|

NTOSTR, et
Uit g
(FYV=FF) IPRF linn) [ o,le 0 yloud f paxiy 059 dwt’? by

30 SS a Joxd b dad o SO 5909990 9 S Teled (S Segr b Wlao (2L 55l
(Triticum aestivum L.) b pusS

Ta0bo pu (grazmo o1 30 9 T (o2 s oy Gy 32 Loy T B0l 8 Al ze MY eyl S

AFIOIYE o pd b AVIEINY sl o &b

oS
5 S «Suigled e me Slao Sl (B n el p (S 4 Jemite Glaceis; alulid Helite 4 GBS
co gl re Galojl 93 50 b palS g Cam b L2l U palS 0 (Sis 4 Joos slagasls 5 Sojgls
3]y 020 DlaBo dsge Zoglas Ho [T aw b Bolas JulS slaSel 7 b LB o Sis s g i e Lol )l
Qo gl b Job b 0,5 Job caliw jo ails slaws Jolds axlllas 550 Slas a8 5 )13 Sl sl 0,90 oliils S
o ol g oz Sy ol s 5 Slos (Syfeln5eb Sy U 5o, el 55088 U 55, ol aalls e 35
5 ok sLie syl oy oSy 5o 0ad (IS ST liee (o Sl (S5 5 D@ Gladidy 5 clile (S
ok Lalyd 90 p0 dils o Slae ulul 5 (S5 @ Jood slogasls wlas pl poopdle sy Sy Ol Jilyy
S97y (S 4 Jood Mol sl p oud aslllas Slacas) G )l e (S £55 45 Bls i gl el aloxe
o2 5Nl (MP) bsgis (5550502 ((YSI) 0 Slas (g 5laly (ol (Y1) 0 ,Shas (a3 ls 5,151 ol bl ol
loeais; (SSh it 4 ol Lasls o (ST Lt & Jass Lasls (TOL) Joss asls (GMP) (5,50 0
O ol 9 Vb (Saed 4 4z b Ll oS glulid (Sis 4 oo glacss) plpie @ 1) Gl b
Cugz b asls cpl (S g5 g i ekl 9oy y0 ails 5 Slee L HMP  STI GMP MP sla o5-Lis
T189.T179.72YRRGP slaiss; « bl ) 5 2i0g canlio Lyl i 50 jo ;0 Yo Slae b slocuisis 4 oliiws
a il glelis Sis 4 Jeie slacwssy olee 4 g lb,m o8, 3 MARAGHEH(1379-80) 914GB
hls abiw Job g (Jokw clic g)lal 5 oo n Sloiome comy iz 990 Dlio (o 5l a5 3l (LAS 55 (Sher il o
a4 Jomio slacaiss QL gl Slie it Olye @ g wog ST (Sis 4y Jod (a3Li b 5358 4k,

u-*Jif 6‘5:-’“ . u] 6‘5:-’“ ‘é..o EY) C,‘.ABLB.A 6Lzua5u “5]91.,..4 Lo ‘5)1..\3.[9: ‘SAJS ‘Slboj‘g

oL.iJLc; (_g)‘b oKiils kS"“'“b @L;"’ 9 ‘_g)')ﬁhi.f OO ul;L».’ C)Lo‘ 9 C;&b} 09; )l;”.)b.w] -\

oliils )57 (g3, oRisls grmbs molie g (65,5l o DULS Mol g caelyj 04,5 ol -Y

oliile,S 0, jw 130 (63,9lieS Dladod duwge Coglre Giowe -V

olisle S (53l olKtsls omns @ilio 5 (55,9LiS o SULS Ol 5 sl 09,8 ol (cuslid I ass gal tils -F
Izarei1l360@yah00.CoHJgius odinsg *




