VAR el g 5l (gl oylous cpgo wler [ s bl jo (£ly) pole Olidixd

S s Ll 3l ool b oy Juad &1 oloS Wi & Josie (U oS suwioij daw lio
oW Joodi

%\‘ﬂﬂ uoﬂ& Saod> “wi)};m c‘.!)oj‘? 4.)‘..\.5& “‘;wl.?.c U‘f?‘" ‘*‘;11.\5) V7 c\‘_gé.ﬁ.c sj)i

ul).'l sA.CI).a cd&l).o wa)lb ‘d))BL.S bJS.uulb ‘Lmes t_§.a.u)‘ 9 ,\.Jy L;\.:.,\...Q(o °3)§ -\
Ol eag)l (ot o3l il (b @lio g 65)5laS Clisios 55 o -Y

Hatamimaleki@maragheh.ac.ir a5l Jstue

DOI: 10.22034/csrar.2020.119078 WWAYV/-A/4Y s o WAV Y il gyl

LXVOES

K2 5 2bboe olpl Al | Sttt dad 5 Sas bl ;0 paiS oy eaiiSagame Jalse o Fpge 5l 0y b ST SIS i
5 4 ajaly S oS T iy VD STy i ol 3 el 5 Lyl b Jaeie 81 yn o1 L abli S,
o 1o &0ty ol oo (SloSsss 8,5 5 g Sy3m 5 & Ja sl ooliinl b a, b T 1S
a5 gl 5 i) VTR0 Lo o 5 0 50 15 a by ol oS (slocSol b B o 5 5 Jlojs sl Ll
baaisi aSiles amliio 091 2l (15 & Joowi slaaslss (ool s axlllans go (sloeadni§ o (S35 €95 95779 S0k (il
s Mihan  lacsg; a5 ob plas Jeod slegadls 5 5 G5 9 Jby kb 0 oSlee )
Sib ady Juad BT D168 p byls o cisS glp el slacuissy awles o Nwaul5/Attila//Shark/F4105W2.1
ardllaosgo sloaslis oy ol 18 Time 09,8 ¥ o 1) Ll caalllandyso Jo (sloaslis (oll yr lagedsil (gines S
G 6l et ls ot e s Shae b o tne Siaad oosls alalsas SST 5 YSI STI GMP glay s L

g Zarrin  slacigy a5 ol lis gomdw ol mls wian olebs Jad 31 g5 a4 Jese pB)
G5 9 5 b Lyl o 0 Shas 5V (glls SSI 5 ST .GMP (gla sl L 51 Nwaul 5/Attila//Shark/F4105W2.1

igh 8,8 IS o, Jad S susb, (i Ll pd )0 il e 5 (A 09)5) 03

ol puiF 3 Slas SSI Lasls STI jasls GMP _asls : guuls elols

08 el a3 S 13 oolaiul 0y50 picne Jawg aoee
3,5 slgaias |y STI) o5 & Jz a3l (Fernandez, 1992)
wles ST (W polie 5 00 dolone olS 5,Shoe old oS
Rosielle and ) ylion g 3, ol (25 45 olS Cnglite il
oa3Ls g (TOL) o5 Lasls 355 oy ,o (Hamblin, 1981
i TOL sl oS wisges Byee |, (MP) Lassie (5,500
Lalys 5 5 0ehes MP 5 amo L5 50 40 o 5 Slos
olS ol ailad TOL Jlude (j0g) ol el i pie g (il
535 oo plodl TOL S 0lie slce bl Ll 5 59y 25 &
DL Ty 5 4y o MP (05 b5 5 ] Jlo 3
Hee o 6,50 a3l (Fernandez, 1992) a8 X0
dges Slgiian 1) (GMP) (5590500 (owiid (:Sileo
o>l 3o (Fischer and Maurer, 1978) il 4 a8
olS o Sloe )] )5 a5 Wisged (Byme |, (SSD) i & Conles
ol 2 5 D08 (s 9 (5503l (25 g gllae Ll o
e 5y ogllas Lalih s e oSlee (i

EPXER)

