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Abstract

Introduction

Barley is a key cereal crop known for its broad adaptability to diverse environmental conditions,
particularly abiotic stresses such as drought, salinity, and low temperatures. In semi-arid regions,
barley cultivars are exposed to drought stress during critical growth stages, which can significantly
affect productivity. Given the importance of selecting suitable cultivars for these environments,
this study aims to evaluate barley cultivars based on their morphological and phenological traits,
and to identify the characteristics most closely associated with grain yield, in order to determine
the best-performing cultivars under drought conditions.

Materials and Methods

In this experiment, 17 promising barley genotypes, along with four control genotypes, were
evaluated under two conditions: non-stress irrigation and terminal drought stress, during the 2022—
2024 growing seasons. The study was conducted using a randomized complete block design with
three replications at the Darab Agricultural and Natural Resources Research Station. The multi-
trait genotype—ideotype distance index (MGIDI) and multi-trait stability index (MTSI) was used
to identify superior genotypes based on grain yield and other measured traits. The evaluated traits
included number of days to heading (DHE), number of days to maturity (DMA), plant height
(PLH), grain filling period (GFP), grain filling rate (GFR), thousand grain weight (TGW), grain
yield (YLD), number of grains per spike (NGS), spike harvest index (SHI), spike fertility index
(SFIm), and spike weight (SPW).
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Results and Discussion

The combined analysis of variance for the studied traits indicated that the effects of environment,
genotype, and genotype x environment interaction were significant for all examined traits. The
environment was the primary source of variation for DHE, DMA, GFR, TGW, and YLD, whereas
genotypic effects were the main source of variation for PLH, GFP, NGS, SFIm, and SPW. Factor
analysis within each environment and across all environments revealed a strong association
between YLD and traits such as GFP, GFR, SHI, and SFIm. Indirect selection based on these traits
under both non-stress and drought stress conditions may improve grain yield in barley genotypes.
Based on the MGIDI index under non-stress conditions (2022—2024), genotypes G16, G2, G20,
and G1 outperformed the others, while under drought stress conditions, genotypes G16, G18, G10,
and G14 were identified as superior. According to the MTSI index across all environments,
genotypes G5, G8, and G3 were among the most stable for the studied traits. Under non-stress
conditions, the selection differential was positive for all traits except DHE, with the highest values
observed for YLD (12.6), SFIm (8.64), and GFP (8.19), indicating the effectiveness of the MGIDI
method in selecting high-yielding genotypes with desirable agronomic traits. In contrast, under
drought stress conditions, the selection differential was negative for DHE, DMA, and PLH, while
the highest values were recorded for SFIm (13.90), YLD (10.7), and GFR (9.35). This suggests
that the method is effective in selecting early-maturing genotypes with high grain yield, grain
filling rate, and spike fertility index under drought stress. Across all environments and under both
conditions over the two-year study period, the greatest genetic gains were observed for grain yield,
grain filling rate, and spike fertility index, indicating successful identification of genotypes with
high yield potential, efficient grain filling, and improved spike fertility.

Conclusion

Overall, the results indicated that the selected genotypes under non-stress conditions (G16, G2,
G20, and G1) exhibited a favorable combination of traits, including a long grain filling period, high
grain filling rate, high grain yield, a high number of grains per spike, a high spike fertility index,
and consequently high spike weight. In contrast, the genotypes selected under drought stress
conditions (G16, G8, G10, and G14) were characterized by a long grain filling period, high grain
yield, and a high spike fertility index. Therefore, these genotypes can be considered potential
candidates for cultivation under both non-stress and terminal drought stress conditions. Notably,
genotype G16 was selected under both conditions, indicating its superior performance and
adaptability, and it can be introduced as a leading genotype. Furthermore, based on the MTSI index,
genotype G3 was identified as one of the most stable genotypes, with grain yield exceeding the
overall mean.
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Table 1. Pedigree of examined barley genotypes in the 2022-2024 cropping years

Genotyp Pedigree of genotypes

es code

Gl Oxin (Check)

