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3- Stress Susceptibility Index

4- Stress Tolerance Index

5- Geometric Mean Productivity

6- Harmonic Index

7- Relative Drought Index

8- Yield Stability Index

9- Yield Index

10- Drought Index

11- Modified Stress Tolerance Index
12- Abiotic Tolerance Index

13- Stress Susceptibility Percentage Index
14- Stress non-stress Production Index
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1- Tolerance Index
2- Mean Productivity
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1- Tolerance
2- VIF
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Table 1- Name of evaluated wheat genotypes under late season drought stress
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1- Principal Components Analysis
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Figure 1- Average daily temperature and precipitation in 2010-2011 in research station of college of Aburaihan-University of
Tehran
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Table 2- Fitness of the best multivariate regression model using stepwise regression in terms of grain yield as dependent
character and other evaluated traits as independent characters in wheat genotypes in normal irrigated condition
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Imported trait ;
weight
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Mean of 30.95 0.50 16.90 0.43 11.70 0.41
square
F value 61.5** 38.5%* 28.3**
C“mg'za“"e 0.624 0.681 0.708
Reg. 0.007 0.053 0.237
coefficient
Standard 0.00 0.019 0.133
error
tolerance 0.98 0.99 0.97
VIF 1.01 1 1.02

RIS W Sloese

70 Jloss! daw 3 I gine

7Y Jleisl a5 )l gme

** significant in 0.01 probability, * significant in 0.05 probability intercept: -2.84
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Table 3- Fitness of the best multivariate regression model using stepwise regression in terms of grain yield as dependent
character and other evaluated traits as independent characters in wheat genotypes in normal irrigated condition
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Mean of square
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Cumulative R? 0.362 0.610 0.640
Reg. coefficient 0.003 1.76 0.172
Standard error 0.001 0.379 0.101
tolerance 0.57 0.96 0.57
VIF 1.72 1.04 1.73
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** significant in 0.01 probability, * significant in 0.05 probability intercept: -2.01

yie L plodoe |y Loy cnl 3 3 8as el (992 (b
A Cod Sglite (1STy iz 5 Lol 5 0, Shas szl 0y
s gy e bal b
o Cplus il ySa s S SSI Jadls (eoas jlade a0
el i oy GRS A g s Jad 5 a8 G5
3pSes o o5 (s i llpd 53 0 Sles 8 S)led,
o s ol sl ojluil lon & bl (U5 ) Sl
0l g dag Ly Giagl (nl 3 (V) 292 dalgs ST (Suis
o) ¥y S S g 68T N lie ¢l slacss SSI
Doy o5 slacss) 9 padls ool Gl e p e Gl
ool idg 2V (55 4 Cales B3 56 5 (6398 <o)
935 4o byrye iy Jooo gl 13 35 TOL Jooo jadls
e a2y cyizren ABL Iy 0 (6 5SeeS paSLS Sl & Cul
A ) e Combus oximdplis asl 55,5 SSPI jasls
SBes S (o) 2090 Slocip om 3 & (V) Ml e (St
oolol PSS g o)l 39y o) e gale N Glae Gl
2935 9 30«28 Slacig] 5 (npSpslie a3l 93
9 3Y) pliise 5 aliiel 4 .abl o eadg§ 5 ol
2l oglhas byl b cood ol 5 Slas b iy S5 (VO
So plyisa Slon B a8 g (098 3 Sles j dslus oS Ll
Bly 295 8,5 Ji5 55 (St 5 Ll (sl cunlin 3
Ll ) )3 3y Sdas (392 Y 1 Logyl lappadlis cnl (39 ol
o g oo <l 2lacuis) 1j (VY) )l <Y LT L cwlie

Olyasd o )0 FF 5l i Jie 50 00 3)lg jusie ¥ g goomo )
O ol (S kil o |y Laeaigs 5, Slos (g 39290
048 s Jool Glis lgisdy Jlgs o Olao (pl 11 055505
DS )8 an g 050 i kalpd 53 aw daly 53 il 3 Sles
it S b ] K3l yse Slio (1) eBS 5 05
2 08es 35000 53 S5e Slao |y 4l jl5m (459 5 aliw 5 4l 15
W3S (e (Suid A5 Ll