B 2o anngi oo (sl j92S ) (6 am wislon ol j9S
lacme; ;0 O oy rall 4 e a5 0l I8 (S
S S gy (Trethowan ef al., 2002) col ool  <l);
b by ol g 5 Sk Olie 009 52U 5l Sl s
Si0-) 33,5 ol o0 (1,5 lalS o Shae oS L oS (5,8 4 £
Gble jo a5 s o olis aales (Se Mardeh et al., 2006
oolS g lae O o am o ol Lo 4 Sisded g Sl
O8las azes )0 g aidl nalS alls udy (Sl Cugby 0,53
(Sio-se Mardeh et al., 2008) sl o ialS e ails

gdaw op s OME o (Triticum aestivum) o paiS
&S ol s ) (oolaBl Coenl g andls Lis o 1) cuiS p;
2B 8 Sl e o ol 4 pshatens SsSUsS (gle S,
o dy (S &y e 55V Joz5 b g Jyammay o)) 4z
skl sl asls (Trethowan and Reynolds, 2007) o]

Gl i 4 Cand oy DYgame STy b5 6l gouxie



RUL O PPrEvS

A

5 okS (S 0y90 ST 6 JalS gylol ol gylol slojlos
g oy aloye B oS (aalS Al s ol ol (rimen
Glains, o alold clS s, £ el gujeyia ¥ otilesl 08
ails o Sloe 09 &3 y0 50 0 digy FO+ 1 ST5 L w50 720 il Vo cllS
Cuagllio oS (sl Sl 5 305 drlomo SR 10 S 5LS
S5 5 (YP) osllae (sl by 3 o ke Sl anlicd b St
29 8 dsuloe 3 755 4 (YS) Ay had B 45‘—‘05

MP) Lo g0 a5l o (TOL) Jass asls
.(Rosielle, 1981)

TOL=Y,6-Y, (V) dolxe

Yp + Y\'
2

MP (V) dolxo

Fischer and Maurer, ) (SSI) _i5 4 cowlas a3l

.(1978
(24)
Yp
s1=1-| L () doles
YP

als o Slee Q,.i;l..ﬂ YS (RS DD SI Joe,® O:’.l 5

i e Yoo »
Lo o lacassy o Sles Sl 7P g it Lasme ;0 lacodsi)

Joz5 a3l 5 (GMP) (50,0 (it (Sl (3L
(Fernandez, 1992) (STI) 5

GMP = [T )T,) (®) aslxa
WY #) dolxo
s77 = EXED ) s
(I
(Azizi-chakherchaman et al., 2008) (HM) Sige o . Klo
2(Y, . F,)
HM= # (V) dolae

XD s8le 3ls 5 (YSD o 8ke g)lul ozl
(Bouslama and Schapaugh, 1984)

YS
YSI= (A) dolzo
p
YS
YI=— Q) dolxo
YS

o Slos 18 Sl yss 5| Sl SSI S polio (alis (pl 0005 0
Ceoglie domis 1o g s pae Lal i b aslie jo i Lyl 3 ool S
OSer 5 (g0 ) Jawgs 1,51 a5 glaslllas jo .l LS i
5 S 4 Jos b)) jskaieas (Zabarjadi ef al., 2013)
S5 4 o sla sl oot b 58 S sloniss
slogasls 5 (i g 25 Lalpd o 0 Shos (e 285 ploxl
Ll rizmod 03 sl (gl sine (Siran (K23 &y Jod
29058 5eSbe «(STD (25 oo sl aslis oS Wisgad ()55
@bt gy GMP) (500000 (owiin (Ske 5 (MP)
(A A g g G5 Ly 93 0 0 Vb o Slee b olacas
il Glocay STL a3ls byl o 10 9 00g caslio
STy byl sobireas (6500 adlllas (rizmen b e 3 LE
O 4y Joow sla jamlis sleslanal b b suuS alises slocoies;
enSils 5 0 dpalone (Gl atls o o) 4o a5 s ool St
5 2l Cawd 4 (6l dire (e w20 5 ol Ll 0 0 Slee
oS Jut Gy ele Giicwle (g STL (3lo
WS GBS e s G ka0 lacds
, (Bakhshayeshi Geshlagh and Shekarchezade, 2015)
M5 G g i lalpd o (b pasS gy Yo s (slaalllas
Joie (cloisiy ololids cgz GMP o STI el sl b
Nourmand ez al., ) sais ools (aseis culn (S 23 4
s il 5 puS Ciliee slacigs Gialej] (aizeen (2001
a3l 5 ol ol s, b sl g i 5 5
0Sle a3 ls 9 (MP) (590 0 (i Xle (a2l (STD (25
blid Gl culie lagals (GMP) (50000 (wnin
(S A g g A5 Ly 93 8 o Vo Shee b oy
SIes g obl 5 (Gravandi et al, 2010) sciwe
pAS Jsazas p sy asdllae b 5. (Golabadi et al., 2006)
ool e sieas |, MPy STEL.GMP (el oL oog 90
San b Bedod opl oged (e (A5 (g 9 G5 Lalpd o
A5 Lls 4 o el iz pB)l 5 lacasss) (2STy (o)
Lulyd o 3o Jotio laceis (s 5 03 Jabd 51 oS