G2 Golchin (Check)

G3 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/ Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"

G4 Yousef/3/Legia//Rhn/Lignee 527

G5 Anoidium/Arbayan-01/3/Lignee527/NK1272//JLB70-63/4/MBD-82-9(D10)

G6 GOB/ALELI//CANELA/3/ARUPO*2/JET/4/ARUPO/K8755//MORA/5/R0jo/3/LB.IRAN/Una8271//Gloria"S"/

Com"s"

G7 Kavir/Badia/3/Torsh/9cr.279-07//Bgs/4/Karoon/Kavir/5/Nik/6/ 0jo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"

G8 ICNB-105960/Torkman//Nosrat/3/Bda/Rhn-03//1CB-107766

G9 Legia//Rhn/Lignee 527/3/Rhn03/4/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"

G10 MZ104/PFC 88210//DONA JOSEFA

Gl1 WABAR2242//LIMON/BICHY 2000

G12 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Nosrat

G13 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Nosrat

Gl14 Beecher/Kavir

G15 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Comp 89-9Cr-79-

G16 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45

G17 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//..../4/Kavir

G18 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/AIm/Una80//....[AIKavir

G19 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Bereke-54

G20 WB-99-10 (Check)

G21 Norooz (Check)

V8 V=1E81) SulodT Jomo (wlilgn O -Y J9o
Table 2. Meteorological information of the experiment site (2022-2024).
Year Month Temperature (° C) Air humidity (%) Precipitation (mm)
Min Max Mean Dew point Min Max

1401 7 15.63  29.37 23.33 297 8.77 29.27 0
1401 8 1110 22.17 16.97 5.80 24.03 56.97 33
1401 9 5.40 16.23 11.50 2.07 27.63 60.77 8
1401 10 1.50 10.73 6.77 2.33 42.03 78.33 120
1401 11 3.50 12.70 8.63 3.30 40.77 76.07 68
1401 12 8.31 20.00 14.55 2.69 22.66 62.17 14
1402 1 9.77 22.35 16.84 2.81 16.94 56.23 0
1402 2 1561  29.06 23.19 2.00 10.68 34.97 0
1402 3 2161  35.26 29.48 7.97 8.90 31.58 0
1402 4 2468  38.23 32.35 13.55 7.87 29.06 0
1402 5 23.00 36.16 30.45 14.71 8.90 33.87 1
1402 6 2252 3532 29.61 15.45 10.16 28.23 0
1402 7 16.93  30.17 24.30 7.17 11.30 32.67 0
1402 8 10.87  21.40 16.87 6.17 25.53 60.13 23
1402 9 5.03 16.53 11.37 0.60 25.00 59.07 7
1402 10 4.43 15.27 10.50 -1.20 25.10 59.63 0
1402 11 4.30 14.77 10.03 0.63 28.53 65.80 40
1402 12 5.10 16.59 11.45 0.55 25.86 67.83 72
1403 1 9.68 20.06 15.35 8.52 31.84 73.48 133
1403 2 1361 24.84 20.00 11.10 26.16 64.52 47
1403 3 2129 3519 29.39 5.84 7.42 26.45 0
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Table 3. Combined variance analysis of morphophenological traits in barley genotypes in four environments
and in the 2022-2024 croppins years.

SHOAY) df Mean of square
DHE DMA PLH GFP GFR TKW
Environment (E) 3 3218** 3829** 2969** 120.7** 84341** 1655**
Error 1 8 1.87 2.78 48.6 3.36 137.8 3.14
Genotype (G) 20 50.7** 86.83** 1182** 39.83** 3243** 162.9**
GxE 60 4.7%* 6.09** 100.4** 7.41%* 723** 9.84**
Error 2 160 1.48 2.07 42.83 2.79 298.8 3.99
CV (%) 1.27 1.07 6.39 4.32 14.78 4.65
LSDo.os 0.98 1.16 5.27 1.35 13.94 1.61
YLD NGS SHI SFLm SPW
Environment (E) 3 148302573**  2426** 0.0086**  58767** 4.36**
Error 1 8 269630 60.11 0.0011 7408 0.17
Genotype (G) 20 7417451** 1001** 0.0025* 26369** 3.08**
GxE 60 1155610** 54.8* 0.0007* 4650* 0.2**
Error 2 160 432987 34.3 0.00039 2923 0.106
CV (%) 14.45 12.84 2.16 2255 13.89
LSDo.05 530.5 4.72 0.016 43.6 0.26