YWAF Gl Ip,lez o lads [poniy 090 /D Olaass

OLKer 5 215

i J o galarer mw Ju b gole Slge
Sl 13 eolitul 890 SiS 4 Jeo g Cu
Joz b Lo o So59d98 00 9 Suiglgn 18 Dlao anlllas
SS90 9 cplly ol g olulid cqa (( Sis
2 O eaiS e oS g slean)ly obxl ol
S oo Ll (oot 25 (25 b ablie gl posS ML
GV i s glalame o aaiS S sliie 4
ol g o Ol & sy e H 4 (heb,
O b s e Sosglen 8 Slao wlol 5 Sis 4 Joos
ST Lelul bl b anglie [0 6 i Sowal

ail sl oglhe ae buld Cov o Slee

(Rahimian and Banaian, 1997

@ Joo Ol G 9 b)) GBS (nl 5l Sue

99 2 50 0,8les bl U palS oyl (Sas

oo Cal gy 9 G5 g 5 (Sask) A5 Ll

2 P Sidpid 9 et «Sjglediee Slao

@ oliws jshaie 4 dadllae )50 slacadssy o See

Sz Jyaren sl QL Gly ol sles
Sy gl gladel o eolaiul

095 9 dlgo

(b oS iy Ve slaws Giolejl ol aLS olge
20 uLﬂ..JL‘?U ;)A )l AW u_‘él.:)\) wy) VY J.QLM;
3951y 5 V=31 ()l o3 99 ol o 4y oltile S 09l s
@l 92ll plyie a4 Clogre o) 5 o wald e 4
o b ol b5 caSal ok B s a5 Wy,
Sigles Slii asyie )0 2l g o Lyl 5o 0,18
3,90 ‘os)lr; cli’i.w‘ (2 6})9w g_:l.a.».a?u A g0
Yol # els caglesl o8 e and)s 18 o)
300 T (ST g e gile Ve bghs alols 4 g0
58S Do Fuwd Sjge dr yh S g mpe S
O (Bl e aian SG) <l 5l ey (S,L ol
ol 50 USE) ab ab S L e clS &b lsie
Lo cov byl g0 o Sladles )5 al> e b yle;
s GBS (g 4830 a4 alye (ol 51 (g cdisgy w0
Gl i Dye 4 0la 3 g S| glaels Jsbo
by Gl U il couw asyie a5 Jbyo il
S Dygo 4 3 5ym sladale ol ais o)Ly
s el

doddlo

ol Lo el; oS it 5 Al oyl puis
10 S ek YOO 5 i o 5 (Arzani, 2004
5 Sl Gl Comex 5l as 0 YO 1 o Lol slae
andlr sl @ e jsba o] oy cunsg
ohg4 WM cely; (Dai and Li, 2004 s,y S
S dewd 3blio ol5,5lis Codlad snes Cowd puiS
Bhlie it orlil Ly 5 s55e Jols |y oler
mo bl cod aulgl a5 JblS elgl (S ans
Q;T)l&wswagmw‘.\)w@
Sl Bble cpl oLS oy St 45 paiS  ailasuslgs
Jole Sz (Kochaki, 2002 oS lay come )
u}’}.am )JL....: 9 ‘m.\..f ..\...]5_» IRVELY Sgdte v 6‘4...7(."
Jez slls el aB,l adg (Ol 0gS el Lis o
Sasly 5l o)l 5o (goe S @ ) YL S
(Sivamaniet al., 2000 ¢l 05,5 bos ol

O SES D dw) 0 el Oladsd o)yl
byls cod Vb o,Slee Jdly 51 (610 0 g oo
ol p sl S by S 5 s eumb
Galans (S25 & Jord b bdye Sojlyrsed olio
Glyp ol oS b )lss (Blum, 1988 .l oo
Aloads Se HllS o S a4 Jeos b))
bl ) e 728 g (3,8es (i) peites b,
S 4 Jood b oS Sojeln il 5 Suislsd ee Dl
s ,Skee (SINgh, 2000 058 oo plxl (W50  Sincor
3 glasals gy a5 cwl Gloduzn Cans i ails oM
o34 5 35 oo )3 il Co Sajslen s (slaplSe
bl cwl sl gpdcdly s s Lyl o
Sl bl b o glgs oo |y ails o, Sles (gl ool
9 Vb s pdycdlyy a5 o Slas 4 atnly Sujsls 52998 )90
G b e o g b o Sles L i S
Blum et ) sls ol38l w5050l b6 o1,
Olayer i3S (i 4 e ‘n@)| C)Lo‘ &l
<< oS o, Sles LQQT dod &5 Cewl Clo paiz
Keim and ) w8 &b s Ll
&S ey Jbe slbslsss (Kronasted, 1981

