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Table 1. Pedigree of barley genotypes used in the current research

Code 4l Pedigree o y>xi
Gl Auxin
G2 Rojo/3/LB. IRAN/Una8271//GIOna 'S"/Com"S"/4/Malouh//Aths/Lignee686
G3 Lignee 527/NK1272//JLB 70-63/3/Sahra
G4 Crl115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gvall...Alanda-01/6/Sahra
G5 KAROON/KAVIR//Rhodes'S//Tb/Chzo/3/Gloria'S' /4/Sahra/5/Y ousef
G6 KAROON/KAVIR//Rhodes'S'//Th/Chzo/3/Gloria'S' /4/Sahra/5/Y ousef
G7 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gvall...Alanda-01/6/Sahra
G8 Aths/Lignee686/4/Avt/Attiki//Aths/3/Gizal21/Pue (ICB95-0315-0AP-14AP-0AP-13AP-0AP-1AP-0AP)
G9 Malouh//Aths/Lignee686/4/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"
G10 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/LB.Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir
Gl1 CANELA/3/HEGE GS679.82/SHYRI//LAUREL/4/CERISE/SHYRU//... /5MALOUH//Aths/Lignee686/6/Nik
G12 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gvall...Alanda-01/6/Sahra
G13 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Nosrat
G14 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gvall...Alanda-01/6/Sahra
G15 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gvall...Alanda-01/6/Sahra
G16 Merzaga(Orge077)/Alanda-01//Express (ICB04-0710-0AP-2AP-0AP)
G17 Aths/Lignee686/4/Avt/Attiki/lAths/3/Gizal21/Pue (ICB95-0315-0AP-14AP-0AP-13AP-0AP-8AP-0AP)
glg BREA/DL70//3*CABUYA/3/PENCO/CHEVRON-gBA(I; (1CB09-1435-0AP-0TR-0AP-0TR-0AP-0TR)
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Table 2. Combined analysis of variance, likelihood ration test, and estimated genetic variance components for grain

yield and other measured agronomic traits

Oy guio

Mean square ol o (1 Slee
df Source of
GY TGW GFP DM DH PH variation
- o o o o - o
45.30 1499.42 1364.15 29119.02 22939.35 9519.45 3 -
Environment
Lo /1,5
0.71 29.65 3.56 6.37 3.42 72.72 8 Replication/
environment
2.53" 75.23" 10.76™ 13.86™ 16.54™ 196.38™ 18 S0
Genotype
1.48™ 15.43™ 11.53™ 9.48"™ 19.19™ 87.04™ 54 oA _’J‘
Interaction
s
0.33 2.91 2.45 2.28 2.33 12.15 144
Erro
15 4.20 4.25 9.76 1.29 3.47 CV (%)
Likelihood test / _sledcan)> Coms 9051
1.43 x 1042 151 x 10 1.43 x 102 1.21 x 10 7.18 x 101 4,13 x 1012 GEI
Genetic variation components /  S55 (wils)lg (slja
0.81 12.10 5.42 5.05 5.24 46.20 %
0.09 4.98 0.00 0.36 0.61 9.14 6%
0.38 6.46 0.03 2.36 2.32 24.98 o%Ge
0.34 2.92 0.02 2.30 2.35 12.14 o%
0.11 0.41 0.00 0.07 0.12 0.20 h?
0.42 0.79 0.00 0.32 0.44 0.56 h2m
0.47 0.45 0.55 0.47 0.44 0.54 R?- GEI
0.64 0.89 0.55 0.56 0.66 0.75 Accuracy
3.86 40.56 3.68 154.81 117.97 100.42 Mean
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**: Significant at 0.01 probability level.

bl ge il

DH, DM, GFP, PH, TGW, and GY indicate the number of days to heading, number of days to physiological maturity, grain filling period, plant height,