O PRV RS

L ygy g 3190
o9 Jug g b paS i Glacsgy (bl slaiea
@l s 10wy Jab ST oS e Cglie Sl 5l ag |
G)ahiS Dlandios S jo (Sliadiod deyie 0 (V Jgoz) (b paS
=y Jbo 3 (8 ol bl Olgaibe (b g 53 @dly
NCRRR TR SNSRI SRVETR SN DI RSRY LU Y 2V
Gl Ll ot il &gty _dslas el slaSel )b
Gedos cpl o el cusS an) Jab ST oS g Jleys



Yo

ey (S G5 4 Jommie 3 pasS (s 955 dum o

b3l 55 oo ool (b P sl 975 (ool —) Jguir

Table 1- Pedigree of bread wheat genotypes used in the experiment
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Genotype Genotype no.
Oroum 1
Zareh 2
Mihan 3
Zarrin 4
Peshgam 5
Fln/Acc//Ana/3/Pew"s"/4/F12.71/Coc//Cno79*2/5/MV 17 6
Lufer-1/Kinaci97 7
Nwaul5/Attila//Shark/F4105W2.1 8
Mnch/Attila//Tam 400/3/N87V106/2180 (Ok97401) 9
Ji5418/Maras//Shark/F4105W2.1 10
Lufer-1/Zemogradka8 11
Eryt 1554.90/MV 17 12
Passarinho//Vee/Nac 13
Pyn/Bau/3/Kauz//Kauz/Star 14
Spn/Mcd//Cama/3/Nzr/4/Ald"s"/Snb"s"*2/5/Opata*2/Wulp 15
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Table 2- Analysis of variance for drought tolerance indices in bread wheat genotypes

(Mean of Squares) &la o Sl

bl slas w555 A ol
Erorr Genotypes Replication Indices
DF=28 DF= 14 DF=2
571574.8879 2041346.327** 2714072.356* Yp
276788.8907 502614.8116™ 2517496.53%* Ys
608083.516 2573631.622%* 456921.9712"™ TOL
272160.82 628575.44* 2501554.8** MP
275935.43 511756.25™ 2833374.2%* GMP
0.0088165 0.0323032%* 0.0209356™ YSI
304462.98 492474.58™ 3115415.8%* HM
0.0209598 0.0381613™ 0.1908289** YI
0.0160813 0.0306984" 0.1658956** STI
0.0506481 0.1872629%* 0.1083267™ SSI
030 ) g oy O Jloisl gdaws 50 5l G20 9 IO R0 puf o § Ay ik g s S

ns,* and **: non- significant, significant at 5% and 1% levels of probability, respectively.
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Table 3- Mean comparison among studied genotypes based on drought tolerance indices and seed yield under drought and stress

G5 3 G 390 Ll 5 410 3 Slae 5 (S &1 Joxi SUB 5L S5 1 s (eilon - Sy

conditions

-1 -1 i 985 0 5led

SSI STI YI HM YSI GMP MP TOL Ys (kgha)  Yp (kgha™)
Genotype no.