G sl lFes 1) wal asly Sojgle b ol



\vay ULA-AMA) /ﬁ)LQ’? o Loy [PESERSPN Jode Slagass

Ob paiS jo (Sias oo b s e Slao b))

150

A 65
120

/ \ 55
207 29—~
3 £ - a5 3 0
w E [ ® ~ S
"13 = 7 =
- 35 ~N =
25 A -
% = 60 Fos TG ke Sk «
] Irrigation (mm) a
4 £ | = . 2
o = o TS ey \ %
Temperature (C) \?;) -

0 5

\VYAY-AY JL.: g Qj)‘)...u Ol.i:.m.\.i‘ MJ g.;l.M.?u Ol.i:.m.\.i‘ &AA)JS).AA] )Lb}.o.i -\ JKM:
Figure 1. Ambrothermic diagram for Dryland Agriautal Research Institute, Sararood station durir@}22005
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Table 1. Analysis of variance of measured traigeurdrought stress condition

Mean square le e uSlee

- . a>,0 oo o

sled gl o lye

5o &l olaws

Source of ol S e s S o i e 035 sk &l Sl 0
variation df o Rl Relative No. of Peduncle ~ 1000-grain
Ys o membrane water . g length yield
Yp stability  content 9 SP
)1-)5; ) 2 112168.14° 193428.61F 24.88° 51.36 2.38™ 6.92"s 26.91%
Replication
s 19 270838.7T 265315.48 124.26°5 27.88° 317.61 19.35 111.15
Treatment
&E}l sl 38 48756.81 69705.35 167.40 18.79 45.83 2.86 15.32
rror
(00,9 - 8.26 6.75 25.88 5.13 16.17 17.36 10.66
CV (%)

#% # NS
5 “

Al 9 yan JLo.o‘ G!a.a 5 )‘ow 9 )|$L5..v.a)...¢ A

s " and™: Not-significant and significant at 5% and 1% pabllity levels, respectively.

Table 1. Continued
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Mean square ol e Sl

Ol polie 470° glgum SIS &
Source of o5 s S 50 0
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variation  (f ; Water TR Chloroohvil-aChlorophvil-b 12Nt Spike Leaf wate
Proline - . Jined in Flag leaf areachlorophyll Py PIVID length length potential
content
cut leaves
)|?S’", 2 0.140 5.77" 178746.28° 79.42 33.91¢ 0.363° 55.64" 0.98" 156.65"
Replication
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(2o, - 2455 3.58 17.10 28.87 34.56 496 7.19 13.56
CV (%)

TN g 10 Sl o 5o s cine g o S pf a4 g

* NS
3

ns * and™: Not-significant and significant at 5% and 1% pabbity levels, respectively.
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Table 2. Mean comparisons of the studied genotypdsr drought stress conditions using Duncan'’s test

. - R
c)LoJJ ] M éjﬂ&f 1“‘)*-‘&»:-’“ 28 alcw Sy yS 00l Sr ool @y elas )|
Code Genotye S Bl G o Peduncle  Vater PR Plant height
Ys Yp length retained in Flag leaf area
cut leaves