N2 055 TOW tals 0as ;e iGFR tls 05 5, 5555 GFP t6 5 ¢ s ) PLH t0iee, 1 555 slas DMA i 565 b 55, sl DHE
e O SPW taliw 5H90b el SFIm talow Sl el SHI talcw a5 &l sl NGS <ls ;JSL.& YLD ¢als

Sl sma e g0 /0 N /00 Jlex| C]d.w)) g 5 Fu NS 57 &
DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period;
GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS: Number of grains per spike; SHI:
Spike harvest index; SFIm: Spike fertility index; SPW: Spike weight.
* ** and ns are significant at a probability level of 5%, 1% and non-significant, respectively.
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Figure 1. Proportion of the phenotypic variance for investigated traits of 21 barley genotypes
across four environments
DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period;
GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS: Number of grains per spike; SHI:
Spike harvest index; SFIm: Spike fertility index; SPW: Spike weight
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Table 4. Factor analysis for 21 barley genotypes in each non-stress and drought stress environments during cropping years 2022-2023 and 2023-2024.

Cropping Env. Factor Morpho-phenological Eigenvalues  Explained Cumulative
year variance variance (%)
DHE DMA PLH GFP GFR TGW YLD NGS SHI SFIm SPW
1401-1402 El FAl -0.13 0.63 -0.08 -0.78 -0.88 0.09 -0.96 0.18 -0.64 -0.74 0.23 5.14 46.8 46.8
2022-2023 FA2 -0.88 -0.62 0.48 0.02 0.27 0.01 0.2 -0.93 -0.17 -0.1 -0.82 25 22.7 69.5
FA3 0.27 -0.18 0.75 04 -0.10 -0.72 0.01 -0.12 0.48 0.61 -0.47 1.38 12.6 82
Communality 0.86 0.81 0.8 0.77 0.86 0.52 0.95 0.91 0.66 0.93 0.95 - - -
1401-1402 E2 FAl -0.48 -0.15 0.12 -0.13 -0.81 -0.04 -0.72 -0.03 -0.91 -0.88 0.01 3.36 305 305
2022-2023 FA2 -0.25 -0.90 0.49 0.90 0.38 -0.22 0.64 0.03 -0.2 -0.10 -0.15 3.24 29.4 60
FA3 0.44 0.28 -0.61 -0.05 0.13 0 0.09 0.92 -0.01 -0.04 0.95 1.8 16.4 76.3
FA4 -0.51 -0.05 -0.34 -0.27 0.11 0.90 -0.01 -0.32 0.13 -0.29 0.11 1.19 10.8 87.1
Communality 0.75 0.92 0.75 0.9 0.83 0.87 0.93 0.96 0.88 0.86 0.94 - - -
1402-1403 E3 FAl -0.15 0.38 -0.23 -0.77 -0.64 0.17 -0.76 -0.14 -0.80 -0.81 0.17 4.07 37 37
2023-2024 FA2 -0.84 -0.79 -0.04 -0.09 0.59 0.57 0.52 -0.32 -0.03 -0.22 -0.17 2.35 214 58.4
FA3 -0.21 -0.09 0.82 -0.17 0.11 0.05 0.04 -0.88 0.32 0.26 -0.94 181 16.5 74.8
Communality 0.76 0.78 0.72 0.63 0.77 0.36 0.86 0.9 0.75 0.77 0.94 - - -
1402-1403 E4 FAl 0.06 0.34 0 -0.46 -0.90 -0.06 -0.93 0.07 -0.72 -0.73 0.17 4.49 40.8 40.8
2023-2024 FA2 0.01 -0.24 0.68 0.41 -0.08 0.14 0 -0.96 0.35 0.32 -0.95 2.17 19.7 60.5
FA3 0.23 -0.16 0.58 0.54 -0.19 -0.86 -0.08 0.17 0.22 0.43 -0.06 1.68 15.2 75.8
FA4 0.94 0.89 -0.06 -0.28 -0.12 -0.17 -0.16 0.14 -0.16 -0.03 0.04 1.13 10.2 86
Communality 0.93 0.99 0.8 0.75 0.86 0.8 0.89 0.98 0.7 0.82 0.93 - - -

