[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.61186/jch.15.45.46 |

il b e 5 (535S pole oS>
b oS ol wlilags,

¥5 VEY g %0 0)lass /om3 5l Jlo /isely5 olalS el aolitags,
" :.us}o,-; M&O"
oo oS 5B yad W 1 ool U g )3 SWid i 4 Joodie gLaigl) o2 bobind

30 Sl 3,8 7 6 a5 s T gox0 G950 ¢ Swl ST e

Dl (o5 53,318 ey 9 Ubigel i lojles (s il b aille 5 (65,lS bisel Cliios 35 10 £l g 55 pole Clikios i Jlaliul -
(asadipm@gmail.com : Jggume o o3)

Ol )5 «539UES 2y g el Wl lojlu (b5 sl gmbo alio 9 (5559LiS” (B i90l Cliios 3330 ¢ 2 g (81 pole liins isu (pwlud)lS —Y
Ol el 48539l g g GBgel «lining (lojlu ()15 sl gmbo i 9 (5559LiS” (590l iS00 ¢ 2 g (81 pole Cliins iy bl Y
Olpl délie 033 (65y9liS Slidn dumwgo Hbdliwl —F
VEVENY iy i VEVYA il s oyl
ML ¥F aman

bgrue 245

&ly Stdaos 3 Sts 2y olul o) plasl Gise sz g bl o qd bulyd ) lalS 45, xS dgumme Jole oy foge (AR 9 doddo
1) a7 38 IS bl € 45 LS i 1 a3 (i b el oy oty opndl 3] el GIBLS 5 (SES  s Jad (s bl
el oS Sitdaes 5 Kb 2l o |y bl gy Glinebl b olyice il (Jod BB bws 3 Slec

25 el Jlop bulyd 93 )3 ciliseo I 0 e )3 (Suid @ Josxis Slaciyy Sl (Sis A 5] y pslitess W) g Dlge
2515 adlls s bl o3liS g 3T ladios oSzl 93 15 WARNFee elys Sl )3 1,55 Jlan 5 dols JolS' cloSshy b I3

w0 blps g il 3y ()b ime Sglis lacuie o 4l 3,8es o il v03 g Jloy balyd g3 op &5 3 lis S e o5 s (LaABL
4 Bt iy o Slas oy (Jgese ool lid 3 0008 Jlog ol Ll b dlio )3 s 5 Slas (5000 01 5l i (10l sl
9G6 G3 slocaig 4 laio cud iy 0,Slos o yidi baadsl) o GBS il jld dme o8 (e pad balyd )3 9 G11 9 G10 G3 (slacss;
ey S 3 Ll 53 5,Slac 5 3 (SNPH 3 Y1 Sl 33 (S5 &y gl s csla sl lS i) alansyge (e o 39 G2
MSTI; GMP STl MP (¢l sl 0 a5 ol Hlis (o2 9 (Jgome ()bl bylyd )0 5 Slos b o jadld | Sced 4550 .oy 2929 (5 0 oixe
&S ol s daasls elol ol clbaddhe 4 ajo0 il dgvg (63 dxe (Siused 123 5 Jyeme ()l bulps )3 3, Slee L RDY 5 HM
G352 Gl elocips 45 o> s dilge j1 Lols & lel g0 S o dngi |y US Slyasis 1 2o )3 VE/-FR pgd ailio  YA/RD ol ailio
o) ol g L;\ sbow 4 o5 )55l b bewys opl 5 auslh )8 J91 adlie oged Cute Cuowd p G13 4 G12 G11 G10 G9
9 2 P Vb 3,Sles b socuisy |y bawsy ool Olgiie onlple 83855 )18 pod adlhe Jlages cute ciond )3 G13  G3 G2 sy L‘hwﬁ‘)
laigss ol Olyiiss o K8,5 51,5 09,8 Sy 55 GL1 5 G10 (B9 B3 52 GL (slacesiss] 45 313 L (cladgd 4325 5,8 Lbymo pod 5 ol Loy
o5 J55 3 (S5 4 oo Slaci) oy, obamalons ol i

