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Extended abstract

Introduction

Drought is one of the most important factors limiting the environment for plant growth and productivity,
especially in the flowering and filling stages of barley. A study was conducted to compare some statistical
methods and different indicators of stress tolerance with the aim of introducing an ideal method for
selecting drought tolerant lines. After wheat, barley is one of the most important crops. Barley is the
fourth cereal crop in the world after wheat, corn and rice. One of the factors affecting the production of
plants is water defecit, and barley has more efficient mechanisms against water shortage than other
grains. Because it has higher relative drought tolerance compared to other grains. In these arid and semi-
arid regions like Iran, the presence of drought stress during plant growth is a natural problem.

Materials and methods

In this study, 18 diverse barley lines at two water levels (normal conditions and water deficit stress) were
examined. This experiment was performed as a randomized complete block design with three
replications at the Seed and Plant Improvement Research Institute of Karaj, Iran in 2020. Drought
tolerance and susceptibility indices were assessed. These indices included stress sensitivity index, mean
productivity, tolerance, stress tolerance index, geometric mean productivity, harmonic mean
productivity, performance under stress conditions (Ys) and normal (Yp) conditions. Correlation
coefficient between yield in drought and irrigation conditions and other stress indicators was estimated
according to statistical techniques. Correlation between indices and grain yield under stress and normal
conditions was calculated using Minitab software. Selection based on multiple traits in breeding
programs is likely to be effective in improving grain yield under drought stress conditions. The purpose
of this study is to identify the most suitable indicators and compare different stress tolerance indicators
to select high-yielding and drought-tolerant lines and to identify the superior barley line.

Results and discussion

The highest GMP and MP were related to 4 and 13 lines. Based on tolerance index (TOL), genotype 1
had the lowest and line 7 showed the highest level of tolerance, respectively. Based on MP and GMP
indices, 4, 7 and 13 lines had high drought tolerance. A high positive and significant correlation was
observed between MP, GMP, Ys, Yp, which indicates that these indices are suitable for identifying
drought tolerant lines. Based on the results of the principal component analysis and the bi-plot diagram,
it was observed that the lines tolerant to drought stress are almost consistent with the clustering pattern
of tolerant lines and the lines sensitive to drought stress are also consistent with the clustering of
sensitive lines. MP and GMP indices are suitable for evaluating drought tolerance because they showed
a high correlation with grain yield under normal conditions and under water stress. The closeness of 4
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and 13 lines to GMP, MP, HARM, Ys indicates the tolerance of these lines to drought stress and therefore
they can be suggested as drought tolerant lines.

Conclusion

Selection of drought tolerant lines based on a combination of tolerance indices can provide useful
criteria for drought tolerance. A high positive and significant correlation was observed between MP,
GMP, Ys, Yp, which indicates that these indices are suitable for identifying drought tolerant lines. These
results help the modifier to select lines in different environments. Principal component analysis showed
that it is important to introduce genotypes with desirable traits such as genotypes with high yield and
resistance to drought stress. It is possible to speed up the improvement of new barley cultivars by using
stress tolerance indicators by breeders. In general, 4, 7, and 13 lines were drought tolerant and can be
used for barley improvement programs. Based on principal component analysis, drought sensitive and
tolerant lines were consistent with cluster analysis. Exploiting the results of the present study can help
breeders to select and identify genotypes that have relative tolerance to drought stress.
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Table 1. List of barley lines used in the study.

i) Lk
Genotype Origin

G1 Jolge

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/NK 1272

G8 CALI92/ROBUST//ND16301

G9 Radical/Birgit//Pamir-154/3/Rhn-
03//L.527/NK 1272

G10 Yousef/4 /82S:510/3/Arinar/Aths//DS 29

Gl11 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

G14 Pamir-
147/Sonata/8/Alpha/Durra/7/P101/5/3896/

Gl15 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
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Table 2. The amount of stress tolerance indices used in the evaluation of promising barley lines.

