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Introduction
Drought stress is one of the mostsevere environmental constraints limiting crop production worldwide.
Therefore, screening genetic materials to dévelop new varieties with improved tolerance is essential for
coping with future climate challengesyThe main objective of this study was to identify drought-tolerant
barley genotypes using several selectioniindices.

Materials and methods

In this study, 17,advanced barley genotypes along with four check genotypes were evaluated under
irrigated “and drought-stress conditions during the 2022-2024 cropping seasons at the Darab
Agricultural Research Stdtion, Darab, Fars, Iran. The experiment was conducted using a randomized
complete blockidesign'(RCBD) with three replications. Each experimental plot comprised six planting
rows, with each row 6 m long and uniformly spaced at 15 cm intervals. A seeding density of 300 seeds
m=2 Wwas applied. Seeds were sown using an experimental planter (Wintersteiger, Ried, Austria).
Fertilizers were\applied at rates of 150 kg ha* urea, 100 kg ha! di-ammonium phosphate, and 50 kg ha-
1potassiumisulfate. After removing border rows, all plots were harvested using an experimental combine
(Wintersteiger, Ried, Austria). Several grain yield—based indices including tolerance index (TOL), mean
productivity (MP), geometric mean productivity (GMP), harmonic mean (HM), stress susceptibility
index (SSI), stress tolerance index (STI), relative drought index (RDI), stress susceptibility percentage
(SSPI), abiotic stress tolerance index (ATI), stress/non-stress production index (SNPI), yield stability
index (YSI), percentage of yield reduction (R%), yield index (YI), the multi-trait genotype—ideotype
distance index (MGIDI), selection index of ideal genotype (SIIG), and combination significant index
(CSI) were employed to identify the most drought-tolerant genotypes.

Results and discussion

The combined analysis of variance for grain yield under irrigated and drought-stress conditions revealed
significant differences among the genotypes across both environments. The results showed that
genotypes No. 21, 4, and 20, which produced the highest grain yields (6405, 6343, and 6310 kg ha,
respectively), were superior to the other genotypes under irrigated conditions. Moreover, Genotypes No.
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4, 20, and 16 had the highest grain yields under drought-stress conditions, producing 5122, 4848, and
4717 kg ha, respectively. Based on MGIDI, SIIG, and CSI, genotypes No. 4, 20, 21, and 16 were
identified as drought-tolerant genotypes. The principal component analysis (PCA) indicated that the
first and second components explained 68.7% and 28.4% of the total variation among the indices,
respectively. The PCA-based biplot grouped all indices into five groups. SIIG, SNPI, YI, Ys, CSI, HARM,
GMP, STI, MP and Yp were placed in the first group. The indices in this group showed the strongest
correlation with grain yield under both the irrigated and drought-stress conditions. Genotypes no. 4, 16,
and 20 with the highest grain yield were placed in this group. YSI and RDI were assigned to the second
group along with genotypes 8, 10, and 14. The third group included MGIDI and the genotypes with the
lowest grain yield under both stress and irrigated conditions. SSI, SSPI and TOL indices were placed in
the fourth group. The fifth group comprised the ATI. This index identifies genotypes that exhibit the
highest grain yield under stress conditions and the lowest performance under itrigated conditions.

Conclusion

Based on PCA results, different selection indices were clustered into five groupsa:SHG and CSI along
with SNPI, Y1, Ys, HARM, GMP, STI, MP and Yp were classified into,the same group. The indices in
this group were considered ideal due to their ability to identify high-yielding genotypes under both stress
and irrigated conditions. The results obtained from SIG, MGIDI, and CSFwere consistent with one

another. Based on these results, genotype No. 4 was identified as.the most drought-tolerant genotype.
N\
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8. Abiotic-stress tolerance index

9. Stress susceptibility percentage index

10. Stress non-stress production index
11.Selection index of ideal genotype
12.Multi-trait genotype-ideotype distance index
13. Combination of significant indices
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Table 1. Pedigree of examined barley genotypes in the 2022-2024 cropping years

Genotypes lpCuieh) o o
code Pedigree of genotypes
G1 oxin (aals)
G2 Golchiny(sals)
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/Legial/Rhn/Lignee 527
G5 Anoidium/Arbayan-01/3/Lignee527/NK1272//JLB70-63/4/MBD-82-9(D10)
G6 (C)Er%?éﬁ\/Ll(E)lr_n}'ll(S(':lANELA/3/ARUPO*2/JET/4/ARUPO/K8755//MORA/S/Rojo/3/LB.IRAN/Una8271//GI
G7 Kayir/Ba |a/3/Torsh/90r.279-O7//_Bgs/4/Karoon/Kavir/5/Nik/6/
Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"
G8 sLCNB-105960/T0rkman//Nosrat/S/Bda/Rhn-03// ICB-107766
G9 Legia//Rhn/Lignee 527/3/Rhn03/4/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"
G10 M104/PFC 88210//DONA JOSEFA
G11 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
Gl4 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/Alm/Una80//....[AIKavir
G19 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Bereke-54
G20 WB-99-10 (aals)

G21 Norooz (asls)
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Table 2. Meteorological information of the experiment site (Y+YY-Y+Y¥)

Lo g8 Cugb

Temperature (°C) Air humidity (%) e
JLs olo 4ooS Aol u"i”l""’ oy alaly doeS Ao Precipitation
Year Month Min Max Mean Dew point Min Max (mm)
1401 7 15.63 29.37 23.33 2.97 8.77 29.27 0
1401 8 11.10 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 15.61 29.06 23.19 2.00 10.68 34.97 0
1402 3 21.61 35.26 29.48 7.97 8.90 31.58 \ 0
1402 4 24.68 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 22.52 35.32 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 8.5& 31.84 73.48 133
1403 2 13.61 24.84 20.00 %10 26.16 64.52 47
1403 3 21.29 35.19 29.39 5.84 7.42 26.45 0
1403 4 25.42 38.16 32.52 17.19 10.71 31.87 1
1403 5 25.68 37.65 3181 23.26 14.74 46.35 19

Table 3. Physicochemical properties of the soil.at the testisite
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Table 4. Different indices of drought tolerance and susceptibility

Si &y oo ilio gl as L
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Different indices of drought
Formula References
tolerance
ror) e TOL=Y,- Y5 Rosielle and Hamblin, 1981
Tolerance index
L& (e Y 4Y
(MP) 3dgi (rsSlen a2l MP:D—S Rosielle and Hamblin, 1981
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Y
o . (o 1-—
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Table 5. Composite variance analysis of 21 promising
barley genotypes for grain yield under normal irrigation
and drought stress
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