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Table 1- List of the investigated barley genotypes

4l 0 b
Code Pedigree
Gl Jolge (Check 1)
G2 Bahman/3/MAKOUEE//ZARJOW/80-5151
G3 ALGER/(CI10117/CHOYO../3/Makouee/4/STB-12
G4 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2
G5 ZARJOW/80-5151//Makouee*2
G6 MAKOUEE/3/ZARJOW/80-5151//Bahman
G7 Radical/Birgit//Pamir-154/3/Rhn-03//L.527/NK1272
G8 CALI92/ROBUST//IND16301
G9 Radical/Birgit//Pamir-154/3/Rhn-03//L.527/NK1272
G10 Yousef/4 /82S:510/3/Arinar/Aths//DS 29
Gl1 Courlis/Rhn-03//Karoon
G12 Bereke-54/3/Rhn-03//L.527/NK1272
G13 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2
Gl4 Pamir-147/Sonata/8/Alpha/Durra/7/P101/5/3896/...
G15 Courlis/Rhn-03//Karoon
G16 (D-16)Bda/Rhn-03//ICB-107766/3/Y ousef
G17 Sonata/8/Api/CM67//Hma-03/4/Cq/Cm//Apm/3/...
G18 Nadawa/Rhn-03//Birka
Sland slasgS S Cusll S ey 0909 b bl ey At Slales jed o LS I )3
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L Factor analysis and ideotype design via best linear unbiased
prediction
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Table 2- Mathematic relations for calculated tolerance and susceptible drought indices

@, Jge Tl ol &
No. Formula Selection pattern Index Reference
1 TOL= Yp ‘Ys Minimum value Rosielle and Hamblin (1981)
Tolerance Index
Y, +Ys . bawgin (59042 . .
2 MP = ——= Maximum value - Rosielle and Hamblin (1981)
2 Mean Productivity
S50 (s el
3 GMP= /Y xY, Maximum value Geometric Mean Fernandez (1992)
Productivity
HM= 2(YsxY,) Saigelo 1 Kileo
4 - Maximum value Bidinger et al. (1978
(Ys+Ye) Harmonic Mean g ( )
_ 1(Ye/Y,) S S ol
5 SI= ———= Minimum value Stress Susceptibility Fischer and Maurer (1978)
1-(Ys/Ye)
Index
STI= YixYP : G JeS e Lo
6 2 Maximum value Fernandez (1992)
(YP) Stress Tolerance Index
yi= Ys _ o Slos asls _
7 = Maximum value . Gavuzzi et al. (1997)
Ys Yield Index
Y o Sles 5 Il (asls
— SRk 2>
8 YSI= > Maximum value . ’ . Bouslama and Schapaugh (1984)
Yp Yield Stability Index
I= (Ys/YP) . (e S Ll )
9 vV Maximum value Fischer et al. (1979)

Relative Stress Index
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Table 3- Combined analysis of variance for grain yield under control and drought stress conditions in investigated barley

genotypes
Ol i @alio &3l a0 Olas po (uKiloo o duzrgi (yuily ylg oy
S.0.V df MS EV (%)
Jls
1 220.25%%* 52.67
Year (Y)
) 1 59.17%* 14.15
Environment (E)
baoe x Lo
1 15.56 " 3.72
Y xE
(arzeo 5 JLo) 1,155
N 8 0.14
Replication / (Y & E)
’ 17 1.64 6.67
Genotype (G)
Jbo X 3553 o
’ 17 0.96 3.90
GxY
e x el
17 0.38" 1.54
GxE
’ 17 0.84 341
YXExG
Uas
136 0.42
Error
13.13
CV (%)

doy ) g D Jleixl sk 1o I s ol 5 4 g o g uf odims il oS 4

ns, *, ** and *** indicated non-significant and significant at P < 0.05, P < 0.01, and P < 0.001, respectively
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Table 4- Values for susceptible and tolerance drought indices in the 18 investigated barley genotypes in the first year