S5 4 Jomia RR 5 TOL GMPMP o sl

JJQ}J

92 il (Y (Sb 35l 5o eolaiwls g0 i & Jeaxd sl sl Glime Y g

R PV byl ol cond o ,Shos byl ol cod o Shos oy oo il & Joxi sl
Genotype (Yp) Jboy (Ys) S sals Joxi (MP) (5550 2 o
(RR) (ToL) (STI)
G1 7.34 4.74 35.43 2.6 6.04 8E-07
G2 7 5.41 22.78 1.59 6.2 9E-07
G3 7.08 54 23.76 1.68 6.24 9E-07
G4 7.78 6.13 21.14 1.64 6.96 1E-06
G5 6.07 5.17 14.74 0.89 5.62 TE-07
G6 6.32 5.47 13.53 0.86 5.89 8E-07
G7 6.4 6.79 -6.08 -0.39 6.59 1E-06
G8 5.93 4.42 25.47 1.51 5.18 6E-07
G9 6.40 5.6 12.58 0.81 6 8E-07
G10 5.16 4.34 15.82 0.82 4.75 5E-07
G11 7 5.7 18.57 1.3 6.35 9E-07
G12 5.79 5.49 5.182 0.3 5.64 TE-07
G13 7.48 5.93 20.71 1.55 6.71 1E-06
Gl14 6.49 522 19.52 1.27 5.86 8E-07
G15 6.20 5.06 18.44 1.14 5.63 TE-07
G16 6.43 5.67 11.84 0.76 6.05 9E-07
G17 5.92 4.18 29.39 1.74 5.05 6E-07
G18 7.02 5.37 23.58 1.66 6.19 9E-07
Mean 6.546 5.34 18.13 1.21 5.94 8E-07
Table 2. Continued aolsl .Y Jgu
el ] eSSl il o Sbos Ll sl sl oy el
Genotype  _wwia Saigeyla G g 4 Sl Joxi 4 Sl
900 (HARM) (RDI) S (ATI) s

(GMP) (DSI) (SSPIS)

Gl 5.89 2.87 0.79 1.92 0.05 0.02

G2 6.15 3.05 0.95 1.23 0.03 0.01

G3 6.18 3.06 0.94 1.29 0.04 0.01

G4 6.90 342 0.97 1.15 0.04 0.01

G5 5.60 2.79 1.05 0.8 0.02 0.01

G6 5.87 2.93 1.06 0.73 0.02 0.01

G7 6.59 3.29 1.30 -0.33 -0.01 -0.01

G8 5.12 2.53 0.91 1.38 0.03 0.01

G9 5.98 2.99 1.07 0.68 0.02 0.01

G10 4.73 2.36 1.03 0.86 0.01 0.01

G11 6.32 3.14 0.99 1.01 0.03 0.01

G12 5.63 2.82 1.16 0.28 0.01 0.01

G13 6.66 3.31 0.97 1.12 0.04 0.01

Gl14 5.82 2.89 0.99 1.06 0.03 0.01

G15 5.60 2.78 1.0 1.0 0.02 0.01

Gl16 6.03 3.01 1.08 0.64 0.02 0.01

G17 4.97 2.45 0.87 1.59 0.03 0.01

G18 6.14 3.04 0.94 1.28 0.03 0.01

Mean 5.902624 29319 1.004 0.98 0.0247 0.0092
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Table 3: Analysis of variance for traits of seed yield in 18
barley genotypes

axye oSl
SOV Clt gle Df MS
Genotype (G) (5455 17 1.101™
Treatment (T) (.5 1 295.55™
Rep Sy 2 0.046
G'T s # quis) 17 0.501"
Error s 70 0.152
CV% ol s g pi 10.1

ns .wjls jlo pme B wsye Vg O Jlaim! mhaw )0 oS5 4y w g%

3,105 0525l Sae IS
** * and ns show significance difference at the level of 1
and 5% and non-significance, respectively.

