-2020 2020-2021 2021-2022 2022-2023 2023-2024
Kohgiluyeh and Boyer-
Ahmad/Gachsaran 435.2 (E1) 591.5 (E2) 331.5(E3) 491 (E4) 580.5 (E5)
Lorestan/Khoramabad 523.6 (E6) 304.9 (E7) 307 (E8) 462.7 (E9)  489.8 (E10)
llam/Mehran 318.3(E11) 276.3 (E12) - 54.1 (E13)  205.6 (E14)
llam/ Shirvan chardavol 603.6 (E15) 302 (E16) 223.6 (E17) 493.4 (E18) 555.5(E19)

A VALY sl lare oaumo i s 5 4 E19 GEL
E1 to E19 represent environments 1 to 19, respectively.
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Table 4. Combined analysis of variance and genetic parameters in a mixed model using REML
method for the investigated traits

i gl 4?)_»» s s adgle o Sloc > Slos 5 BDle laws 5o als slass
ol ¥ 0385 S Ay e
. Fresh . . Number of ~ Number of
S.0.v df Gir(jll'dn forage BIOIiZ?('jcaI pods per seeds per
y yield y plant pod
Environment (E) Lo 18 14.95™ 8123.5™ 908628™ 3276.5 4786.4*"
Replication in
ENVIroNMeNt Lue 15 55 38 0.47 62.8 23674 68.5 101.4
Genotype (G) wussss 9 1.45™ 420.1™ 2817 215 149.7"
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G X E Lume ) cuigiy 162 0417 443" 3546 29.9 92.9™
Error s 342 0.07 22.7 4973 25.2 10.0
Genotypic variance _.ills 0.018 6.59 0.09 1.63 0.99
s (8.91) (18.06) (3.99) (1.15) (1.59)
GXE variance ,s c.usssj bl 0.11 7.21 0.72 1.51 15.67
Lo (55.65) (19.75) (33.23) (5.65) (25.05)
Residual variance .., 0.07 22.7 1.35 5.657 459
aaile 3l olie (35.45) (62.19) (62.77) (93.2) (73.36)
Phenotypic variance .,
YPIE VOTIENGE =) 0.20 36.5 2162 26.73 62.57
Broad-sense heritability 0.089 0.18 0.04 0.005 0.02
oy Sy dl g
GEI isla 5l janiess cu
Detection coefficient of GEI 0.56 0.19 0.33 0.06 0.25
effects
5 OeSilen s 071 0.89 0.58 0.01 0.38
Genotypic mean heritability
iyl ool <83 0.84 0.94 0.76 0.02 0.62

Genotype selection accuracy
Ol 0 (55 polie G (Sores
o Lonne 0.61 0.2411 0.35 0.06 0.25

Correlation among genotype
values across environments

95 Dy gy
Genotypic coefficient of 10.18 12.02 5.689 0.02 2.25

variation (%)
oxilo Bl polie &l pis o
Residual coefficient of
variation (%)
Core 2 P Dlyed cupd 5
oo Sl polie it 0.50 0.5389 0.2524 0.01 0.15

Ratio of genotypic CV to
residual CV

20.31 2231 22.54 23.55 15.27

#*

A il lg do o 3l Sl slacl sy Vg 0 Jleizl Zolaw jo lo Soe o 5 4
*and **: Significant at the probability levels of 5% and 1%, respectively. Numbers in parentheses are
percentage variance.
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Table 4. Continued.
i gilie TR ey = oS o Sloc
sl als cils
100-seed  Harvest Straw
SOV df wieght index yield
Environment (E) L. 18 4753 144115~ 177517
Replication in environment L o 5 38 1.01 84.3 4.52
Genotype (G) s 9 1.5™ 277.1™ 3.84™
G X E Lo 15 i 162 0.93" 1425 2.82"
Error U 342 0.46 101 1.35
. . 0.01 2.36 0.02
Genotypic variance  .ss5 bl (1.59) (2.02) (0.95)
: 0.16 13.84 0.48
GXE Varance Lo > cwiss bl (25.1)  (1181)  (26.19)
Residual variance owls 5L polis il g (%12) (8160118) (%2322)
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GEl sla il jarseis o
Detection coefficient of GEI effects
595 xSl s pdy il
Genotypic mean heritability
e oLl s
Genotype selection accuracy
blase (e 5o (ogi) polie (Ko

Correlation among genotype values across environments

5555 Sl ypd
Genotypic coefficient of variation (%)
oaile Bl polie &l i oo
Residual coefficient of variation (%)

oo Bl polie Ol b p (o593 Ot o £

Ratio of genotypic CV to residual CV

0.63 117.2 1.866
0.016 0.02 0.01
0.25 0.12 0.26
0.38 0.48 0.26
0.67 0.69 0.51
0.26 0.12 0.26
2.25 5.10 3.33
15.26 33.38 29.03
0.15 0.15 0.11