Fernandez’s grouping

pattern

Code Yp Ys TOL MP GMP HM SSI STI YI YSI RSI

Gl 419 4.02 0.17 4.10 4.10 4.10 0.20 0.88 115 0.96 1.20 A
G2 4.22 2.63 1.59 342 3.33 3.24 1.88 058 075 0.62 0.78 B
G3 4.40 2.68 1.72 3.54 3.44 3.33 1.95 0.62 0.77 061 0.76 B
G4 4.44 4.05 0.39 424 424 4.24 0.44 0.94 116 091 1.14 A
G5 4.38 3.36 1.02 3.87 3.83 3.80 1.16 0.77 0.96 0.77 0.96 B
G6 411 3.05 1.06 3.58 3.54 3.50 1.28 066 087 0.74 0.93 B
G7 461 2.70 1.92 3.65 3.53 3.40 2.07 065 077 058 0.73 B
G8 4.20 3.50 0.70 3.85 3.83 3.81 0.83 0.77 1.00 0.83 1.04 A
G9 4.75 3.61 1.15 4.18 414 4.10 1.20 0.90 1.03 0.76 0.95 A
G10 3.85 3.26 0.58 3.56 3.54 3.53 0.76 066 094 085 1.06 D
G11 4.37 3.82 0.55 4.09 4.08 4.07 0.63 0.88 1.09 0.87 1.09 A
G12 4.32 2.86 1.46 3.59 351 3.44 1.68 065 082 0.66 0.83 B
G13 4.64 4.56 0.08 4.60 4.60 4.60 0.09 111 131 0.98 1.23 A
G14 412 4.10 0.02 411 411 411 0.02 0.89 1.18 1.00 1.25 A
G15 4.78 3.40 1.38 4.09 4.03 3.97 1.44 085 097 071 0.89 B
G16 4.27 4.35 -0.07 431 431 431 -0.08  0.97 1.25 1.02 1.27 A
G17 4.49 3.68 0.81 4.09 4.07 4.05 0.90 0.87 1.06 0.82 1.03 A
G18 4.45 3.20 1.26 3.82 3.77 3.72 1.40 0.75 092 0.72 0.90 B
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Table 5- Values for susceptible and tolerance drought indices in the 18 investigated barley genotypes in the second year

Fernandez’s
Code Yp Ys TOL MP GMP HM SSI STI YI YSI RSI .
grouping pattern
Gl 734 474 2.60 6.04 5.90 5.76 1.91 081 0.89 065 0.79 B
G2 7.00 540 1.60 6.20 6.15 6.10 1.23 0.88 1.01 0.77 095 B
G3 7.08 5.40 1.68 6.24 6.18 6.13 1.28 0.89 1.01 076 0.94 B
G4 7.78 6.13 1.65 6.96 6.91 6.86 1.14 111 1.15 079 097 A
G5 6.07 517 090 5.2 5.60 558 080 073 097 085 1.05 D
G6 6.32 546 086 589 5.87 586 073 080 102 086 1.06 D
G7 6.40 6.79 -039 6.60 6.59 659 -033 101 127 106 130 C
G8 593 442 151 5.18 5.12 5.06 1.37 061 0.83 0.75 0.92 D
G9 6.40 560 080 6.00 5.99 597 067 083 105 088 1.07 C
G10 516 4.35 0.81 4.76 4.74 4.72 0.84 052 0.82 0.84 1.04 D
G11 700 5.70 1.30 6.35 6.32 6.28 1.00 0.93 1.07 0.81 1.00 A
G12 5.79 5.49 0.30 5.64 5.64 5.64 0.28 0.74 1.03 0.95 1.16 C
G13 7.48 5.93 1.55 6.71 6.66 6.62 112 1.03 111 079 097 A
G14 6.49 5.22 1.27 5.86 5.82 5.79 1.05 079 0.98 080 0.99 B
G15 6.21 5.06 1.15 5.64 5.61 5.58 1.00 073 095 0.81 1.00 D
G16 6.43 567 076 6.05 6.04 603 064 085 106 088 1.08 C
G17 592 4.18 1.74 5.05 4.97 4.90 1.58 058 0.78 071 0.87 D
G18 7.19 5.36 1.83 6.28 6.21 6.14 1.37 0.90 1.00 0.75 0.92 B
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Table 6- Values for susceptible and tolerance drought indices in the 18 investigated barley genotypes based on two-years data