G0k e la SEIM ¢adaw ity s la SHI tdaw o 53 415 slaw INGS tails 5 Shee :YLD ¢l 50 055 TGW tails 0, o :GFR ¢ils 05 0,55 GFP ¢w gl PLH ¢oae, 6 55, slans DMA a5 56l 6 39, sl :DHE
Al 059 SPW taliw
OFY-1F o) (Sas 25 Ll,a B4 CQF YV FY) 25 05 Ll 5 B3 (0P VP Y) S o bl 5 B2 0PV VP Y) i 05 b5 ED

DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period; GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS:
Number of grains per spike; SHI: Spike harvest index; SFIm: Spike fertility index; SPW: Spike weight.

The bold values represent the traits with high contribution to each factor.

E1: Non-stress conditions (2022-2023), E2: Drought stress conditions (2022-2023), E3: Non-stress conditions (2023-2024), E4: Drought stress conditions (2023-2024)
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Table 5. Factor analysis for 21 barley genotypes in each non-stress and drought stress environments during 2022-2024 cropping years

Cropping Env. Factor Morpho-phenological Eigenvalues  Explained Cumulative
year variance variance (%)
DHE DMA  PLH GFP GFR TGW YLD NGS SHI SFIm SPW
1401-1403 No- FAl 012 0.72 -0.22 -0.86 -0.84 0.14 -0.92 0.05 -0.80 -0.78 0.24 5.18 47.1 47.1
Stress
2022-2024 FA2 - -0.47 0.81 0.03 0.28 -0.14 0.23 -0.90 0.02 0.13 -0.95 2.52 22.9 70
0.52
FA3 072 0.36 0.38 0.35 -0.26 -0.68 -0.11 0.26 0.32 0.52 -0.06 1.4 12.8 82.7
Communality 0.8 0.87 0.84 0.86 0.84 0.5 0.91 0.89 0.74 0.89 0.95 - - -
1401-1403 Stress FAl - 0.21 -0.12 -0.90 -0.44 0.04 -0.88 0.04 -0.87 -0.83 0.17 4.5 40.9 40.9
0.15
2022-2024 FA2 - -0.91 0.18 0.16 0.53 0.13 0.31 -0.19 -0.1 -0.2 -0.18 2.43 22 63
0.83
FA3 0.36 -0.16 0.48 0.06 0.56 -0.91 0.23 0.29 -0.21 0.26 -0.12 1.55 141 77.1
FA4 0.16  0.29 -0.78 0.06 -0.27 0 -0.03 0.92 -0.22 -0.25 0.92 131 11.9 89
Communality 085 097 0.88 0.84 0.86 0.85 0.91 0.97 0.85 0.86 0.93 - - -
1401-1403  All Env. FAl 022 -011 0.77 0.81 0.07 0.04 0.19 -0.04 0.91 0.93 -0.11 3.39 30.9 30.9
2022-2024 FA2 - -0.64 0.37 0.06 -0.14 0.08 -0.05 -0.93 0.04 0.05 -0.92 2.63 23.9 54.8
0.18
FA3 - 0.03 -0.02 0.15 0.98 -0.12 0.96 0.01 0.19 0.00 0.16 1.93 17.6 72.3
0.22
FA4 - -0.17 0.31 -0.27 0.01 0.91 0.04 -0.09 0.05 -0.18 0.01 1.15 10.4 82.8
0.80
Communality 0.77  0.45 0.83 0.75 0.98 0.85 0.96 0.88 0.86 0.89 0.88 - - -

ook el SFIM calew csls el SHI eas o 5 415 sluws :NGS ¢ails :)Qua YLD ¢aits 158 055 TGW cails o R FR sl gus R8s GFP ¢ CL&J)l PLH o, 6 55, sl DMA talaws 565 b 55, slas :DHE
Al 059 SPW taliw
.Aﬁ\g@)_,:fléjaﬁ\ll{ﬂ,wliau,;amgowcmq-j!}::qu

DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period; GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS:
Number of grains per spike; SHI: Spike harvest index; SFIm: Spike fertility index; SPW: Spike weight.
The bold values represent the traits with high contribution to each factor.
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Figure 2. Genotype ranking for the MSTI and MGIDI multi-trait selection indices based on eleven traits in each and
across environments (2022-2024). The central red circle represents the cut point according to the selection pressure of
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Figure 3. The strengths and weakness view of the selected genotypes identified, shown as the proportion of each
factor on the estimated MGIDI and MTSI. Smaller proportions explained by a factor (closer to the external

edge) indicate that the trait within that factor is closer to the ideotype. The dashed line shows the theoretical
value if all the factors contributed equally.
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Table 6. Estimates of the original mean (Xo), mean of the selected genotypes (Xs), selection differential (SD)

and percentage selection differential (SD%) based on MGIDI index applied on eleven investigated traits for
21 barley genotypes under non-stress and drought stress during cropping years 2022-2023 and 2023-2024.

Cropping year Traits Environment Stress Xo Xs SD SD% Sence Goal
1401-1402 DHE E1l Non-stress 101 101 -0.631 -0.622 decrease 100
2022-2023 E2 Drought stress 102 101 -1.17 -1.14 decrease 100

DMA E1l Non-stress 142 143 1.14 0.806 decrease 0
E2 Drought stress 140 139 -0.536 -0.383 decrease 100
PLH E1l Non-stress 105 106 1.01 0.955 decrease 0
E2 Drought stress 110 109 -0.825 -0.749 decrease 100
GFP El Non-stress 405 42.2 1.77 4.38 increase 100
E2 Drought stress 38 38.6 0.631 1.66 increase 100
GFR El Non-stress 156 185 29.5 19 increase 100
E2 Drought stress 133 154 204 153 increase 100
TKW El Non-stress 49.7 50.2 0.429 0.864 increase 100
E2 Drought stress 424 433 0.863 2.04 increase 100
YLD El Non-stress 6352 7831 1479 233 increase 100
E2 Drought stress 5086 5946 860 16.9 increase 100
NGS E1l Non-stress 47.9 46.9 -1.05 -2.18 increase 0
E2 Drought stress 52.1 50.2 -1.91 -3.66 increase 0
SHI E1l Non-stress 0.927 0.94 0.0127 1.37 increase 100
E2 Drought stress ~ 0.911 0.922 0.011 1.21 increase 100
SFIm E1l Non-stress 270 317 46.7 17.3 increase 100
E2 Drought stress 260 283 221 8.49 increase 100
SDWm El Non-stress 2.62 2.6 -0.0181 -0.689 increase 0
E2 Drought stress 2.38 2.34 -0.0454 -1.9 increase 0
1402-1403 DHE E3 Non-stress 90.2 88.3 -1.86 -2.06 decrease 100
2023-2024 E4 Drought stress ~ -0.972 -1.1 0.887 -0.862 decrease 100
DMA E3 Non-stress 127 129 1.11 0.869 decrease 0
E4 Drought stress ~ -0.044  -0.0342 0.913 -0.0399  decrease 100
PLH E3 Non-stress 94.4 93.8 -0.579 -0.614 decrease 100
E4 Drought stress ~ -0.353 -0.355 0.665 -0.235 decrease 100
GFP E3 Non-stress 373 40.2 2.96 7.95 increase 100
E4 Drought stress ~ 0.929 2.39 0.711 0.661 increase 100
GFR E3 Non-stress 108 124 16.2 15 increase 100
E4 Drought stress 18 255 0.796 14.3 increase 100
TKW E3 Non-stress 42.6 41.2 -1.36 -3.18 increase 0
E4 Drought stress -1.68 -4.51 0.91 -1.53 increase 0
YLD E3 Non-stress 4039 4981 942 23.3 increase 100
E4 Drought stress 2743 3508 766 279 increase 100
NGS E3 Non-stress 45 52.4 7.38 16.4 increase 100
E4 Drought stress 3.04 8.14 0.907 2.76 increase 100
SHI E3 Non-stress 0.906 0.917 0.011 1.21 increase 100
E4 Drought stress ~ 0.019 211 0.764 0.0145 increase 100
SFIm E3 Non-stress 222 266 44.6 20.1 increase 100
E4 Drought stress 57.7 279 0.725 418 increase 100
SPW E3 Non-stress 2.37 2.57 0.199 8.39 increase 100
E4 Drought stress ~ -0.013 -0.646 0.855 -0.011 increase 0