Siime (Siumad w3 g Jyere 6kl Laalps )3 3 Slas b edamle RDY g HM MSTIl; GMP STI MP (sla sl 55 a8 dorad
slagadls pwlol » g lacip] (gaeg)S 2 okl Wi & Jeoie (lacis (S Cap lapadld ol | glgie crlpl fedl ag2g
DR & S 9> S cndestie 9 JolS (lal kalyd )3 jp sbeaig lisa G135 G3 G2 (lacaig) o (lis sadanbre of
615 s oS

09,5 ol saailie 4o (slades o ((Sis i gl gojlg

bulyd culio o8 553 Wbl olacuig] dalyd 9 »
s st bl o a5 il ks, gl
bulyd 93 o cod plyy S o Jol8 25 bl o
Jo.’xla Fls)l ubu;] d]ﬁ a5 Awd d‘o.)uo.c d)Jl)Mu‘ A
Ui S sl b ioles] el yo (V) Wlowd dlpidiy (5
DS oo 58 Jaise by 5 Sles ks cly; 4l slas e
L Sl e Mme (S | (B &SS90
g Suad gble 5 g Bl pB) Mol > i
e t’g)l.\g.li wlolis a1y sl asls Ll Suddes
o 5 03,5 (ololis Siin 30 (S5 (5 laly
ool 3y50 LSl sla)lze lgieds aily 5, Slas 4y 09Me
bylys o bewss) oo 2,Sles Candg sycnll Al 8
Sl gord dall S lyear ol lyd 5 (Sas a5
ab o Slae Jowsly baas aSol @ an g5 b (FY) sl Sis
Sigdnid slme S plyisdr plgie 1) L5 klyd
Suayiso a5 W AY) €85 5 3 (SdS A5 4 Jood

doddle
gaw bld jlas cul (o]j lalS o et 5 So 5>
gaw 23loo L3 3 e dle (a)loz g5 g CtS
Oslee OVD 2 L VY Jlo 3 1y ) > ctS
b olal g 9; Ooeeo VOB 5 AL o] 5 Slae 5 S
Oskee YIZ 0l Mg g U8 (yaben ¥/4F plpy YoV Jlo
> 3 92 JS 5l pgwsd 290 (IF) sl oad (2135 05
2 el d9)i0 ) & Caio 3 o e ey 40 6l
de Greg> pAS 5l am Bpae 9 Wy Sl e ol
(YD) xsb e
g 3)Sles (5l (u)p Caa ke Slagsdy,
ilods dﬁlﬂ u_:‘}m 9 u‘ ]a.;l).w )l (9 Aald 2 b 4
(V%5 e 9 i) slate (drwore baylyid )3 5 Slas duléo
B )55l e 93 p 4 & e (LS g
b iy dlge o)l (VY) Conl g iolojl @Syl Lol
S dygle alp 1y Gl ol alid iz > (2

[ONOH


http://dx.doi.org/10.61186/jcb.15.45.46
http://jcb.sanru.ac.ir/article-1-1366-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.61186/jch.15.45.46 |

v

Sl alajd g )l (s csdasee jopte gl ST s
VY lo /50 o)les /a3l Jlo /215 lalS Mol dolisimngss

rcwle @l 3 Slas b YU Ston o & i
bilyd 9 2 0 bess) 008 Jb ulp bpasls
@ Cuaglie b5y L (V) (hlen g ()8 009 (Lol
Soolainl b pad g 0byls byl Cov g Cuigiy VE (Sis
(g0 ke Jed Sl (S 4 Jeod sl adls
Comlus pabld (59000 (did (ke (Jood el
MR a8 Wby ol G 4 Jeoo (adld g S @
g lpadls ol JLijl Loyl om (i sl
3939 Sl a8 Cuil dg3g wd g ol lulis o o Sles
@ Jood glp QB g 390 icaigi om > (ST 98
sloasky 5 (S5 Sllae ly 515 S) 90 9 Sis
Op Sheer b cdloe pholal | (M
o asls g w3 g ol s )3 4 S5y aily 5, Sles
OSbe ygoxte (Sl O i (S a4 Joos
Opclie GBS 4 Comlus (adld g (yg0 00 (owiia
il g2 lacsg (25 Jbt ol lpadls