ER R TPV Y SR I B O PP,

i 4 wlas doasls cpl Sl 5l g ails 1,8 ag0
aS 00g Joxin deud slacpY 932 VY 5 ¥ slapY aisg
4 Joos b Ceglie T3] as S sl pgw 1S o
S laiss b b fhw)nd 5 S Glopis
Sl S 09,000 Jled 4 2l o Sl Lol Glaal
Vgame o Slee oS ly i ymly 5l S
Sbisl lecwses (Chaves et al, 2003) el el
ol gly (Cabello et al., 2013) wgd o (gondil
8, 8ee g la azls (ro (Swcen ol o 5l Jootie Cuigi
oz o SEs 4 Joxie gl cwyp sl sl
Ol 3,10 0 Slae LYL g o cixe (Ko a5 ozl

52 410 0,Shas Cuo g1 (pS T 9 95 Jiliin T GLoyeSilho dunlia F Jour
Table 4. Interaction effect of genotype and water deficit on measured barley traits

i 9 Sl ol alsoylos | ooigl ool Gyl ails o Slas
Genotype Irrigation Seed yield | Genotype Irrigation Seed yield

treatments (t.ha™) treatments (t.ha™)
1 walho g byl 7.20 % 1 o s 2.84h
2 Optimal irrigation 6.95d 2 Water Deficit 3.24¢
3 6.99%4 3 3.24¢
4 7.46" 4 3.68¢
5 6.10°° 5 3.10¢
6 6.27%d 6 3.28¢
7 6.40%4 7 4.07%
8 5.92¢¢ 8 2.65h
9 6.41%4 9 3.36¢
10 5.12¢ 10 2.60"
11 7.0%4 1 342¢
12 5.80d 12 3.29¢
13 7.50% 13 3.56¢
14 6.41%d 14 3.13¢
15 6.30%4 15 2.74h
16 6.50%4 16 3.20¢
17 5.95%¢ 17 3.24¢
18 7.10%¢ 18 3.05¢

A5l o g BMS S0SG L as 0 B mha jo Sl a993) 5l eolital b S pitee gy sl sla o Silo
Means followed by similar letters in each column are not significantly different at o= 5% probability

level.



\F-¥ )..3[.\ N7 ol ‘Gcl))' ‘a51.c 59 L;a.:.?u ASL‘%_;*-"‘J

vag

Dendrogram
Complete Linkage, Euclidean Distance

0.00

33.33

Similarity

Gl G2 G3 GI8 G4 GI3 GE GI7T G5 G6 GY Gl6 G0 G G4 GI5 GT Gl2

Observations

S 4 Jood g ls bl g g2 Y sl Ward gy @ glades a5 5l Jol> pl 59,050 ) K&
Fig. 1. Dendrogram obtained from Ward method for barley lines based on drought tolerance indice

5 Joxie oY alulis Glp ISl 5l (S
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Shade s Ygane Joote slacaisly wiled (silulax
shls PC2) aidlse pogs .aiiil o oyly SSPI 4 TOL
g0 0l plaisl ogs a1y eols S @l 5l oy TO
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(S @ o slaaSls e e Gl

5 o5 Gloasls K00 5 YS YD (o (Kad oy
Lylys o ails o Sles (s (Siwaor 5JUT K00 leas
Sere wilgi oo (St @ Jood sloazls 5 1S g Jloy
sl 5 ey e S LE Slp e
GMP MP L Ys asls (O Jgoz) sl oolatwls,ge
Sl ke 5 o sine Siaras RDI 5 HARM STI
RR 4 DSI 0 coie (Sar 00 30 .0 Jgaz) ol
o izmed s HARM 3 GMP ., GMP 4 STI ..
s RR (o e (Ko (i 9 SSPIS 3 TOL
eixe Sicran 4 saalice RDI 5 DSI yxizman s RDI

(Srod Grizred 2D 0aaline Y8 3 YP (o (Fudo g )0
ol b enalin YS g YP LMP 0 (g)lo xe 5 YU
G sme 5 e (Siwwon DIS s RR TOL L Ys
STI MP TOL ATI L Yp _asls ol las
Syl e 5 Cuie (Siwwed HARM 4 SSPIS.GMP
smsbio o ls STI Lasls casdllas 5 ol s 0ls oL
Sa 4 Jorte Glacds olulid 5 ) n slp
Farshadfar et al., 2018; Bihamta et al., ) o.& a5l
018
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Table 5. The correlation coefficients of drought tolerance indices among 18 barley lines

