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Table 1. Name and pedigree of the studied genotypes
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Code »5 Pedigree o y>ui
Gl Ansar
G2 Abidar
G3 Sararoodl
G4 Crossing Block - Karaj (93-94)-328
G5 Crossing Block - Karaj (93-94)-361
G6 Crossing Block - Karaj (93-94)-392
G7 Crossing Block - Karaj (93-94)-396
G8 Dayton/Ranney//Sadik-02/Sararood-1 IRB-009-08-0OMH-OMH-OMH-0MH
G9 Aday1/4/Tokak/3/Lignee131/ArabiAbiad//Alpha/Durra/5/Sadik-02/Sararood-1 IRB-009-23-0MH-O0MH-0MH-0MH
G10 Tokak*2/3/CWBll7—5—9—5//CWBll7—77—9—7/|CB—104073/401/'\%arj31'<//|8|_?—5151//DZ—40—66/3/Meteor IRB-009-28-0MH-0MH-0MH-
G11 Zarjau/80-5151//DZ-40-66/3/Meteor/4/YESEVI93/TIRCHMIR-43 IRB-009-32-0MH-0MH-OMH-0MH-2MH
G12 CWBL117-77-9-7//Roho/Masurka/3/K-88 M1/4/EC84-10 IRB-009-44-0MH-0MH-0MH-0MH-3MH
G13 Radical/3/ICB103351/Arta//GkOmega/TokaklCB09-1379-0AP-0AP-OMH-0MH-2MH
G14 CWB117-5-9-5/3/1gri/MOB2639//P13161/1gri/4/Alpha/Cum//CWB117-77-9-71CB09-1522-0AP-0AP-OMH-OMH-4MH
G15 Wieselburger/Ahor 1303-61//Ste/Antares/3/Roho/MasurkalCB09-1906-0AP-0AP-0MH-0MH-3MH

0235 (A) (RR) s ialS asls (YY) (RDY)
DS g U5 ygepe padls (V) (Y1) oSdes
Loy el (ATI) ) pe Joos el (SNPI)
4 Jood lo jatld  (W)SSPD) 25 4 Comls
5 (V0) (MSTI2) 5 (MSTly) al, JSib s i
2 Jsed 2)S osliil (V) (TOL) Jeos asld
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O 4 lcw; Cuwles b Jood (i e
(V) (SSI) L5 4 Camlue (adlis 5l cwip & (Sis
(MP) 90520 xSk JA) (STI) (25 Joos il
5 17) (HM) Sisole :Sike a5ls (1Y)
St 4 o5 sl () (GMP) otin (sSike
S5 (5) (YSI) >8ke silul pasls (¥A) (DI)
3bas i 2lS 315 (1) (RDI) (s (S5

1 Susceptible stress index

2 Stress tolerance index

3 Mean productivity

4 Harmonic mean

5 Geometrical mean productivity

6 Drought Index

7 Yield stahility index

8 Relative Drought index

9 Relative Decrease in Yield

10 Relative Reduction

11 Yield index

12 Stress and non-stress production index
13 Abiotic tolerance index

14 Stress susceptibility percentage index
15 Modified Stress tolerance index 1

16 Modified Stress tolerance index 2

17

SSI = (1-Ysi/Ypi)/Sl, SI =1—(Ys/Yp)
STI = (Ypi) (Ys)/(Yp)?