o | (St 5 4 o) sban)ly oot (o)
bl & a8 b Gl odp dog Dj50 oylsen (gl
P8, ags Cdgdone g HoudS Siiddows g Sl auld
JsB 6 >Slos wilgzy o] G55 il 0 & oY
Jole pmte Yool o)l ijgps ail auil gyl 4
bl 5l g b o Of mod baalys )d lalS wd,) 00 D900
Sitbdas g Sits slys 3 ol ol lael Lise &
5 LS 53 (S5 4 g Ja s oy ol
23 ebessl QL)L cwl yssp ok Cueal |l
DB Lws 5, Slae &1yl 4 0B oloS bslyds cou oS olS
Py 1) gl e plabl b plge il Jod
Gl 51 G Ll ol 3 30 CulS Sitbdays g Sl
JoS sy slp pasld (nye Lol Giagg xl
Scwig Ju niren 5 2 Sbcwin]  (Suis 4
D9 0l Ul )3 3 bailpd 53 (s 3590

W ywg; 9 319
# oot abyly lagnY ol b iagh
9 sl lasl sals 13, aw olyen 4 (obsl Y IY)
» ok Ja sS85 (1 J3) 39l
oSl 90 o WA el Tl LSS ke
A5l glbsy gl eanlis w9 dblps  lidss
5 By a3 TR 5 ey YA Jgb > oiflis s ol
e YAVD glasyl b LJLM: 488> 5 axp V5 oy
YA 5 a3 ¥V Job ;0 dbl s o8] 0yl Jl3 Ly o
gl b g Jlod ddBd YV g 423 ¥ (15)e g ()b i
Jolis dolosl (slacsyS als 51,8 by adaw 51 e VYV
ol Y b Aol | o b oo & b (b
» &y Yo L)"L"" » AT d‘).g uﬁ)...a.a ).:\.g ub.uo D¢
o b e gy Al Jlia (g 4 dag b @pesie
o8l byl gl delwe b ey (gilwodlel g i
oK 99y u_c‘»’ Jh olo yo0 )$|9] 2 CusS cdalaio
=h Jgere glacidlye 13y Juad Job 3 .85 )50

o bulys jo ab o Slee ialS oYL soyn b pB)) a5

(M) $98 grkae 15 4 ol Bl lgicay (St
O alpd 93 3 1) g2 S5 Y (1) Sen 5 olucdg
2 a8l ol Jols gbs 60,8 byl (eSS )bl
3fdes Jil I ae BT ewins) G (5 Ll
lacwigr; M g bl balps cov Jg caslis g g 4l
P Sy 45 2o g 3 gne sl 4l 3 Slas Ll
059 ©lao 3550 50 lasee y3l aS oy lis cosS bylyd g0
Sheoy B ey b g abiw > all g wilsla
Sl sgmg Jbobxe AMB! aloze po (K55 540
Sy B gy S Cho i Clao alS e i
P2 (YA) OhlSer 5 splo e jbiine (Sjsle s
015 5 Jlog baylyd )3 Slio Stased obul 5 (gladllas
ool Jud 5l Sluogas o5 Wb ol o Sis
iy 3 Sty S Sy Jsb iy i) el
L Byl bl (gl (ola et ls plyiees plyice |y ab)lin
Sges odlatel g5 pae g 35 kil o YL o Sles
o il plB)) oo adllas b (1)) oy Ken o (sdame
@Y (S5 €55 45 3900l ol 39008 ST 4y S
Sy G55 g Jol olal s 3 g il pB)I
S 3l culd 1 She &S W50 lo iz Cpl sl
bt 15 ks 0 e Jeowie pB)l 5 cilas] ol
O oizen g S ol baulyd 5 VL )b e
g Cute (Shumon Jol§ (ilol 9 A5 Llpd 53 3)Slee
Jo8 olol baylyis jo a8 o8, 1 caily dgmg (g)ly gimo
S 0,Slee il a balps > s o 3 )Sles
Byl Sl &S 85 dons e () g 51555
e B3 G b > €S fly st Jad S
bsall a3l o Ol 29008 (5 51 el B &l o
Jlesl &8 K390 sdaliio 395 wyy (W) hlSen o
g9 oloj jl e 1y g2 g paS 4l 5 Slos (St i
g Cosl paiS 5l 508 g2 ) ol Sl Jg cdmd e SRRl i
5 &l yje cdline pd il ol SiS 55 Cud il L
L (1) ohlSen 5 JUil ubis ials g wls 5,Sles
3ozl b g oad cacliae agsbla ¥ OF ;)
On g0 OIS a8 G 4 Jeoo slepasls
ol 35y Vb (S5 58 s > Slas 5 5l aiss
oSl Slagasls 8 Wage IS oedie )
@ Cmlus Gadld 5 ()00 (odid (Sle «5r90 %0
Sacssl omd g GRS lp dagadls cpye (R
L (V4) Ol 5 soiae iblion (2lpS S35 4 Joocto
oMl b g b piy iy Vo 50 (St 4 Jood (b))
sl S 25 S i & oo (slagasls
» oV gl 4 Jol el lulpd 5 0)Sles (1Sl
Ot (Sib il 3l W cwig 4 15l
oSle (g ewin ke (Sige)la (:50ke
Woo W) slacssl 4 bape Jooo jadls 5 (y90 0
IS DR R
4 Cawlue (a3l g (6yg0 50 (ooin (1Sl «Sigoyl


