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Extended abstract
Introduction
Drought stress is one of the most severe environmental constraints limiting crop production worldwide.
Therefore, screening genetic materials to develop new varieties with improved tolerance is essential for
coping with future climate challenges. The main objective of this study was to identify drought-tolerant
barley genotypes using several selection indices.

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 Station, Darab, Fars, Iran. The experiment was conducted using a randomized
complete block design (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 was applied. Seeds were sown using an experimental planter (Wintersteiger, Ried, Austria).
Fertilizers were applied at rates of 150 kg ha-t urea, 100 kg ha-t di-ammonium phosphate, and 50 kg ha-
tpotassium sulfate. 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, SSPT 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 irrigated conditions.

Conclusion

Based on PCA results, different selection indices were clustered into five groups. SIIG 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 SIIG, MGIDI, and CSI were consistent with one
another. Based on these results, genotype No. 4 was identified as the most drought-tolerant genotype.

Keywords: Correlation analysis, Drought stress, Principal Component Analysis, Tolerance indices
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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 Wi 93] 0 il

code Pedigree of genotypes

G1 Oxin (aal)

G2 Golchin (salz)

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/Unag271//Gl

oria"S"/Com"S"
G7 Kayir/Badia/3/Torsh/90r.279-07//_Bgs/4/Karoon/Kavir/5/Nik/6/
Rojo/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 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//..../4/Kavir
G19 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Bereke-54

G20 WB-99-10 (wels)

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

Lo lgo Cagb,

Temperature (°C) Air humidity (%) e
Jls ol dioS Aol U'S"L“" ooty aldals deoS Aot 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 8.562 31.84 73.48 133
1403 2 13.61 24.84 20.00 11.10 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 31.81 23.26 14.74  46.35 19

Table 3. Physicochemical properties of the soil at the test site
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cm ds mt % ppm

0-30 7.9 0.74 1.08 23.0 248

o <Y o) Cdx BB o i BB e i Bl i BB s,
Sand Silt Clay Available Cu Available Mn Available Fe Available Zn
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Table 4. Different indices of drought tolerance and susceptibility

Jge b &b
Different indices of drought
Formula References
tolerance
TOL) Joos a5 L o
(TOL) Joxi' (5 TOL=Y - Y Rosielle and Hamblin, 1981
Tolerance index
MP) olgi i Lo Y, Y
( ) Mg (eSbe 2> MP:D—S Rosielle and Hamblin, 1981
Mean productivity
_ Y
1) Jids & Comlus (5L -5
(SSD) A & s A SI:I-ng]: Ypi Fischer and Maurer, 1978
Stress susceptibility index Y, g
MP) s Sloc IR .
(GMP) > gt (Sl GMP= Y ,*Yg Fernandez, 1992
Geometric mean productivity
a o . (- Y, <Y
TI Jozxs (W) = _P
STD i & = SII—L_—:S Fernandez, 1992
Stress tolerance index (Yp)
HM T 24Y, Y,
(HM) 5 ,Shos Sigo)ld 555k HM:YI—'Y‘\ Fernandez, 1992
Harmonic mean po s
(RDI) (i Sid a5l RDI= T‘ Yp Fischer and Wood, 1978
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S
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p
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s

<100

Moosavi et al., 2008

Moosavi et al., 2008
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Choukan et al., 2006

Gavuzzi et al., 1997
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Table 5. Composite variance analysis of 21 promising
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Fig. 2. Biplot of principal components analysis (PCA) for drought tolerance and sensitivity indices and selection indices
in promising barley genotypes (A). The contribution of different indices in the first PCA component (B) and the second

PCA component (C)
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