MP = (Ysi+Ypi)/2
HM=V(2xYpixYs)/(Ypi+Ysi))

GMP = (Ysix Ypi)

DI = (Ysi(Ysi/Ypi))/Ys

YSI = Ysi/Ypi

RDI = (Ysi/Ypi)/ (Ys/Y p)
RDY=100-(Ysi/100 x Ypi)
RR=((Ypi-Ysi)/ Ypi)x100

YI=YsilYs

SNPI = [(NYpitVYsi (VY pi-VY51)]%338 x [\Ypi xVY sixVY 5] 033
ATI=[(YpilYs)/ (Yp/Ys)] x(NYpix\Ysi)
SSPI = ((Ypi-Ysi)/(2xYp))x100

MSTI1= KixSTI, Ki=Y?pi/Y2p

MSTI2= KoxSTI, Ko=Y3silY%s

Tolerance TOL=Yp-Ys
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oo byxo 13 el als 3 Slos ke =YP (5 Cov
SSI: Stress sensitivity index, RSI: Relative saline index, TOL: Tolerance index, MP: Mean productivity index, GMP: Geometric mean productivity
index, STI: Stress tolerance index, Y1: Yield index, YSI: Yield stability index, SI: Saline resistance index, ATI: Abiotic tolerance index, SSPI: Stress
sensitivity percentage index, SNPI: Non-stress and stress environmental product index. Yp: Yield in normal condition, Ys; Yield in saline stress
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Table 2. Combined analysis of variance barley genoteps for grain yield in rainfed and irrigation conditions

Means of Square Degree of Freedom S.0.V.
3 Slas (1Sl sl sy s mlio
16.46™ 1 (Place) %o
0.588 6 (Block(Place)) (%) S'sly
0.172™ 14 (Genotype) 555
0.153™ 14 (Genotype*Place) lSe 3 o)
0.047 84 (Error) s
23.3 (CV%) &y Gy

** *: Significant in 0.01% and 0.05% respectively
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Table 3. Analysis of variance of drought tolerance indices in barley genotypes

Degree of SOV
YSI Y1 GMP STI MP TOL RDI SSI YS YP Free:dom L.o
@bl a2y el
0.16™ 0.08™ 0.01™ 0.11™ 0.23"™ 0.99™ 0.88™ 0.47™ 0.024™ 0.93™ 3 (Block) <S'sly
0.038™ 0.007 0.04™ 0.044™ 0.088™ 0.315™ 0.208"  0.115™  0.0023 0.33" 14 5
(Genotype)
0.011 0.011 0.013 0.014 0.025 0.081 0.066 0.036 0.0035 0.087 42 (Error) s
233 10.5 13.6 26.6 16.8 0.37 233 20.64 10.5 223 CV%
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Table 3 continued
Degree of SOV
RDY HM RR SNPI SSPI MSTI2 MSTI1 ATI DI Ffe%dom L»
&l e
0.327**  0.044**  1554.4**  0.275**  1411.9**  0.204**  2.33**  0.256** 0.229 3 (Block) J}Lg
0.128** 0.016* 378.3** 0.027 448.3** 0.076* 0.77**  0.085**  0.038* 14 955
(Genotype)
0.04 0.007 119.8 0.044 115.08 0.033 0.23 0.023 0.018 42 (Error) s
26.6 11.3 20.6 19.5 37.4 40.9 40.9 40.19 28.6 CV%

SN 80 B g ) aw 53,15 s 5
™" Significant in 0.01% and 0.05% respectively
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SSI: Stress sensitivit?/ index, RSI: Relative saline index, TOL: Tolerance index, MP: Mean productivity index, GMP: Geometric mean productivity
index, STI: Stress tolerance index, Y1: Yield index, YSI: Yield stability index, Sl: Saline resistance index, ATI: Abiotic tolerance index, SSPI: Stress
sensitivity percentage index, SNPI: Non- L » R .
stress and stress environmental product index. Yp: Yield in normal condition, Ys; Yield in saline stress condition
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Table 4. Comparison of the mean of studied barley genotypes in terms of drought tolerance indices