1 Sabalan/é/..... 2745 37659 11.09cde 91,88 3023¢ 83.9pbcd
2 72YRRGP 282%cde 389 pbede 9.38df  9(Q, 220 3499¢ 77.59%
3 Ogosta/Sefid 2579 34909 10.05def 92.96 2937¢ 84.92bc
4 Bow"s"/GEN... 263 edef 4222 11.82cd  90.8Fvc 3102¢ 83.03bede
5 87Zhong 291 2438 381 feodef 9.0gdefs 85 gcde 2863° 66.15"
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7 IRENA/BAB... 24489 3639f 8.2 86.7@Wcde 2658 62.49
8 T189 3236 409 pbede 7.04gn 90.38b¢ 323g¢ 69.39"
9 T179 3019~ 397@bodef 8.97ef 84.09' 3740 64.88"
10 914GB 297%cd 407gbode 7.7F9 87.4gbcde 3034 75.65¢
11 4848 ..... 293tcde 36945 13.69>  88.7gbcd 3072¢ 86.98°
12 Roshan/..... 2657 4316 8.76"f 91.76¢ 3298« 79.57F0%
13 Maragheh 2536 3693 11.9%pc 81.7F 3499¢ 82.93bcd
14 Maragheh 2725k 397 Zbede 12.35¢ 84.9g% 3550¢ 86.03%
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19 Azar-2 293gcde 435G 15.49 87.18bcde 2993¢ 88.2¢¢
20 Sardari 30438 4028Wbcde 10.209%f 88, 14bcd 4675 75.070
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Means with a similar letter in each column aresgighificantly different using Duncan's test.

Table 2. Continued aolsl =Y Jgo

Lois = o1 gls : o 15 5 0y Al jo ails olaws alow
i JS s ls R 2l Ol b Lss,Is Odan Ol Al e 5 Al jo dils sluws s Jobo

Relative water Proline  1000-grain No. of Spike
Total chlorophyll content Chlorophyll-b content weight  grain.spike' length
1 16.37P< 85.82¢ 3.6 4. 425 33.93 40.89' 9.9 grbod:
2 15.69cd 87.38® 3.920bc 3.5 364 29.33 9.44pcde
3 22.57b 81.74 7.16 5.84pbc 43.07bcd 34.00% 8.66f
4 17.12bcd 80.52 4 95 6.55% 36.73d 37.00¢ 9.7gbcde
5 18.17bcd 92.26 6.20" 4.2@bc 32.0F 43.33de 7.82
6 23.58 80.8(F 6.1 3.29 34.13 57.44% 9.17e
7 15.47P<« 87.63¢ 4.26% 3.47¢ 34.6F 59.33 10.33bc
8 20.280¢ 86.0F° 4.96%c 6.92 38.33bcde 46.44¢de 10.75%
9 15.27pcd 86.31° 2.49c 3.96¢ 26.49 63.33 10.57Abcd
10 12.56 81.07 0.78 4160 38, Jode 27.67 10.60%c
11 16.28¢d 84.86" 4. 760 4.3%bc 37.53cde 37.78¢ 9.27cde
12 13.32d 86.94% 1.80¢ 5.04pbe 32.2°F 44 .66 11.08
13 17.42bc 85.04¢ 2.70¢ 3.87¢ 49,93 37.33ef 10.82
14 21.2% 80.9¢ 5.640 3.5 440 33.22f 11.04
15 16.07pcd 82.6%F 4.87rbe 3.9ge 36.87Fd 35.67ef 9.2@4de
16 15.86%cd 83.48 1.23 4.7Qpbe 43.07pbcd 39.66 10.13pcd
17 17.34bcd 84.72b 2.44¢ 3.84¢ 24.33 55.1Bbc 9.23de
18 15.738c« 87.1G¢ 2.38¢ 4,05 34.Z 46.68° 10.32bc
19 17.9bcd 81.6F 3.32hc 4.71abe 34.# 39.66f 9.5pede
20 17.47bcd 82.5% 4.3@%c 3.83¢ 43.93bc 28.89 9.9grbede