http://dx.doi.org/10.61186/jcb.15.45.46
http://jcb.sanru.ac.ir/article-1-1366-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.61186/jch.15.45.46 |

52 Sl slayd g (6 )la5 e csdazma o0 sl 51 e

¥A foots (oS sloyadlis l ool b gy (Sid il & ooite glacasss) (ool

Oy oloj 0 28K Sygo o)l WS @ Ll
2 by dild 3 Slae dacs S Jauamee cudldy 5 us o
oS! 3 bayles il 2yShos g ods (g pS0jlul &)S

85 )18 5Ske duglie 9 S yo 35 390

Table 1. Name and pedigree of the studied genotypes
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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-
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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-0MH-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
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1 Susceptible stress index SSI = (1-Ysi/Ypi)/Sl, SI =1-(Ys/Yp)

2 Stress tolerance index STI = (Ypi) (Ys)/(Yp)?

3 Mean productivity MP = (Ysi+Ypi)/2

4 Harmonic mean HM=V((2xYpixYs)/(Ypi+Ysi))

5 Geometrical mean productivity GMP = (Ysix Ypi)

6 Drought Index DI = (Ysi(Ysi/Ypi))/Ys

7 Yield stability index YSI = YsilYpi

8 Relative Drought index RDI = (Ysi/Ypi)/ (YS/Y p)

9 Relative Decrease in Yield RDY=100-(Ysi/100 x Ypi)

10 Relative Reduction RR=((Ypi-Ysi)/ Ypi)x100

11 Yield index YI=YsilYs

12 Stress and non-stress production index SNPI = [(NYpitVYsi (VY pi-VY51)]%338 x [\Ypi xVY six VY s] 033
13 Abiotic tolerance index ATI=[(YpilYs)/ (Yp/Ys)] x(NYpixYsi)
14 Stress susceptibility percentage index SSPI = ((Ypi-Ysi)/(2xYp))x100

15 Modified Stress tolerance index 1 MSTI1= KixSTI, Ki=Y?pilY?p

16

Modified Stress tolerance index 2

MSTI2= KoxSTI, Ko=Y%i/Y?%s

17 Tolerance TOL=Yp-Ys
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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, Y1: Yield index, YSI: Yield stability index, Sl: Saline resistance index, ATI: Abiotic tolerance index, SSPI: Stress
sen%l_tl_vlty 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 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 il 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) So 3 o)
0.047 84 (Error) s
23.3 (CV%) i 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 19.5 374 40.9 40.9 40.19 28.6 CV%

A o 09 ) e )3 b me 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

it 4 Jood la ey jlaijl o> adlllas 5)90 glacais) (pSSle dulie ¥ Jo>
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
0437 0,942 0.838 0.424 0,953 0.84T 1.029 0.979 0533 1733 GI
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% 0.8250c 0.825%  (0.5950 1.33%¢ 0.7550 0.538* 1.122%e G4
0.481° 1.035 0,846 04215 0.908>  0.645°  1.12gve 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 0.8570cce 0.553* 1.1530cce G8
see dm omr o smp e s o omm s i G
. 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
LT S0 g SEE wum Gub e g e g
0.44gvccet 0.956° 0.804°c¢ 0.381°c 0.87° 0.66%¢ 1.054°er 0.962cc 0.54 1.gbcce G15
¥ Jois ol