1000-grains weight, and grain yield, respectively.
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Figure 1. The heat-map related to men values of measured traits in the present study. DH, DM, GFP, PH, TGW,

and GY indicate the number of days to heading, number of days to phlysmloglcal maturity, grin filling period, plant

height (cm), 1000-grains weight (gr), and grain yie

4 G glojy cebl b Clao By bl el
Ol sl Sy plo am Olillbe ) 5 W3l lacwys plo
I3 g g (ooyn 290 02 OLEl i) olpen 4

(YA JS3) 5,5

d (tonnes h'Y), respectively

0l el p 5055 5l edelcanday zls el 5
i Olyea G5 5 GB G8 slacuiy; MTSI
sl liad s 53 G17 g5 5 loliss ossss

O g} ol €88 wmi g e cplply ©8)5 )18

Multi-trait stability index (MTSI)

G12 G14 G13 G2 G10 G9 G15G18 G16 G3 G7 G11 G4 Gl G19G17 G5 G6 G8

® Nonselected ® Selected

B

GY x WAAS biplot

125- "
'1

» 1.00 *
2]
2
8
9
2
L
2
2

3 4
5 075 *
o
| —~
k]

3 4 /
& * 0" ) 15. al)
& / \
g 050 . { o’
2
8 o " [ |
B °
2 13 o l “
o 5 /
é) 18 ® X o /
0.25- L 7
15. L) 17 .
® Env
1 P Gen
° o
" 12 v
T T T
3 4 5
GY

39 0k Jilde )3 il 5 Slae Sl o (A) (MTSI) tho vz ()l padld olul p g2 0ad Ll lacaiy Y JSB

(B)ostks 05
Figure 2. Selected genotypes of barley based on the MTSI index (A) and the biplot based on grain yield x the
weighted average of absolute scores (WAAS)
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Table 3. Mean values for grain yield in the 19 investigated barley genotypes across four different environments along with estimated stability statistics based on integrating AMMI and

BLUP models
ol &5 H; e oSk )
Code Darab Gonbad Zabol Moghan Average Rank WAAS Rank HMGV Rank RPGV Rank HMRPGV Rank
Mean R Mean R Mean R Mean R Mean STD Mean STD

Gl 412 11 3.52 11 4.54 12 3.01 6 3.80 0.58 10 2.35 0.12 1 3.70 9 3.84 10 3.83 9
G2 3.04 19 3.86 9 4.88 10 3.01 5 3.70 0.76 10.75 5.12 0.49 12 3.59 10 3.77 12 3.69 12
G3 4.22 10 3.94 7 5.75 3 2.56 12 4.12 113 8 3.39 0.33 9 3.80 6 4.05 5 4.02 5
G4 3.50 16 4.55 2 3.22 17 2.59 11 3.47 0.71 11.50 5.94 0.58 16 3.39 15 3.58 15 3.49 16
G5 5.63 3 4.01 4 5.37 5 3.10 3 4.53 1.03 3.75 0.83 0.26 7 4.21 2 4.43 2 4.42 2
G6 4.64 8 474 1 4.45 13 242 15 4.06 0.95 9.25 5.40 0.21 2 3.77 7 4.02 6 3.98 6
G7 4.98 7 3.91 8 3.69 15 2.86 7 3.86 0.76 9.25 3.34 0.37 8 3.72 8 3.90 8 3.85 8
G8 3.79 14 3.95 6 5.17 6 3.04 4 3.99 0.76 7.50 3.84 0.27 4 3.83 5 4 7 3.97 7
G9 5.46 4 4.50 3 6.65 1 2.64 9 4.81 1.47 4.25 2.95 0.49 19 4.26 1 4.60 1 4.56 1
G10 5.80 1 3.16 15 5.93 2 2,52 14 4.35 153 8 6.52 0.59 17 3.84 4 4.19 4 411 4
Gl1 5.29 5 2.81 19 4.99 8 2.54 13 3.91 124 11.25 531 0.46 13 3.57 11 3.85 9 3.79 10
G12 3.80 13 3.15 16 4.10 14 2.74 8 3.45 0.53 12.75 2.95 0.12 4 3.40 14 3.53 16 3.52 15
G13 4.99 6 3.02 18 4.92 9 2.04 19 3.74 1.26 13 5.61 0.40 10 3.36 16 3.67 14 3.62 14
G14 3.70 15 3.27 14 2.83 19 3.14 2 324 0.31 12.50 6.34 0.57 18 3.29 17 343 17 3.33 17
G15 3.99 12 3.72 10 3.09 18 2.27 16 3.27 0.66 14 3.16 0.44 14 3.20 18 3.37 18 3.33 18
G16 3.50 17 3.50 12 5.11 7 2.63 10 3.69 0.90 11.50 3.64 0.21 2 3.52 12 371 13 3.68 13
G17 4.62 9 3.96 5 5.65 4 3.39 1 4.41 0.84 4.75 2.86 0.17 6 4.18 3 4.36 3 4.34 3
G18 3.38 18 3.44 13 3.30 16 2.14 17 3.07 0.54 16 1.87 0.30 11 3.04 19 3.19 19 3.17 19
G19 5.76 2 3.13 17 4.65 11 213 18 3.92 1.39 12 6.36 0.58 15 3.49 13 3.83 11 3.74 11