.&)l& QSJ‘& L‘)}o)'i u.aL.ul » Lg)‘osm CajLé.? O B 50 J).......a d);> sS.v L;Ua LgLau.‘ioL..a
Means with a similar letter in each column aresighificantly different using Duncan's test.
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Table 3. Correlation coefficient amontgpasured traits in drought stress conditions

Trait Ch-a Ch-b SL PH PL PC LWP NGPS Ys STI RWC HD DPM CMS WRCL Ch-T GW
Ch-b -0.13 1

SL 0.25 -0.57 1

PH -0.26 0.10 0.12 1

PL -0.07 0.15 0.00 0.69 1

PC -0.29 0.02 0.21 0.48 0.49 1

LWP 0.02 0.17 -0.25 -0.48 -0.44 -0.32 1

NGPS 0.32 -0.24 0.22 -0.75 -0.49 -0.10 0.18 1

Ys -0.47 -0.35 040 0.22 0.23 0’58 -0.28 -0.21 1

STI -0.01 -0.45 047 0.25 0.22 0.62 -0.37 -0.37 0.93 1

RwWC -0.30 -0.08 -0.15 -0.36 -0.23 -0.28 0.25 0.18 0.01 -0.02 1

DH -0.54 -0.05 -0.09 0.23 0.04 0.13 0.06 0.43 0.03 -0.10.120 1

DPM -0.06 -0.12 -02 -0.27 -0.42 -0.40 0.09 -0.11 -0.36 -0.34 0.12 047 1

CMS 0.09 -.01 0.11 0.04 0.40 058 0.27 0.36 0.39 045 0.03 -0.32 -0.63 1

WRCL -0.52 0.25 0.15 0.38 -0.05 0.47 -0.01 -0.27 0.12 0.16 -0.07 0.44 0.08 0.11 1

Ch-T 0.26 0.92 -046 -0.03 0.12 -0.08 0.16 0.03 -0.36 -0.44 -0.22 -0.27-0.14 0.03 -0.03 1

GW 0.10 0.24 0.23 056 0.32 0.17 -0.40 0.09 0.01 -0.37 037 -0.01 -0.090.16 -0.25 0.26 1
FLA 0.38 -0.22 0.22 -0.10 -0.08 -0.16 0.04 -0.13  240. 0.19 -0.23 -0.29 0.09 -0.27 -045-0.06 0.20

WA RPN PUES I SR RPN S I VP

ails 3,Skee Y'S caliiw s ails olaws NGPS o5 &1 ity LWP (g5 slgime PCialis 0,5 Jsb PL gy glis ) PH il Jsb SL b sy 15 Ch-b @ sy 15 Ch-a ) wile le ondy (s pu5o3ll lio o
w0y s 5 0 ead (5 eSS ol ;yle WRCL (Folw slag gl CMS 5990 5 Sy B 53, 0laas DPM ( 2ulS b 35, oloas DH 5y s ST l50e RWC . 55 a Joss sasla STl o bylys cos

oz p S p ool FLA &ils o 59 GW JS Jedo S lhae Ch-T
" and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
T: Ch-a, chlorophyll-a; Ch-b, chlorophyll-b; SL, kpilength; PH, plant height; PL, paeduncle leng@; proline content; LWP, leaf water potential; N@8mber of grain per
spike; Ys, grain yield under drought stress; Syitess tolerance index; RWC, relative water contBid; days to heading; DPM, days to physiologicaturity; CMS, cell
membrane stability; WRCL, water retained in cuvkssg Ch-T, total chlorophyll; GW, 1000-grain yiell; A, flag leaf area.
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Figure 2. Grouping the genotypes using STI
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Figure 3. Grouping the genotypes using GMP
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Figure 4 Grouping the genotypes based on first and secdndipal components. The name of genotypes
are shown in Table 2.
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Table 4. Correlation coafficientamong drought tafere indices

r:g; Ys STI HAM MP SSI TOL GMP Yp YSI
STI 0.93" 1

HMP 0.95" 0.99" 1

MP 0.86" 0.97" 0.97" 1

SSl 0.7 -0.47 -0.57 -0.31 1

TOL -0.75°  -0.49 -0.53 -0.33  0.98 1

GMP 0.91" 0.98" 0.99" 0.99" -0.41 -0.44 1

Yp 0.48 0.74" 0.7 0.86" 0.21 0.18 0.79 1

YSI 0.74 0.4€ 0.5C 0.3C -1.0C" -0.9¢" 0.41 -0.21 1
Y| 1.0C” 0.97" 0.95" 0.8€"  -0.74"  -0.7¢"  0.91" 0.4€ 0.75"