At il )ly doyo 35l 3l slacl lasyo Y 5 0 Jlais ] Folaw 5o lo gixe o 5 4 ¥
and **: Significant at the probability level of 5% and 1%, respectively. Numbers in parentheses are

*

*

percentage variance.
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Table 5. Average measured traits and ranking results of different selection indices in common
vetch genotypes

o Slas > > olass . oS 5 Shas
Sadgle ooy Can o abslas sse oo
59 o) 4l 2 BBl . 2
) FERY) RS Bl o e, sls (1) culo,
()L'ZSJb » Ay ()LSJZ?
(LS (LS
Grain f';rrzsg Biological ';I;Jmob desr Number iggd Harvest Straw
Genotype  vyield (t yieldg(t yield (t r?er of seeds weight index yield (t
-1 -1 0 -1
ha1) har®) ha1) plant per pod © (%) hat)
Gl 1.44 22.32 5.59 22.5 5.24 4.27 69.75 4.15
G2 1.45 22.21 5.73 21.58 5.26 4.59 64.94 4.28
G3 1.42 21.95 5.2 21.55 5.09 4.23 80.63 3.78
G4 1.39 23.29 5.44 21.95 5.19 4.6 67.15 4.05
G5 1.43 23.49 5.37 20.44 5.22 4.64 55.93 3.95
G6 1.33 22.08 5.14 20.86 5.02 45 72.35 3.81
G7 1.34 22.69 4.99 21.19 5.02 453 62.28 3.64
G8 1.34 22.95 5.03 21.5 5.24 4.47 71.8 3.69
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G9 0.96 15.9 4.57 21.53 4.87 4.24 74.67 3.61
G10 1.12 16.71 4.61 20.15 4.97 4.29 63.88 3.5
NN PRSP
Table 5. Continued.

Lo EYS COVRWESR KYS UOVRWSRY KYS COVRWISRY
59 9” 3 4 o sold 4 Cos sold 4 o Pl s glo jaSls 4,
T eSila eslls al e
Jleas!
Yield Yield Yield relative Ranking of various selection
relativeto  relative to to the indicators
Genotype SIG average Tolo check Maragheh SIIG MGIDI FAI- MTSI
(%) (%) check (%) BLUP
Gl 0.73 108.9 108.9 150.0 1 1 4 3
G2 0.71 109.7 109.7 151.0 4 2 1 7
G3 0.72 107.4 107.4 147.9 2 5 5 2
G4 0.72 105.1 105.1 144.8 3 3 2 1
G5 0.58 108.2 108.2 149.0 7 8 7 9
G6 0.66 100.6 100.6 138.5 5 6 6 4
G7 0.55 1014 101.4 139.6 8 7 9 5
G8 0.65 101.4 101.4 139.6 6 4 3 6
G9 0.31 72.6 72.6 100.0 9 9 8 10
G10 0.23 84.7 84.7 116.7 10 10 10 8

bl Galize sl aslis 5l oolanul b calize 3ble jo Sl glacuiss) (Kb -7 oo
Table 6. Average of selected genotypes different regions using different selection indices

als o Slos
sl g 5 adsle 0 Sloe 00gi Cannj o Slee 0 e olaws 5o als olass
ol ol (LS o o) (LSe o o) digy e
(S
Selection Selected i:;lg Fresh forage Biological I\;)L:)n;?%re?f nggjze;e?f
. h it : o
index genotypes (tha') yield (thal)  vyield (t.ha't) plant nod
MGIDI G1, G2 1.44 22.26 5.66 22.04 5.25
MTSI G4, G3 1.41 22.62 5.32 21.75 5.14
FAI-BLUP G2, G4 1.42 22.75 5.59 21.77 5.23
G2, G4,
SIG Gl G3 1.43 22.44 5.49 21.89 5.19
Average - 1.42 22.52 551 21.86 5.20
£ Jgaz aalsl
Table 6. Continued.
bl jasls (p,5) als o (439 ) cils p sl (LSe 4o op) oS & Slae
Selection index 100-seed weight (g) Harvest index (%) Straw yield (t.hal)
MGIDI 4.43 67.34 4.22
MTSI 1.41 22.62 5.32
FAI-BLUP 4.59 66.04 4.17
SIG 4.42 70.62 4.07
Average 3.71 56.66 4.44
o Slas s Cadgiy loged ol Ho (Y JSS) El s ES ‘juoren gE4 gE2 (oo ol 59,000 jo
bl ol Wlgs o o Jams plod jo eSS A oo lis aS wilad )3 18 wa 4 o3
I, G4 4 G3 G5 G2 slacusgy (wlal oyl Ol sy o stelive gl slagSl 04,5
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Sile slacais; Sglite slo STy 5 6,508
Wlos )57 )55 alie slalame jo 1, (Jgono
Dong, 2019; Georgieva et al., 2015; Parissi )