YSI Y1 GMP STI NP TOL RDI SSI Y5 YP Genptype
0.437 0.942 0.838 0.424 0,953 0.84T 1.029 0.979 0533 1733 GI1
0.4200t 1.0442 0.937% 0.537° 1.058° 0.937° 1.009%cer 1.009%c 0.59° 1.527° G2
0.298' 1.1022 1.102° 0.721* 1.324° 1.453° 0.7' 1.223° 0.598* 2.05 G3
0.567%¢ 0.936° 0.751 0.8250 0.825%  (0.5950 1.33%¢ 0.7550 0.538* 1.122%e G4
0.4810ce 1.035° 0.8460e 04215 0.908>  0.645°  1.12goe 0.904°e 0.585° 1. 2300e G5
O Do4r  Grom  Gaee  o7ae o4 iaie  oeew 0B o &
0.508%cce 0.978* 079200 0.37° 0.853°@  0.601°%  1.192°we 0.8570cc 0.553* 1.1530cce G8
se e dmn o g G da gan ddw G lar @
. 991 921 505 1.055 . . 1.057 5 1.55 1
0.372° 0.991° 0.925° 0.511° 1.048% 0.977° 0.8737 1.095% 0.56° 1.537% Gl1
0.408%" 1.013 9% 0.477> 10 0.856> 0.956%" 1.023%° 0.573° 1.428°¢ G12
O R A A A
0.44gvccet 0.956° 0.8040c¢ 0.381° 0.87° 0.66%¢ 1.054°er 0.962cce 0.54% W G15
¥ Jgis ol
RDY AM RR SNPI SSPI MSTIZ MSTIL ATI DI Genptype
0.723%  0.743%% 56,1377 1.006®  3L.73" 0.388° 0.616™ 0.326™ 0.428™ GI
0.916° 0.834® 57.g7oca 1.084% 35.35 0.641® 1.019° 0.411° 0.4430c G2
1.23° 0.92¢ 70.142 1103 54.81° 0.836° 1.909° 0.698° 0.318° G3
0.638° 0.687° 43,30 1237® 2245 0.603°@ 0.603° 0.249%  (.538%° G4
0.718° 0.79°cce 51,8700 1.066®  24.34% 0.453° 0.37° 0.2340  (.502%¢ G5
0.535% 0.708% 31.88" 1.287° 11.92¢ 0.342% 0.161¢ 0.103¢ 0.72¢ G6
0.502° 0.673 39.75¢ 1.069% 15.16° 0.267° 0.168° 0.127° 0.571% G7
0.6320  0.736™%  49.48°e 1.042° 2267 0.35% 0.309° 0.21°%e 0.503> G8
0.803> 0.79°%e 56,95 1.048° 3352 0.457° 0.67° 0.357° 0.4325¢ G9
0.861° 0.8072 60.65% 1.038® 37.36° 0.495° 0.805% 0.407° 0.397°c G10
0.872° 0.817%° 62.8% 1.015® 36.86° 0.533% 0.789° 4 0.369« Gil
0.814°  0.811®« 59,24 1.038® 32.3% 0.509° 0.571% 0.33%0 0.421° G12
0.763°°  0.808@% 54 g3 1.06a° 26.82°% 0.485° 0.434% 0.265°%  (.472° G13
0.647°  0.761°% 46,01 1.087% 19,81« 0,405 0.281° 0.183%¢ 0.562%¢ Gl4
0.651°0  0.743% 55,0400 0.976°  24.91% 0.365% 0.319° 0.226°%  0.434° G15

Bl (g)b gre AW ol ko )d S o 50 (gt jb 4D S e gy b a1 Sl
Averages with common letters in each column are not significantly different at the one percent level
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SSI: Stress sensitivity index, RSI: Relative saline index, TOL: Tolerance index, MP: Mean productivity index, GMP: Geometric mean productivity
index, STI: Stress tolerance index, YI: Yield index, YSI: Yield stability index, SI: Saline resistance index, ATI: Abiotic tolerance index, SSPI: Stress

sens(.ji_ti_vity percentage index, SNPI: Non-stress and stress environmental product index. Yp: Yield in normal condition, Ys; Yield in saline stress
condition
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Table 5. Correlation coefficients among tolerance and susceptibility indices in studied barley genotypes