TN gD Jlaim e jo s pae i 4 g "
TOL (5 & ol (231 SSlio Shoe (5:5kea MP i Sige o :Siloe HMP 5 Lyl o 3 Shee YS 5 il lee o als

SSlee asls Y1 o Slae g)luly el YSI (i fga bl s con 8 Shee YP (owiin .Silie GMP  Joss a5l
" and™: Significant at 5% and 1% probability levels, resfively.
. Ys, yield under stress condition; HMP,harmonicameproductivity ; MP, mean productivity; SSI, sges
susceptibility index; TOL, tolerance index; GMP,ogeetric mean productivity; Yp, yield under non-sge
condition; YSI, yield stability index; Y, yield ohex.
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Table 5. First and second principal componentsifought tolerance stices

F i a4 Jood slagasls ol slaailgs
Drought tolerance indicés Principal components
1 2
Yp 0.669 0.742
Ys 0.974 -0.222
MP 0.954 0.299
GMP 0.982 0.185
HMP 0.996 0.083
STI 0.986 0.119
SSI -0.578 0.813
TOL -0.600 0.749

Sk GMP o Slhee Sk MP (5 Laylys cow o,Slee YS (25 oo bl cow 9 ,Skee YP 35 Wil L o asls
ez s TOL (o5 4 ol als SSI it 4 Joow asls ST Sge o .55k HMP ( cwsia
*: Yp, yield under non-stress condition; Ys, yieldder stress condition; MP, mean productivity; GMP,

geometric mean productivity; HMP, harmonic meandpiativity; STI, stress tolerance index; SSI, stress
susceptibility index; TOL, tolerance index; YSleld stability index; YI, yield index.
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Abstract

This research was carried out to identify droughgrant genotypes on the basis of physiological,
phonological and morphological traits and droughérance indices in bread wheat. Twenty wheat
genotypes were assessed in two field experimerssdoan randomized complete block design with
three replications under non-stress and drougbsstconditions in Dryland Agricultural Research
Sub-Institute, Sararood, Kermanshah. The studigits tovere number of grains per spike, peduncle
length, spike length, plant height, 1000-grain Wwegiglays to heading, days to physiological maturity
grain yield, flag leaf area, relative water contemtb and total chlorophyll, proline content, wate
retained in cut leaves, cell membrane stability lmad water potential. Futhermore, drought toleeanc
indices based on grain yield under stress and treessconditions were also evaluated. The results
showed that there is significant genetic variatomong the studied genotypes for improving drought
tolerance. Results of the yield index (YI), yielolerance index (YTI), mean productivity (MP),
geometric mean productivity (GMP), tolerance in€®L), stability tolerance index (STI) and stress
susceptibility index (SSI) identified relativelyngsiiar genotypes as the drought tolerant genotymets,
according to the high and significant correlatie@efficients among MP, GMP, HMP and STI indices
with grain yield under both stress and non-stresslitions, these indices were suitable to ideritiy
high yielding genotypes under both conditions. Adatg to these indices, the genotypes 72YRRGP,
T179, T189, 914GB, MARAGHEH(1379-80) and Sardarireveletected as the drought tolerant
genotypes. Correlation coefficient analysis alseeated that among the evaluated traits, proline
content of flag leaf, cell membrane stability apiks length had the stronger relationship withsstre
tolerance index (STI) and are introduced as thet imygortant traits for selecting drought tolerant
genotypes in this research.
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