S5 058 TGW tails 0us , ce o (GFR wils 0 ;0,55 :GFP ¢ gl PLH 3o, b 55, slaws DMA talins  56b b 55, sl :DHE

cabiw 035 :SPW ¢aliw 6 55,L ool SFIM ¢ sls el SHI e a5 415 slaws NGS ¢ails 5 Slee (YLD ¢ails
OFY=1Fer) Sas 25 bl 5 B4 OF Y-V F0) 25 0s Ll o B3 (VF V1P y) S i Ll 6 B2 (0F VAP0 Y) 25 05 Ll 5 ED
DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period;
GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS: Number of grains per spike; SHI:
Spike harvest index; SFIm: Spike fertility index; SPW: Spike weight. The bold values represent the traits with high
contribution to each factor.

E1: Non-stress conditions (2022-2023), E2: Drought stress conditions (2022-2023), E3: Non-stress conditions (2023-
2024), E4: Drought stress conditions (2023-2024)
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Table 7. Estimates of the original mean (Xo), mean of the selected genotypes (Xs), selection differential (SD)

and percentage selection differential (SD%) based on MTSI index applied on eleven investigated traits for 21

barley genotypes under non-stress and drought stress during cropping years 2022-2024.

Traits Environment Xo Xs SD SD% Sence Goal
DHE Non-stress 95.8 95.2 -0.65 -0.67 decrease 100
Drought stress 95.3 93 -2.28 -2.39 decrease 100
DMA Non-stress 135 136 1.16 0.86 decrease 0
Drought stress 134 132 -1.45 -1.08 decrease 100
PLH Non-stress 100 104 3.62 3.62 decrease 0
Drought stress 105 99.6 -5.33 -5.08 decrease 100
GFP Non-stress 38.9 40.7 1.84 474 increase 100
Drought stress 102 112 9.54 9.35 increase 100
GFR Non-stress 132 143 10.80 8.19 increase 100
Drought stress 384 39.3 0.84 2.19 increase 100
TKW Non-stress 46.1 44.4 -1.77 -3.84 increase 0
Drought stress 39.8 38.8 -1.00 -2.51 increase 0
YLD Non-stress 5195 5849 654 12.60 increase 100
Drought stress 3914 4332 418 10.70 increase 100
NGS Non-stress 46.5 50.3 3.85 8.28 increase 100
Drought stress 44.7 45.9 1.14 2.55 increase 100
SHI Non-stress 0.917 0.923 0.01 0.64 increase 100
Drought stress 0.906 0.915 0.01 0.97 increase 100
SFIm Non-stress 246 267 21.30 8.64 increase 100
Drought stress 233 266 32.50 13.90 increase 100
SPW Non-stress 25 2.58 0.08 3.00 increase 100
Drought stress 2.17 2.12 -0.0464 -2.14 increase 0