srdadlhe g (Sl > A5 & Camlas 5 Jood Glaadld (e (Stued culps =0 Joi>

AM RR SNPI SSPI MSTI2 MSTIT ATI DI YSI Yi GMP ST MP TOL RDI ST Ys P
T P

1 017  YS

1 0.22 084~  SSI

1 1 0.22 -0.84"  RDI

1 089"  0.89” 0.02 099™  TOL

1 096~  .o78" 078 0317 099"  MP

1 099" 0917 0.7 07" 043~ 096"  STI

1 0.99™ 098~ 089" 0727 0727 0477 095"  GMP

1 047" 0437 0317 0.02 0.22 0.22 1" 017  YI

1 0.22 0727 07" 078" -0.89” 1" A 0.22 084" YsI

1 0.96™ 048~ 0517 0517  -0617  -079" 0967  -096" 048" 07" DI

1 068  -0.8” 0.13 091" 0947 097" 098" 0.8” 0.8~ 0.13 099" AT

1 096™  -0517  -0.647 0.23 087" 0927 0.92™ 09 0647 0647 0.23 092™  MSTI1

1 08~ 077" -0.23 045" 0677 091" 0927 085~ 069" 0457 0457 0677 078"  MSTI2

1 0.69™ 09 098"  -079"  -0.89” 0.02 089™ 0917 0.96™ 1" 089"  0.89” 0.02 099"  SSPI

1 -0.29" 021 -0.01 -0.16 078" 0.64” 0.66™ -0.01 0 -0.08 -0.29° 064" 064" 066 018  SNPI

1 0.647 0897 0.45™ 0.64™ 08~ -0.96™ 1 0.22 072" 07" 078~ 0.89” a1 1 0.22 084" RR

1 0.55™ 0.12 071" 094~ 0.73” 0.75™ 0.3 055" 0.69” 0.95~ 0.92” 0.88™ 071" 055" 055" 069" 0817 HM
0.92” 07" 0 091~ 092~ 0.92™ 094~ 051" 07" 0.43™ 0.99~ 1 0.99~ 0.91 0.7 07" 043" 096~ RDY

**_*: Significant in 0.01% and 0.05% respectively
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Loylyds )3 (659000 el SNPI (i3 &) Camluss 1uoyd (el [SSPI il puuss (5 4 Joo adlis IMSTI2 g MSTIL ¢t pué oo Ladli AT Sid 4 Joss adlis DI o Sles ()il (asls :YSI o Slas (asli Y1 (wkin
Slas s SialS (a3l RDY «Sigoyls 3:Kke tHM ¢ s (5018 RR (i 9l 9 i
SSI: Stress sensitivity index, RSI: Relative saline index, TOL: Tolerance index, MP: Mean productivity index, GMP: Geometric mean productivity index, STI: Stress tolerance index, Y|: Yield index, YSI: Yield stability index,

Sl: Saline resistance index, ATI: Abiotic tolerance index, SSPI: Stress sensitivity percentage index, SN};
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Table 6. Eigen values, cumulative contribution and eigenvectors of drought tolerance indices and grain yield under
drought stress and non-drought conditions

Second Component First Component index
P> adle Jsl adlge o3l
-0.001 0.993 YP
0.855 0.365 YS
-0.262 0.952 SSI
0.262 -0.952 RDI
-0.07 0.986 TOL
0.07 0.993 MP
0.147 0.98 STI
0.133 0.99 GMP
0.855 0.365 YI
0.262 -0.952 YSI
0.432 -0.896 DI
0.018 0.971 ATI
0.144 0.907 MSTI1
0.331 0.921 MSTI2
0.074 0.986 SSPI
0.688 -0.396 SNPI
-0.262 0.952 RR
0.258 0.944 HM
0.147 0.984 RDY
14.05 79.95 Percentage of variance
94 79.95 Cumulative variance percentage
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SSI: Stress sensitivity index, RSI: Relative saline ‘index, TOL: Tolerance index, MP: Mean productivity index, GMP: Geometric mean productivity
index, STI. Stress tolerance index, YI: Yield index, YSI: Yield stability index, SI: Saline resistance index, ATI: Abiotic tolerance index, SSPI:
Stress sensitivity percentage index, SNPI: Non-stress and stress environmental product index. Yp: Yield in normal condition, Ys; Yield in saline