0.67 044 097 4075.71 0.72  4130.34  4185.76 1343.75 3513.89 4857.64 1
094 0.63 1.06 478577 0.61 4935.02 5089.24  2467.36 3855.56 6322.92 2
047 058 1.15 464741 0.80  4675.35 4703.47 1023.61 4191.67 5215.28 3
1.05 074 1.11 512588  0.57  5341.38 5567.36 3087.50 4023.61 7111.11 4
092 053 098 439503 0.62 4527.64  4664.83 2208.54 3560.56 5769.10 5
0.79 0.52 1.00 4378.07 0.67 4479.15 4582.99 1882.64 3641.67 552431 6
136 0.58 0.86 431834 044  4719.22 5169.79  4084.03 3127.78 7211.81 7
1.06  0.77 1.12  5224.17 056  5454.02 5695.83 3219.44 4086.11 7305.56 8
1.06  0.60 0.99 4565.61 0.56  4759.74  4963.54  2760.42 3583.33 6343.75 9
1.07  0.58 096 4454.10 0.56 4658.66  4874.31 2793.06 3477.78 6270.83 10
142 058 0.83 424126 041  4709.93 5248.61 4475.00 3011.11 7486.11 11
1.13 051 0.89 417481 0.53 439042  4620.83 2786.11 3227.78 6013.89 12
0.68  0.71 1.20 510752 0.72  5216.84 5329.86 1965.28 4347.22 6312.50 13
091 041 086 382424 0.62 3962.35 4110.42 1959.72 3130.56 5090.28 14
1.01 0.63 1.03 473523 0.58 4914.33 510035 2722.92 3738.89 6461.81 15
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Figure 1- Dendrogram of cluster analysis of bread wheat genotypes using UPGMA method

G 3 G5 gt Bl 59 10 3 St b (S 43 Jo o L (Rimsed -F Jpax
Table 4- Correlation between drought tolerance indices with grain yield under normal and stress conditions

SSI STI YI HM YSI GMP MP TOL Ys Yp oSl
Index
1 Yp
1 -0.015™ Ys
1 -0.455m™ 0.897" TOL
1 0.605" 0.434™ 0.895™ MP
0.957" 0.354™ 0.669" 0.730"™ GMP
1 -0.146™ -0.408™ -0.963™ 0.634" -0.767" YSI
1 0.123™ 0.959™ 0.835™ 0.079™ 0.845™ 0.508™ HM
1 0.845™ 0.634" 0.669™ 0.434™ -0.455™ 1.000™ -0.015™ YI
1 0.679" 0.961" -0.132m 0.999" 0.952" 0.341™ 0.679" 0.720" STI
1 0.132™ -0.634" -0.123™ -1.000™ 0.146™ 0.408™ 0.963"™ -0.634" 0.767" SSI
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Figure 2- Selection of genotypes tolerant to late growth stage water deficit using drought tolerance indices
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Abstract

Water deficit stress in the late growth stage is one of the limitation factor of wheat production in arid
and semi-arid regions such as Iran and introduction of stress tolerant varieties is one the strategies
that conquer to it. In this research, the reaction of 15 bread wheat genotypes against to water deficit
stress at the late growth stage were inspected using stress tolerance indices. Hence, bread wheat
genotypes were studied in both normal and stress states separately using randomized complete block
design with three replications in farm condition. Analysis of variance revealed significant differences
among studied genotypes based on tolerance indices. Mean comparison manifested that genotypes 3
and 8 could consider as suitable genotypes for water deficit stress at the late growth stage.
Classification of genotypes based on studied tolerance indices located them into three groups. Among
studied indices, GMP, STI, YSI and SSI were identified as suitable indices in selection of tolerant
genotypes for water deficit stress at the late growth stage because they possessed significant relation
with environmental yields. Results of triangle plots showed that genotypes 3 and 8 have the highest
seed yield in both stress and non-stress conditions based on GMP, STI and SSI indices (Group A)
and could effectively use in water stress state in the late growth stage.
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