Fernandez’s
Code Yp Ys TOL MP GMP HM SSI STI YI YSI RSI grouping
pattern
G1 5.76 4.38 1.38 5.07 5.02 4.98 1.25 0.85 0.99 0.76 0.94 B
G2 5.61 4.02 1.59 4.82 4.75 4.68 1.48 0.76 0.91 0.72 0.89 B
G3 5.74 4.04 1.70 4.89 4.82 4.74 1.54 0.78 0.92 0.70 0.87 B
G4 6.11 5.09 1.02 5.60 5.58 5.55 0.87 1.04 1.15 0.83 1.03 A
G5 5.22 4.26 0.96 4.74 4.72 4.69 0.96 0.75 0.97 0.82 1.01 D
G6 5.22 4.26 0.96 4.74 4.72 4.69 0.96 0.75 0.97 0.82 1.01 D
G7 5.51 4.74 0.77 5.13 511 5.10 0.73 0.88 1.07 0.86 1.06 A
G8 5.07 3.96 111 4.52 4.48 4.45 1.14 0.67 0.90 0.78 0.97 D
G9 5.58 4.6 0.98 5.09 5.07 5.04 0.92 0.86 1.04 0.82 1.02 A
G10 451 3.81 0.70 4.16 4.15 4.13 0.81 0.58 0.86 0.84 1.05 D
Gl1 5.69 4.76 0.93 5.23 5.20 5.18 0.85 0.91 1.08 0.84 1.04 A
G12 5.05 4.18 0.87 4.62 4.59 4.57 0.90 0.71 0.95 0.83 1.02 D
G13 6.06 5.25 0.81 5.66 5.64 5.63 0.70 1.07 1.19 0.87 1.07 A
Gl4 5.31 4.66 0.65 4.99 4.97 4.96 0.64 0.83 1.06 0.88 1.09 B
G15 5.49 423 1.26 4.86 4.82 4.78 1.20 0.78 0.96 0.77 0.95 D
G16 5.35 5.01 0.34 5.18 5.18 5.17 0.33 0.90 1.13 0.94 1.16 B
G17 5.21 3.93 1.28 4.57 4.52 4.48 1.28 0.69 0.89 0.75 0.93 D
G18 5.82 4.28 1.54 5.05 4.99 4.93 1.38 0.84 0.97 0.74 0.91 B
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Abstract

Introduction: Drought stress or water deficit has been known as one of the most important abiotic
stresses so it considerably is decreased crop production. Barley (Hordeum vulgare L.) is the fourth
most important cereal crop in the world after wheat, rice and corn. Among cereals, barley is the most
tolerant crop against abiotic stresses and due to this capability is cultivated in a wide range of climates.
The objective of the current study was to identify the superior drought-tolerant genotypes using grain
yield and several yield-based indices of tolerance and susceptibility by applying various multivariate
selection models.

Materials and Methods: In the present study a set of promising genotypes of barley including 17
new genotypes along with a Jolge cultivar (as a check) was investigated through two separate
experiments based on a randomized complete block design (RCBD) with three replications at the
Cereal research station, Seed and Plant Improvement Institute, Karaj, Iran during two consecutive
growing seasons (2019-2020 and 2020-2021) cropping seasons. After sowing, the number of
irrigations was one time in autumn and five times in spring. Drought stress treatment was applied
after anthesis, and irrigation was stopped for all stressed plot until seed repining stage. After collecting
experimental data and estimating grain yield, several yield-based drought tolerance and susceptible
indices were calculated. A heatmap-based correlation method was used to investigate association
among calculated indices and grain yield data. Then three selection indices such as multi-trait
genotype-ideotype distance index (MGIDI), factor analysis and ideotype design via best linear
unbiased prediction (FAI-BLUP), and Smith-Hazel (SH) were exploited to identify the most tolerant-
genotypes. All statistical analyses were computed using iPASTIC and R softwares.

Results and Discussion: Based on combined analysis of variance for grain yield data showed
significant differences for year, environment, and genotype main effects, as well as, the interaction
effects for year x genotype, and year x environment x genotype. The result obtained from screening
barley genotypes using drought tolerance and susceptible indices revealed good repeatability so that
some of the investigated genotypes appeared in the same pattern in each year of experiments. Based
on the Spearman’s correlation coefficients, grain yields (Yp and Ys) positively and significantly
correlated with MP, GMP, and STI indices in the first year. In the second year, a positive and
significant correlation was observed between grain yields with STI, MP, GMP, and HM indices.
Based on the averaged two-year data, grain yields significantly and positively correlated with HM,
STI, MP, and GMP indices, supporting the repeatability of our findings. To identify the most tolerant
genotypes based on multi-indices, we used three multi-trait selection indices such as MGIDI, FAI-
BLUP, and SH. Accordingly, genotypes numbers G7, G9, and G16 for the first year, G4, G13, and
G17 for the second year, and three genotypes G7, G13, and G16 over two years were selected as
superior genotypes using the MGIDI index. Based on the FAI-BLUP index, the following genotypes
were identified as the most tolerant genotypes: G7, G9, and G17 in the first year; G4, G9, and G13 in
the second year; G7, G13, and G16 in over two years. The result of screening genotypes using the
Smith-Hazel index showed that three sets of genotypes including G4/G7/G13, G13/G14/G16, and
G2/G3/G18 were identified as the high-yielding and most tolerant genotypes in each year and
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averaged two years, respectively. The venn-plot rendered based on three selection indices revealed
that genotype numbers G7 and G13 were superior genotypes in the first and second years.

Conclusion: In conclusion, our results indicated that G13
“Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2” with the highest grain yield in both control and
drought stress conditions as well as the best ranking pattern for all drought tolerance indices can be a
candidate as a superior drought-tolerant genotype for further studies before commercial introduction.
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