Ot Sy las Slyes is Sl psS) A1 Sl g Ko 3 o5) wls 3, Khos (CM) Wiy g5, e S5l jed Sy b 5oy s el 505 b g, 3l ;Kb i 4 HMRPGV 4 RPGV HMGV WAAS TGW GY PH GFP DM DH

bl 55 G (s (L Sige)le (650l 5 (5 S el W 5 Gl b)) Sise e (xSike GE iiSeny I (s o)l slasning
DH, DM, GFP, PH, GY, TGW, WAAS, HMGV, RPGV, and HMRPGV indicate the number of days to heading, number of days to physiological maturity, plant height (cm), grain yield (tonnes h*), 1000-grains weight (gr), Weighted
average of absolute scores, Harmonic mean of genotypic values, Relative performance of genotypic values, and Harmonic mean of RPGV, respectively.
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Extended Abstract

Introduction and Objective: Multi-environment trials and study genotype-by-environment
interaction have a fundamental role in the selection of the high yielding and stable genotypes
across different environments before its commercial release.

Material and Methods: In the present study, 19 barley genotypes were evaluated across four
research stations including Moghan, Zabol, Gonbad, and Darab in a randomized complete block
with three replications in terms of the number of days to heading, number of days to
physiological maturity, grain filling period, plant height, 1000-grains weight and grain yield
during 2020-2021 cropping season.

Results: Statistical analyses showed a significant difference among environments, genotypes,
and their interaction for grain yield and other measured traits. The likelihood ration test (LRT)
showed significant effect for genotype-by-environment interaction on grain yield and other
agronomic traits, hence, the best linear unbiased prediction (BLUP) analysis was computed. The
values of estimated genetic variance components based on the BLUP model showed that the
genotype-by-environment interaction (GEI) effect accounted for a high portion of phenotypic
variance in all measured traits. Furthermore, plant height, 1000-grains weight and grain yield
showed the highest values for broad heritability compared with other measured traits. Based on
the multi-traits stability index (MTSI), genotypes G5, G6, G8, and G17 were identified as the
most stable genotypes. Besides, the biplot rendered based on grain yield and the weighted
average of absolute scores for the best linear unbiased predictions of the GEI recognized G5,
G9, G10, and G17 as high-yielding and stable genotypes compared with others.

Conclusion: In conclusion, our results revealed that genotype G5 has the most general
adaptability, and other identified genotypes showed specific adaptation with some of the warm
regions in the south and north of the country. Hence, this genotype can be introduced as a high-
yielding and stable commercial cultivar after an investigation of its stability over various years.

Keywords: Grain yield, Multi-traits stability index (MTSI), Warm climate