A o glie slagaald jualis Hlad §f Lacud 93 dewslio
dala oSl () plid
clisee sla yadli o Sid 4 oot plB)l  Slulis jolaied
sk 5 baalyd )3 pB)l 3 Slos ululy (Suid (35 4 by
aS ol L gl 00,8 Al (YP) Jgeme 5kl 4 (YS)
oadls SO bwy ugby il 4 Jezie slacade) oleld
o=l ol (VY Jsds) dad o Cunddy pddss g ds SleMb] sy
ash o Slas oy s Collas Ls)l'.‘.'.’T oo jd a5 ol lis i)
(829 b (@] Gl slacips 4 by iy S
o ieS Ll g cdangS (515 Glacasss] 9 391 (o g aled
byl by a0 jolansl sgsa Jloyg byl (o 1) 4l 5 Slas
Oy (b g e O ol glacsg (o b) (A5
CdingS g dnug () ST5 glacass) o 4l 3, Slas Jeuily
L YL (Y Jaas) acils 1) HiSa 5o aily 5,Sloe 4 28 o iy



VAP 5l o oyledd MYl oyl Sy Glipgy 4 pits  OYe

523 bl 3 Lagad s g Lo 935 (1 i el
ol gladdd s g (Siuusan

Slgien 3)8es g (Suid 4 Joou Sloadld o (Siasen
Lo jasls o laquisiy cpye bl lp cuslio (g)las s
9 O bl 93 ym 3 a8 olaadls (JSyebay 39 54,
e s dn 28l 0 e b (oYl (Sten (gl i
28k ple (Ko @5 (1) Bgdoo (Syme badlid
Gl oads a3 T Jodn )0 00 duslre (gl 2t li g Lo o0
9o 00 b (e sl padls Ll aSul 5l a5 ca ioren
oo 4 en Doy 5 sl IA 095 o) S5 4y 08
lad die 4 o0 51 1 bl o (gdn dw g (gdn 80 (sla g0l
O A Joeod slapad L (i bally) jly e Cue ol
9 Cuto (Shsa 135 02latul () )90 Saii] 9 (St
SSPI 5 TOL SSI (sla sl oy doyd S gedaus )3 3 sine
09,5 33 ey B 08 sl du ) & a3 e LS
23 Ses (Sier 4S04 oy b )b baguis) SS&
L g sl ine 8 SSPI g TOL [asls b (Sis i by
Lo el opl jieS polie g 0l oo 45 dme 9 (sdie SSI Lasls
S92y bl (St S llyd 4 pile Jeod eamy L
ssbilon (¥ Jsu2) Cusl azgi BB Ll o YU g Cute (Stson
Gt (Glsy (S (3 e 3948 00 0d0lia ¥ Jgi2 )3 o5
SYSI) 5 (SSPI sTOL) (YS 5 Y1) slapmsloss olse (V)
Ol (V) (e g5y (Stused oyt il 352 (RDI
YSI 5 RDI sln st L (SSI) i 4o Combas asls
(¥ Jods) i osalin

OB g 9 U5 lalyd o) o Sles g (Siren
Ol 3 300 LS 45 390 3 gime 10> S a5 9 e
3 ySdes Sty oglae Ll )3 4 placuig] 251 Guios
YL 2 Slos 5l 5 ugh) cadgione Lulpd po amdly (5L
5 (1) ohlseon g (ool 5 Jlai 3815 aoms cnl civgs Jl3)55
ol glaadlie & a8 @l il e (V) ol)Sen 5 ,80L358
4SS Jol ddlie 50 IS jobay .l ond o3y L5 O Jgdn 43 5
adie 90 ol us olswl wish 1) K 5l 55,5 o polde
SY o) il g e Joli |y JS oMbl j1 a3 QA 51 Lt
9 e oyt b adlie (ol 08 agi |y JS Ol a0y
o adls slp b dmepe colps SSI [adls gl jb gxe
2w sy s ins 5 Ceita culyi s ATI 4, SSPI . TOL
(0 Jgaz) wilion 25 5 Jgone Laalpd )33 Shoe 53 g sl