Correlation 1 2 3 4 5 6 7 8 9 10 1 12
1 Yp 1

2 Ys 0.50° 1

3 RR 035  -0.63" 1

4 TOL 053" -0468 0978 1

5 MP 087" 0862 -0.151  0.045 1

6 STI 0.84™ 0885 -0201 -0.007 0.997" 1

7 GMP 085"  0.887" -0201 -0.007 0.998" 0.998" 1

8 HARM 0817° 0908 -025 -0058 0993 0997 0.998" 1

9 RDI 0349 0.631"  -1.00" -0.978" 0.151 0201 0201 025 1

10 DSI 0349  -0.63"  1.00" 0978 -0.151 -0201 -0201  -025  -1.00" 1

11 ATIS  0.660" -0312 0926 0982" 0212 0162 0162 0114 -0.926™ 0926 1

12 SSPIS 0527 -0468 0978 1.000" 0045 -0.007 -0.007 -0.058 -0.978" 0978 0982" 1

0l STI ¢6 550 500 5k MP ¢ Jozs a5Lis ;TOL ¢ 2alS asj0 RR ¢ iz Lyl b cov o, Sles 1YS ¢ Jloy Lyl i cod o ,Ses YD
(St 4y ol sl DS e 5 s 5Kk (sl RDI «Sigo o (o5lea HARM 105,50 4 (st ufiloo GMP ¢ 235 &y Joos

S Ay Sl Qo0 el :SSPIS S ) ol S A Joz Ll :ATIS
Yp: Yield under normal conditions; Ys: Yield under drought conditions; RR: Relative Reduction; TOL: tolerance index MP:

Mean Productivity; STI: stress tolerance index GMP: geometric mean productivity HARM: harmonic mean RDI: Stress Non -
stress Production Index; DSI: Drought Susceptibility Index; ATIS: Abiotic Tolerance Index ; SSPIS: Stress Susceptibility

Percentage Index

SlocnY 5 8)s cillae L5 Jorita slagnY sonasy>
ol glagnY ganadss b jo (S A5 4 ol
@ Jozs b5, sl GMP g MP gla jasls .o )ls gl
als o Sloe b oYL (Swgpn 15 2iil oo cnlin S

isls plas o555l g )lnles 5 5 Jloi laulyd o

Wi (5 A
oS bl (S 4 Jerie by Sl
@ Jod sl ke Sl lre Wlgi oo Jood sla Ll
Sildne 5 o GVl (St S ool o2 (S
o lis 45wl ssnline Yp Ys GMP MP
Joie slocpy olulis gly basls ol as cwl oy
Sl gl XMool 4y gl cpl s coilin (Sis 4
ailge 4375 ylai e SaS dilieo clalame 4o lacyY
collhe Slao b olacaiss) B8y lpas ol olas Lol
S A5l polite g YL o Shos L obbeadsi wile
52 dax pl ] Aol 4y onisn Cae g 0518 gage 95,8
ol SoNal lawgs 25 4 Josd gl pslis 5l solazul b
G Jeze W oV g ¥ slacpy U5 sbay .conl iy Sl
oolaiwl 9> Mol slaasl sly g oo 9 Wiog S

JNoged ;5 lacisdy s 5l g5l Olsse ISk

Sl s baasi) (SuiS) 95 3929k L pe 1) SN
@ Joos s arli pin L(YS) Sis byl i o0 Slee
ATIS _psls b Js ol ol oV (Siean St
plo g polie mlo ob plis b S
Sl ool (3155 I (gom 5 gy bl 2 e
Hajibarat et al., 2020; Nouri et al., 2011; Safari )
-olis ol sl jlogas 55, p laepY &35 (et al., 2019
2 Y G (SdS AL 4 Gl 50 E95 39279 oimd
= 6b Jloged 1o oo 4 Cad b azLs a5 sllg; (Y JSS)
oasssslzs TOL SSPIS DSI RR ATIS o),
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Table 6. The results of principal components analysis for drought tolerance indices in barley lines