RDY AM RR SNPI SSPI MSTIZ MSTIL ATI DI Genptype

0.723%  0.743% 56,137 1.006®  3L.73" 0.388° 0.616™ 0.326™ 0.428™ GI

0.916° 0.834® 57.geoca 1.084% 35.35 0.641® 1.019° 0.411° 0.4430c G2

1.23° 0.92¢ 70.142 1.103® 54.81° 0.836° 1.909° 0.698° 0.318° G3

8.638322 0.687% 4383(::;e 1.23(73:3 22.315322 8.60%322 0053?3;0 8.5493232 8.588225 84

718 0.79 51.87 1.06 24.34 45 37 234 502 5

0.535% 0.708% 31.88" 1.287° 11.92¢ 0.342% 0.161¢ 0.103¢ 0.728 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°  0.807%x 60.65%° 1.038® 37.36° 0.495° 0.805% 0.407° 0.397°c G10

0.872° 0.817%° 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

0763  0.808@% 54 g3 1062 26820  (.485° 0.434% 0.265°%  (.4720 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 BB ol ko )d S o 50 (5w b 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

b lepadls (Stwen ajos 5l Job mls (0) il
Ol Vs w0 Lulyd o Yo Jsane o)l llyd 5 3,Sdes
s HM MSTl, GMP STI MP elo_jasli o 5 ol
w2 balpd g Jgese ylol bl 5 5 Skes L RDY
Gy L0 Jpd) ctl 32y )b dne (Stsen
Suod W & olbgadls () 5563 claaoy
OB Ogde g OB Lo 9 a3 s 5Sles b (VL
1 stwd odlail BB b jasls cpyiee olesa sl
Sl a3l rycwle Glpea |y boadls ool Gly e

5 035 0l Gl SO (S 4 oo aSl 4 dngi b

P 90l gl 1) ol eIy o 5 il Lelse
oablie ls b il a8 5 odory Caw oyl b
O Sieer Jbd l esliial b cplply el olyen
5 S U g Jseme bl luld o 0 Sles
Suadld plgce (s 4 Cweglie (o5 lapatle
dges bl |y padls o pcalie 5 Jbye |y cuaglie
Slel kalps 93 » 5 a5 sl gl (adls (p Fowlie
Wl (5o gime (Stumor 3, 8Mos b (S A5 g Jgene


http://dx.doi.org/10.61186/jcb.15.45.46
http://jcb.sanru.ac.ir/article-1-1366-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.61186/jch.15.45.46 |

oY

2 Sl slayh g (65 s (shezma g0 scsiul 551 e
VY loe /50 o)l [pma 3l Jlo /2l ool Mol dolising}y

a1y bedly JS luss 5l aop YA/A0 Lol adlie
2 Sdes L) (VL g Cute (Stusen 5 (O Jgi2) 2905
STl MP TOL SSI slayasls 1o 5 Jop balys
HM RR &SSPl MSTI2 MSTI1L ATI GMP
RDI sloasls b oVl 5 o Siusen RDY
b adlie opl YL (Siwed Jdo 4 .cusbDl 4 YSI
3 Slae Jpuily 4l ol & 4l ol (1 Ll 53 3,Slec
5 o )d VF/o¥A adlhe pagd i ()18 L o Ll )
Shgod & (7 Jgi2) 3909 agi |y bodls JS Ol yess
SNPI 5 Y1 (slajasls 5w balyps )0 50,Slee b custo
b oadlse cpl (Swwen Jdo & 50 cdls opl o 0l ol
3 Skae Jpuily ale pb & oo babd o 35k
ol (V JS3) Sl jhbges ad (g l38pl wud balyd
5G12 G11 G10 G9 G3 G2 Gl slacuie; 45 sl
gy )y )3 Jol adhe Hlsges Cute cuowd ,> G13
@ 2 Gl @b bewsy ol & o Gy
clowgs dacdss ol on e ol Glabow
N8 pgd adlie Jhges Cuse Cuewd » G13 4 G2 G3
bbbyl ) cog) aw ool Ol oalply w9
DS Byme w3 g ol bl 9 e YL s Slee
sboslad  bewy) @iy bes gy nl sk
G LCTg) (S0) €95 3929 jl Sb plgee by O
oo A g0l 3l ol mls Ll Sis i w
ol bowisl nycwlie & aade i M b
sbews; o bl e G13 3 G2 G3 ey
bl kalyd 53 3Shes o3V (6l B3 iyl ol
o (S5 5 Ll 3 3,Shae gl 5Vl 5 Jgano
e S5 5 o) cusite olyie s ol ol 13
i) sgatedr (ol claadlye 4 4o 5l (V) SHLI
o5 bl €55 05 puS 3 (Sis 4 Joos slapmsli
Jol addie g3 a8 oy lis g 0,8 eoldtwl ED ey g
Sgasld & baye Sl 51 a0 Wl e
5 oolatwl wilealy olaid] sgs 4 1) (S 4 Joou
Sl gl WM b Jges g el slaadie 4 jo0
buss Ll 3 5 (1) ol Luwgs 3556 5 gl o)