Lol il o (S (il 4 Cd Gl Hlas Calus ()l
plde 4 2L ke (gl (YA) 85l 30 b 5ySdas Juusly
5 0ol slacig] 48 d9d e pasudie (V Jgia) lapadls
Jdods & iloss aslis Jooio asld dw oyl bwg a5 25
o3 ol e 2 By oS (5 Ly 5 e 5,Shes g8
Jeztio pL3)| lgisds la adlis oyl bwgs o, Slos Olyuss duo s
L3> (s3glgn b (5] s ¢ 5 & Cunglie )9S S lgiscay
o 4 Jeo5 9 (SSPI) i 4 comlus 1o )3 ((SSI) i o
by 1 ol Cud dn 3, Sles b 0B, 1558 el (TOL)
5 pide ()35 L Gillae (ool Bl iz oS 003)5 (o0 25 )
Eallasls ely; y a5l el 5y, Slee cde ay (YY) ool ool
RV g

Sb sl YL GMP § STI (lajadls (goae jlide ax y»
9 32 3 iy ol i 5y Slas iy § (5 4 Joos ||
352 slapad i (pwlwly g piogin (ol ) il bl
slocsgs o Jeto @l g (b ) (lio ity clacei)
Candds ol 4 a9 b .oy wlas 095 g b)) ccudbamgS w315
LY );.) Harm 9 MP Lgl.mu»l.w u»lml)) U:l;wl Lgl.mwy) c..\p]
039y Gl Ly 398 sl pasls b YU sy (Siusod s
GMP slajadli 45 555, 5155 (YY) o, e 5 (sdume
leyadls olwly )l lase o3y 13 SO,I5 Sid 4 polio
(RDI) Sis ay i J—o50 4 (YSI) 5, Shee (gl
L ojlae o9y oS S g 8T plie (i oSy
(25 SLaedg) 9 (nidesdie basls cnl sl YL plie
W ld (i o Lacess] on Sl (939568 5 9515 g
3 S SNPL s DY glajaslis gly YL polde us
dw ol elwly b o (S iS5 & i) il Canglie
SrS1 g (b Ol ) Gl lacais) Gl e pasls
My o5 4 Joos Jihs ng 9 0515 o] 9 (n oot
) ooll 95U ojbiin slacase; AT Lasls sl oLis 36
DS oo (Bye (i Jeiepd ) CbingS gl g (et
5 b ) lre oy K2STI oasls eloly 9V 4l
olys (VW) ohlen 5 ,83L858 it s} cn ¥ Joocio iy
el gl ot L dles )l K2STI 9 K1STI sl asls 6,8
Bl e pAS )3 (S 4 Jooxte sl JUye sl



330 ek G 4 Jed 23!

<

ta .

piS Sroaie] 5l

oy

oy uBIs-uou su Afiqeqoid o' Ul IUBIYIUGIS  “KitjIqeqoid [ (70 UL UBYIUBLS 44

waee e[l o owp2 ey e o oo e gy su 3 el

[ P60 1LSTY

1 680 ,TL0  1LSIM

I LELO L €p0 su 1LV

I .80 80  su su 1dSS

I LLF0- Su yS0 #8090 Id

I LS80 180~ L SP0-  su IS0 ,¥L0  ISA

I 690 ,T60 su su 6L0 L L60 860 1A

I 690 .1 80 180~ ,S¥0- su IS0 b0 Q¥
I V0,960 PO ,T80  su o _y0 160 660 760 WYVH

1 860  9€0 ,T60 9€0 ,pLO  Su 950 960 ,L60 ,L[80 IS

I L .860  9¢0  _T60 9€0 . pL0O  Su 950 960 ,L60 L80 dAD

1,860 ,80 ,b60  Su  p80 Su €90 Su 990 ,660 ,£60 80 dN

_ su su su su 180~ su 180~ ,L¥O- 1  ,L80 8€0  Su su 0L

[ 180 su  9€0- 9¢€0- ,LFO- . 1- ,S§90- 1- ,980- 180 ,SKO  su IS0~ L0~ ISS

I ,§90- su 80 ,T60 ,T60 ,90 _§90 .1 _S90 ,T60  su su  6L0 ,L60 ,860  SA
#2190 su 190 .T60 _S80 _S80 80 su 190 su  Z€0 190 880 _S60  SL0 TS0  dA