bailze Js! aidje pooailze  powailie ez ailie  exn Al eddailb
Component PC1 PC2 PC3 PC4 PC5S PCo
Eigenvalue 6.5237 5.4558 0.0124 0.0055 0.0026 0.0000
Proportion 0.544 0.455 0.001 0.000 0.000 0.000
Cumulative 0.544 0.998 0.999 1.000 1.000 1.000
Yp 0.025228 0.53728 0.38788 -0.21794 -5.88E-05 1.13E-01
Ys -0.044065 0.42715 -0.40247 -0.37364 0.028327 1.15E-01
RR 0.99461 0.01001 -0.08596 -0.01312 0.001294 1.38E-04
TOL 0.069293 0.11013 0.79035 0.1557 -0.02839 -2.00E-03
MP -0.009418 0.48221 -0.0073 -0.29579 0.014135 1.14E-01
STI -3.38E-09 1.30E-07 -7.24E-08 6.92E-08 3.23E-05 -1.73E-05
GMP -0.012508 0.47764 -0.16928 0.51783 -1.64E-03 -6.89E-01
HARM -0.00777 0.23656 -0.16225 0.65377 -8.15E-02 6.95E-01
RDI -0.012196 -0.0001 0.001054 0.000161 -1.59E-05 -8.43E-07
DSI 0.053921 0.00054 -0.00466 -0.00071 7.05E-05 7.27E-06
ATIS 0.0014113 0.00432 0.020659 0.073645 0.99576 5.09E-02
SSPIS 0.0005293 0.00084 0.006037 0.001189 -2.16E-04 -1.31E-05
Table 6. Continued alsl.f Jgus
adlgo pas adlgo e adlgo ol adlgo 2 adlgo w233l adlgo w233l90 4dlgo
Component PC7 PC8 PC9 PC10 PC11 PC12
Eigenvalue 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0000
Proportion 0.000 0.000 0.000 0.000 0.000 -0.0000
Cumulative 1.000 1.000 1.000 1.000 1.000 1.000
Yp -3.99E-02 1.46E-01 -5.79E-01 3.35E-01 -1.34E-01 1.09E-01
Ys 6.77E-03 -3.92E-01 3.87E-01 4.03E-01 -1.02E-03 -1.87E-01
RR -5.37E-03 -7.97E-03 1.28E-03 -1.30E-02 -5.24E-02 -8.63E-03
TOL 2.36E-02 -2.67E-01 4.81E-01 3.37E-02 6.72E-02 -1.55E-01
MP 3.32E-02 2.45E-01 1.92E-01 -7.38E-01 1.35E-01 7.74E-02
STI 9.91E-01 2.63E-02 -9.61E-03 3.24E-02 -1.19E-01 3.14E-02
GMP -1.20E-05 -4.89E-07 -2.12E-07 9.83E-07 5.83E-07 1.07E-06
HARM 1.46E-05 5.73E-07 1.86E-07 -9.31E-07 -8.54E-07 -9.40E-07
RDI -7.57E-02 7.21E-01 4.65E-01 2.91E-01 -4.09E-01 7.59E-02
DSI 8.19E-02 3.10E-01 8.15E-02 3.06E-01 8.73E-01 1.76E-01
ATIS -3.11E-05 -1.00E-06 3.94E-07 -7.72E-07 3.49E-06 -1.77E-06
SSPIS -3.52E-02 -2.76E-01 1.55E-01 2.53E-02 -1.12E-01 9.41E-01

o, RR ¢ Sias byl s cog o Sles XS ¢ Jlo 5 oyl cois o ,Slas YD ¢ c2es :Cumulative «owws Proportion o35 laie: Eigenvalue
£ Sige, o u,.iL..a :HARM €590 2 (gwIiR OeSileo GMP (S A oo el STI 5,90 2 Oreibes MP ¢ Lo az Ll TOL su;.i..:alf
4 Sl a5 @3 Ls SSSPIS ¢ s i 4 Joos el :ATIS ¢ Sas o conlis a3l DSL e a5 g o Sloe a3l RDI
Yp: Yield under normal conditions; Ys: Yield under drought conditions; RR: Relative Reduction; TOL: tolerance index MP:
Mean Productivity; STI: stress tolerance index GMP: geometric mean productivity HARM: harmonic mean RDI: Stress Non -

stress Production Index; DSI: Drought Susceptibility Index; ATIS: Abiotic Tolerance Index ; SSPIS: Stress Susceptibility
Percentage Index
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Fig. 2. Biplot analysis of PCA for barley lines and tolerant indices in drought stress
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