stress condition
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Figure 1. Grouping of studied genotypes using calculated indices through principal component analysis
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Table 7. Values F and wilkes lambda statistics for different grouping modes based on measured indicators

Lambda statistic

F statistic Group Number

laeY b)Loi F n)Lo] Lmas)f laas
0.009 29.404 2
12.696™ 4

**, ™ Significant in 0.01% and 0.05% respectively
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Figure 2. Grouping of studied genotypes using calculated indices through cluster analysis
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Extended Abstract

Introduction and Obijective: The most important factor limiting plant growth in rainfed
conditions is water, and since most of the land in Iran is located in arid and semi-arid regions,
determining the relative drought tolerance in crops is of particular importance. By evaluating the
genotypes of each plant that are able to provide relatively acceptable yield under low water
conditions, they can be grown with more confidence in arid and semi-arid regions.

Material and Methods: In order to investigate the effect of drought stress and selection of
drought tolerant genotype in barley, 15 different genotypes under two conditions of normal
irrigation and rainfed conditions in randomized complete block design with four replications in
2020-2021 in Khairabad and Khodabandeh research stations Of Zanjan province were studied.
Results: The results of combined analysis showed that there was a significant difference
between genotypes in terms of grain yield between normal irrigation and rainfed conditions and
rainfed conditions reduced grain yield by more than 50% compared to normal irrigation
conditions. Under normal irrigation conditions, the highest yields belonged to G3, G10 and G11
genotypes, respectively, and under rainfed conditions, despite the lack of significant differences
between genotypes, the highest yields belonged to G3, G6 and G2 genotypes, respectively.
There was a significant difference between the studied genotypes in terms of all quantitative
indices of drought tolerance (except Y1 and SNPI) as well as yield under stress. Correlation
analysis of indices with yield under normal irrigation and rainfed conditions showed that there
was a significant correlation between MP, STI, GMP, MSTI2, HM and RDY indices with yield
under normal irrigation and rainfed conditions. Correlation of indices with yield under normal
irrigation and rainfed conditions showed that there was a significant correlation between MP,
STI, GMP, MSTI2, HM and RDY indices with yield under normal irrigation and rainfed
conditions. Principal component analysis based on indices showed that the first component and
second components explain 79.95% and 14.049% of the total changes. The bioplate diagram of
the components showed that genotypes G1, G2, G3, G9, G10, G11, G12 and G13 were in the
positive part of the first component diagram and these genotypes had good adaptation in normal
irrigation conditions. Among these genotypes, G2, G3 and G13 genotypes were in the positive
part of the second component diagram, so these genotypes can be introduced as high-yield
genotypes in both irrigated and rainfed conditions. Cluster analysis showed that G1, G2, G3,
G9, G10 and G11 genotypes were in the same group and these genotypes can be considered as
drought tolerant genotypes in terms of calculated indices.

Conclusion: There was a significant correlation between MP, STI, GMP, MSTI2, HM and
RDY indices calculated with yield under normal irrigation and rainfed conditions. Therefore,
these indices can be used to select stress-tolerant genotypes. Grouping of barley genotypes
based on calculated quantitative and qualitative indices showed that G2, G3 and G13 genotypes
were identified as superior genotypes in full irrigation conditions and the most tolerant barley
genotypes to low water stress.

Keywords: Cluster analysis grouping, Drought stress, Index, Principal component analysis