SA ISS 10L dW _dWD ILS WAVH 104 IA __ ISA IO 1dSS  ILV _ LLSIM LLSZM  I1dNS

{b vt (€ g€ oS ool o € ol e o o[ [0 (6D o) € o (g

SUOIIPUOD $S2.1)S 12JEAL PUE ([ELLIOU) PAJESLLIT U P[OIA Pads PUE 221Ul 29UEII[0) JYSNO.IP JO SULID) Ul SHUEI 2dA)0UIS BUOWIE SJUIIJA0D UONE[RLI0D uvwawads - I[qe ]
<06 3- o [P o™ (K oD JO (e



VAP 5l o o)ledd MYl oyl £ly5 LRy 4 pis  OYY

53 SMos Jeuily adlhe pLs a1 Jol addie ol oo 4oy P
L placss) wiluba 4 B &858 o)l i 4 Joos
(0 Jgiz) 3 Lo Siwwad golis .Cuwl balyd 95 j0 YU 3 Slos zé 4 o
P ash oy Shes lo )b xe g Cuto (598 dlayly Do odiad i g |[*
D1 Y1 Harm STI GMP MP (cla asli | Lams g5 yo i
l_g ‘) Cio M/" » u),.a_awuu Laodly u».o))JLA )0 J_g ul)u.u =
2
5SSPI TOL SSI (Lo jasls 3 5 wsllas byl s 5,Sks
Y A Cauwlues 4 dlse o 4 pod adlie gy opl 5l sl ATI ; a2 ¢
e R TCAT i
5 B0L5 8 o (YY) () San g pocie gl 5l (B b 4 0 ()il 3
Sy cisllas (V) Ko b
5 e i 45 3 s Lol cloailye 4y 4y o gl &g
4_0.];90 P9 M L <\>9J L’ Jl> ..\.wl.’@ Lo yd SVVAY J5| <\.0J§.o _:; g & % E
(39 dulie 93,5 ) w2 2 390 |y Wil plg5 oo w2 5l g 5 ol ;%]i
2 Ko alyd &gy |y Lol alse 13 b jite j) oS pn 1y ¥
S Laadge Lo Gio LIV Y US5) 3y L Jloges (g, e” AR
ailge 93 Bl | s g5 W5 IS Olis 3 Slaiz g HE
O )ygmodn il slapadli (le Laily) 85 pldl pgs 9 sl 28e|e =
o3ld L (Y JSb) pad g Jol adie (gam 93 jlaged 3 (SIS 'E:ﬁ z|= 2
Wl o3 38E|% &
S JelS pgmal a9 Jloged )3 ayadls oy o 445 %) 3 219 3
L g bl ol o (¥2) 0bio sl e (Sitran ot Lt 3; e
03,5 3 ATI 4 SSPI TOL SSI clo jasli ¥ S5 4 dags kR
: s g . i e | 48 -8 g
dgly) Wty pgd Al b 1) (Stuen (il g 28,5 )15yl 3%(% 2
JS8) (18bon 42 A0 5l oS 398 slaadld 5 pgd adlie (b 3 HER:
€95yt yi 45 A5 o glUsS & o adli oyl conlo (Y id |,
Ol Ao > S e 4SS i Lailyd 5 g Lais ple 14°|° <
FaZEln =
D5 gy (Samsan (YP) Jloyi kylpd )5 5)Skes b b jadls IR
Lol aish 00 b (gyb bze 9 YU (Siwod 558 sl yaslis £lg &
2SBSSI 3 TOL SSPI Lo asli & cund AT (asls sle o
& & . - oo L S i
Ol A (Y JSd) el Jlog Ll yd )3 5, Sas (59 52 (6 i sz 2
ALSed g (sgwge 9 (V) hLSen g 52Ld )5 (slaaidly b gl °1° <
s SNPI K2STI K1STI DI YI MP HARM STI +|& %
MMJal c\.nj;al;u.io.mg.b)b)l)ﬁ £93 09;).}YS - :’. E
Ae 5l yeS 550 sl adls 5 Jol adse yle dsl) aiily oYL . )
515 B
L bie (Siwwen L YSI s RDI gla o s (aib o 4> R
(Y JS8) 235518 g 095 53 pgd addse _3) .
k N
HESE