el 485518 4295 3590 (VA) L3

Glel llys o o8 (Sas o pglie pB) (285 L
oS Gl b YL o Sles o blpd 5 (Jsese
Ju sy 58 (V) s 5 (08 5 (VY) ool
old ke (SiE 5 4 Jee g2 lagnY
o ya5ls o mslio lgicas |y STI g MP GMPHM
Lo asld ran 35 (V) oL 5 (alillie 635 (S)e
4 Jood byl lp bpasls (ppcwbe Glyea )
95 (VA) j8b 3 203" (Byme paiS s} ) (St
4 polio slacyY 53,8 Jbye (sl 1, MP gSTI asls
2 (V) OhlSen g (i S 085 o )3 gl > (Sas
Sa900% (sodid (1o (a3LS gl pB)l (g9, 5 adlllan
Ellllas )3 3905 5] ogllas Lasls lyicd; |, GMP
395 slenY 9y » (V7)) 83ld)8 by 43S &)
cpgielio licd; STI g MP HM GMP (sl jasls
(V) ohlSen 5 o ml g iload a8 )5 Jlas )3 nyadls
L S Jood sbpadls Gl Sp bl b
b STIGasls on e (Swer o)l 2 o595
OS5 5k 5 i bl 53 HM gMP GMP (gla_jasLs
ap i (F) ohlKen g odljlad 58 (8158
il Sl > Jad B (Suis S 4 Jeos
5 ol sl pasls 5l oolitel b pyliss 5 4lio) p1iS
s & 8iliS sl 5y9e @ 1) islejl 5 & Jeso
ST|9 GMP MP Libu-yy) Eduds,y aS ob uLM)
Ol O Gl g Cute (Ko (B)b I 5 09 (LS
OB 9 O (g baalyd 93y 50 4l 3 Slas b lapasli
dw &S W) pSaond cplpls (008 sdalie (S
S S 4 Jexd byl lp yeShe padls
5 peilin Sl
kol Ao a4y 4 500
kol (sradlie opiie iz gl ll pslate cul gl
Jloy bulyd cod s Slee 5 Cunglio (slaadli sl »
Sles g dbgrye Sl (5 Jgia) 43,5 edlial w3
Senge Olyss 5l Aoy AF 3gis &S pod o ol adlhe g
P AV JKE) 035 ey WS (0 a1y oy (g
MR pade slaog)S > owiy sl sl
i ol Coglia g 5Ske 5Sike b by & w8
ol o il 2 F st ) USS) el Ol dgiaS


http://dx.doi.org/10.61186/jcb.15.45.46
http://jcb.sanru.ac.ir/article-1-1366-en.html

Table 5. Correlation coefficients among tolerance and susceptibility indices in studied barley g
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enotypes
MP

HM RR SNPI SSPI MSTI2 MSTI1 ATI DI Y1 STI MP TOL RDI YS YP
1 YP
1 0.17 YS
1 -0.22 0.84" SSI
-1 0.22 -0.84"  RDI
1 0.89™ 0.02 0.99™" TOL
1 0.96™ 0.78™ 0.317 0.99” MP
1 0.99™ 0.917" 0.7 0.43" 0.96™ STI
1 0.99” 0.98™ 0.89™" 0.72™ 0.47" 0.95" GMP
1 0.47 0.437 0.31" 0.02 -0.22 1 0.17 Yl
0.22 -0.727 -0.77 -0.78™ -0.89™ -1 0.22 -0.847  YSI
1 0.48™ -0.51™" -0.517" -0.617 -0.797 -0.96™ 0.48" -0.77 DI
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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
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**, ™ Significant in 0.01% and 0.05% respectively
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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
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