(etal., 2022
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P W

Traits

- GEN . GEM:ENW - Residual

(dazee BNV (o655 :GeN) axlllas 5550 Slao gl uilylg (slaadlie o -V o
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Figure 1. Ratio of variance components for the studied traits (Gen: genotype, Env: environment)
Grain yield (GY), Fresh forage yield (WY, Biological yield (BY), Number of pods per plant (PP), Number
of seeds per plant (SP), 100-seed wieght (SW), Harvest index (HI), Straw yield (YS)
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Table 7. 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

Likelihood ratio test

PR PHCR RO NS 1 |

Statistics &l o Slos 5 adgle o Slae 0387 Sy ) & Shoe g 0 D slass
Grain yield Fresh forage yield Biological yield NumberF)?;nE[)ods per

Genotype GxE Genotype GxE  Genotype GXxE Genotype GXxE

Chlacg;Jare 001~ 1824 yoga3~ 26236 4202 53798 00011 15779
M)O\gaJ . ‘Cl )O)LD . W—’)-’A-"j
“and ™: Significant at 5 % and 1 % probability levels, respectively
Y sz aalol
Table 7. Continued.
Likelihood ratio test
tlaicam )3 i 9051

Statistics . d;li 5 fAJL» o:.-_}' als a9 bl sl oS o Slas

urmber p(I)arite €as per 100-seed wieght Harvest index Straw yield

Genotype GxE Genotype GxE Genotype GxE Genotype GxE

Chi-
square 1.1216 29.1946™ 1.1276 1.1276™ 2.3111 6.7637 0.4466 31.4896™
0.6)

Aoy ) 50 Jlisl ol )5 o sre i i a4
and **: Significantat 5 % and 1 % probability levels, respectively
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Figure 2. Heatmap of the distribution of the genotype yield in environments (years) based on the color
difference and diversity of the genotypes and environments
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Figure 3. Ranking pattern and selected genotypes based on MTSI index (a) and FAI-BLUP index (b).
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EXTENDED ABSTRACT

Introduction: Common vetch (Vicia sativa L.), as one of the important legumes of Mediterranean regions, is
of particular significance due to its high adaptability to low-input and organic farming systems as well as its
diverse uses. Since rainfed lands are exposed to fluctuations in rainfall across different locations and time
periods, and there is a high likelihood of moisture stress during critical growth stages, conducting multi-
environment trials is essential for identifying stable and high-yielding genotypes. Multi-trait stability selection
contributes to a more accurate evaluation of plant genotypes and facilitates more reliable results. Therefore,
the objective of this study was to select superior common vetch genotypes based ona number of morphological
traits using different indices derived from the REML/BLUP model, as well as the SIIG index, and to compare
the efficiency of these indices.

Methodology: In this study, eight advanced common vetch genotypes, along with the check cultivars
Maragheh and Tolou, were evaluated in a randomized complete block design with three replications at four
Agricultural and Natural Resources Research Stations located in Kohgiluyeh and Boyer-Ahmad (Gachsaran),
Lorestan (Khorramabad), and Ilam (Mehran and Chardavol) over five cropping seasons (2019-2024). Sowing
was carried out using a Wintersteiger experimental seed drill in four 7-m rows, with 30 cm spacing between
rows. Genetic parameters were estimated using the restricted maximum likelihood (REML) method. Statistical
analyses were performed using SAS and R software.

Research findings: According to the results of the combined analysis of variance, significant differences were
observed among environments and genotypes for most agronomic traits of common vetch. The genotype x
environment interaction effects were also significant for the majority of traits. REML-based estimates showed
that genotypic variance, residual variance, and GXEGXE variance explained 8.91%, 55.65%, and 35.45% of
the total phenotypic variance for seed yield, respectively. The REML results further indicated that the highest
and lowest heritability estimates were related to fresh forage yield and number of pods per plant, respectively.
Overall, by comparing the results obtained from different indices, the genotypes selected by the SIIG index
(G2, G4, G1, and G3) were identified as promising candidates for more advanced trials due to their superior
seed yield, biomass yield, number of pods per plant, hundred-seed weight, and straw yield. In addition, the
genotypes G1, G2, and G4 selected using the FAI-BLUP and MGIDI indices exhibited higher seed yield
compared with the check cultivars. These findings highlight the importance of integrating multi-trait selection
and stability analyses in common vetch breeding programs to enhance drought tolerance and ensure sustainable
yield improvement in rainfed agricultural systems, while also providing valuable insights for breeding
programs aimed at drought adaptation and yield enhancement.
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