OYY  pssS slacuishl I (B 3 50 (Sugby (i & Joi (23,

(V) s @bl i (imngly (nl 5> Jote slacaisi
£9d 9 Jol adlie (ol ool Cawddy yolie ¥ S & agi by
SHGLY 5V 4l & olacss) d9d e pasude (1 Jgiz)
P Vo Sles jolie b (b iyls 58 (Bl jooe o35 4
oy ol gle il o8 G5 4 Comlus 5 Lulyd 93 2
aS slacaish) a4 Comd 1y )18 ML Y anl oS Sl
SSITOL slayasls 5ol polde glyly a5)ls J13 Y 4l
dop g S cde 4 oo @)ledy il o 35 ATI 4 SSPI
ogMe g llae bagl ol dy Comd (i baslys jo Lid Sl clyoss
Mgy 58 Gy 3y Slas 6yl 1YL 5 Slas Jousily
adie Byl gd 10 g WML ¥ oV anl p oS Slacuwss
slapad s sl (o5 palie s 015 )15 (81 yoe) ol
» sl 2 Ses 5 w39 (00l 3des Jeasly) pow 9 p9d 09,5
5 SSI asls (bl g aily (Sis s g Jgons Ll
o) ol 30 Hoye5 0 i an oYL cuwlus 51 SSPI
ol jlalass S 18 Sl ¥ el o & ol dacdisis
SSI slaasls YU polie Uy ooy o> alye o5
$yaS 3 Shas g)lub 5l a8 o ol |, ATI 4 SSPI . TOL
Bl gme 25 3 9 ¥ 4l 3 & placs] g At )y
SSI slajasli wlwly laibd a5 siwn slacuwes 5yl )3
2 S Olyus Aoy gl i) asl e pylae SSPI g TOL

(F JS2) (10 > Shac

Score Plotof Yp, ..., K2ST1

= 1

Second Component

R I R R ST

-5.0 -2.5 0.0 2.5 5.0 T 10.0
First Component

9% 9 Jol alge (olwlpr @S cuighy (509 S - UK
2 Bwigij 0, lend) i dy oo (G ad L (gl Bl Cawddy
() Jga gluo
Figure 4- Grouping of wheat genotypes based on first and

second components for stress tolerance indices (for
genotype numbers refer to table 1)
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Table 6- Estimation of stress susceptibility index (SSI) in spring wheat genotypes using yield components average in
regression model under irrigated and stress conditions