S5 058 TGW tails 0us , ce e (GFR ails 0y 0,55 :GFP ¢ 5 gl PLH 3o, 6 55, slaws DMA ¢alins  56b b 55, slaws :DHE

sl 059 SPW a6 55,4 ool SFIM ¢alow cils ool SHI il o 55 @l slaws ;NGS ¢ty 5 Shee (YLD ¢aits

DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period;
GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS: Number of grains per spike; SHI:
Spike harvest index; SFIm: Spike fertility index; SPW: Spike weight.
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Figure 4. Gain (%) for each studied traits in 21 barley genotypes under non-stress and drought conditions for
each and across years.
DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period;

GFR: Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS: Number of grains per spike; SHI: Spike
harvest index; SFIm: Spike fertility index; SPW: Spike weight.
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Table 8. Agronomic characteristic of top genotypes selected by multi-trait indices MSTI and MGIDI applied on
investigated traits across two cropping years in non-stress and drought stress conditions and all environments
(Cropping years 2022-2024).

Cropping Env. Selected Morpho-phenological traits

year Genotype DHE DMA PLH GFP  GFR TGW YL NGS  SHI SFIm SP

S D W
2022-2023 El 1 99.7 142.7 1120 430 186 50.1 8017 429 094 320 2.52
3 101.0 143.3 97.3 42.3 187 49.3 7922 420 094 370 2.19
4 102.0 145.7 106.3 43.7 185 50.3 8075 48.7 094 302 2.75
16 100.3 140.3 1103 400 182 50.9 7311 540 093 275 2.95
Mean 101.4 141.9 105.5 40.5 155 49.7 6352 479 0.93 270 2.62
E2 1 100.3 141.0 1080 40.7 154 43.8 6306 49.6 0.92 268 2.29
8 100.0 138.3 1103 383 137 433 5261 534 093 303 2.49
15 102.7 140.3 1103  37.7 150 423 5667 451 0.93 319 2.05
16 100.3 138.0 108.7 37.7 173 43.6 6549 527 0091 240 2.52
Mean 102.0 140.0 1102 380 133 42.4 5086 52.1 091 260 2.38
2023-2024 E3 2 90.0 130.0 93.3 40.0 129 40.0 5158 559 0.90 207 2.68
14 86.0 1253 78.7 39.3 121 40.1 4761 499 0.94 371 2.23
16 86.0 128.3 101.7 423 103 416 4378 502 0.90 194 2.70
20 91.3 130.7 101.7 393 142 43.2 5628 536 0.93 293 2.67
Mean 90.2 127.5 94.4 37.3 108 426 4039 450 091 222 2.37
E4 6 89.0 128.0 99.0 39.0 94 335 3667 38.6 0.90 215 1.84
10 85.3 125.7 102.3 403 69 37.6 2802 333 091 245 1.62
14 86.3 127.3 89.0 41.0 97 338 3985 449 093 328 2.17
20 89.7 128.7 106.7 39.0 92 374 3579 448 092 269 2.25
Mean 88.6 127.5 99.6 38.9 70 37.3 2743 374 0.90 206 1.98
2022-2024 All 3 96.3 136.1 95.8 70.3 95 41.8 5068 39.1 093 3026 196
env. 5 96.6 136.3 99.3 69.1 90 42.8 4737 417 092 2720 2.08
8 91.8 130.7 98.9 74.2 82 43.6 4552  46.7 091 2450 239
Mean 95.5 134.2 102.4 70.5 85 43.0 4555 456 091 239.7 234

YLD ¢als 550 055 TGW tails gis , Cs (PR ails 0s 5 0555 :GFP m,ecus,t:PLH Odawy G 35 5l DMA taliss | 56b b 35, sla :-DHE

o 055 SPW talcs (c55,b e la SFIM talcw ils el :SHI tals o 53 615 slaas INGS ¢ails 5 Shes

DHE: Number of days to heading; DMA: Number of days to maturity; PLH: Plant height; GFP: Grain filling period; GFR:
Grain filling rate; TGW: Thousand grain weight; YLD: Grain yield; NGS: Number of grains per spike; SHI: Spike harvest
index; SFIm: Spike fertility index; SPW: Spike weight.
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