L] Al 3 &il> slasi (055) 412 5152 339 (2250 50) 595l dlaiuw
Genotype Seed per spike One thousand seed weight (g) Fertile spike (m?)
ey Jb s SSI e Jbo s SSI O Jboys SSI
Atrak 42.53 4997 101 21.68 35.33 2.19 457.33 544.00 0.83
Hirmand 3113  39.63 1.46 32.63 37.02 0.67 406.67 508.00 1.04
Dez 3791 4053 044 30.64 33.75 0.52 455.67 526.33 0.70
Pishtaz 3371 38.00 0.77 32.50 34.01 0.25 615.00 849.00 1.44
Marvdasht 43.67 5310 121 24.47 29.36 0.95 456.67 563.00 0.98
Akbari 36.03 39.77 0.64 39.80 44.83 0.64 593.00 623.50 0.25
Tabasi 34.57 38.23 0.65 34.56 37.71 0.47 590.33 696.67 0.80
Arta 30.87 33.30 0.50 22.13 29.95 1.48 521.33 505.00 -0.17
Rasool 31.10 40.23 154 27.57 35.54 1.27 378.67 442.33 0.75
Sepahan 37.67 4433 1.02 23.37 29.71 1.21 462.67 556.67 0.88
Shiraz 40.00 4420 0.64 24.13 29.55 1.04 611.67 637.33 0.21
Kavir 3730 4733 144 30.16 36.59 1.00 342.00 510.67 1.72
Shiroodi 42,07 5063 1.15 29.72 38.76 1.32 373.00 722.33 2.52
Koohdasht 32.17 3850 112 23.58 31.85 1.47 294.67 377.33 1.14
Naz 28.97 3723 151 36.53 51.29 1.63 545.33 683.00 1.05
Zagros 33.13 4260 151 26.05 31.71 1.01 380.00 440.50 0.72
Navid 33.80 3750 0.67 20.11 25.60 1.22 314.67 421.50 1.32
Moghanl 4093  49.03 112 32.29 35.24 0.47 599.33 626.67 0.23
Niknejhad 3953 4695 1.07 26.10 30.17 0.76 428.00 450.33 0.26
Darab2 3173 3713 0.99 26.13 34.33 1.36 449.33 532.33 0.81
Moghan3 43.77 4940 0.77 29.35 31.83 0.44 300.00 349.00 0.73
Chamran 32.67 46.57 2.03 26.04 3411 1.34 452.00 644.33 1.56
Maroon 34.27 38.60 0.76 31.76 38.63 1.01 344.00 441.67 1.15
Moghan2 39.47 49.57 138 23.97 28.57 0.91 386.00 545.67 1.52
Tajan 37.33 48.70 158 24.19 32.47 1.45 392.67 632.50 1.98
Shole 34.07 3877 0.82 32.07 37.30 0.80 609.00 821.67 1.35
Bahar 39.47 4413 0.72 23.06 32.07 1.59 440.67 613.67 1.47
Mahdavi 4820 55.07 0.85 29.46 34.71 0.86 540.00 654.00 0.91
Baiat 39.70 4193 0.36 29.93 39.91 1.42 504.67 459.33 -0.51
M.Arvand 33.60 38.80 0.91 35.00 40.53 0.77 537.33 610.00 0.62
Azadi 47.07 5755 124 25.07 27.87 0.57 585.00 794.00 1.37
Vireenak 32.33 42.00 156 23.80 29.69 1.13 438.33 515.33 0.78
Karkhe 50.00 50.95 0.13 29.33 31.82 0.44 300.67 606.33 2.63
Cross Alborz  40.87  51.33 1.38 29.26 30.03 0.15 366.67 515.00 1.50
Estar 37.40 4270 084 25.09 31.27 1.12 303.33 438.33 1.60
Sistan 37.00 4200 0.1 37.50 45.22 0.97 535.67 557.67 0.21
S.B.Roshan  36.03 36.30 0.05 35.66 42.34 0.89 400.67 441.67 0.48
Hamoon 37.07 3783 0.14 29.03 35.23 1.00 354.67 349.00 -0.08
Alborz 29.10 38.07 160 32.39 39.17 0.98 445.67 466.67 0.23

Sl - - 14.7 . . 214 . - 19.1
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Genotype Straw yield Seed weight in spike (g) Spike length (cm)

ows Jby  SSI o Jboys SSI o Jb s SSI
Atrak 6.07 596 -0.08 1.24 2.06 1.86 8.71 9.30 0.66
Hirmand 6.53 853 0.98 1.37 1.83 1.18 10.17 10.57 0.39
Dez 598 7.12 0.67 1.49 1.57 0.26 8.80 9.42 0.68
Pishtaz 6.89 1014 134 1.45 1.71 0.71 9.28 10.22 0.95
Marvdasht 658 7.14 0.33 1.60 1.74 0.37 8.55 9.31 0.84
Akbari 6.84 7.75 0.50 1.78 2.19 0.86 9.29 10.02 0.75
Tabasi 8.17 10.79 1.02 1.67 1.70 0.08 10.14 10.42 0.28
Arta 478 741 149 1.05 1.19 0.55 9.07 9.91 0.87
Rasool 572 6.86 0.70 1.16 1.65 1.40 9.72 9.93 0.22
Sepahan 524 6.76 094 1.27 1.56 0.86 8.86 9.53 0.72
Shiraz 6.92 950 114 1.33 1.86 1.32 10.70 12.08 1.18
Kavir 458 6.20 1.10 1.53 2.01 112 9.23 9.99 0.78
Shiroodi 428 933 227 1.80 2.17 0.78 9.58 10.52 0.92
Koohdasht 6.09 646 0.24 1.06 1.54 1.45 10.73 11.37 0.58
Naz 532 9.61 1.87 151 221 1.48 9.53 10.11 0.59
Zagros 481 8.00 167 1.06 1.43 1.20 6.32 9.76 3.63
Navid 535 843 153 0.93 1.47 1.73 8.89 10.26 1.37
Moghanl 6.85 7.20 0.20 1.73 2.00 0.62 9.24 9.30 0.07
Niknejhad 6.15 7.81 0.89 1.40 1.57 0.49 9.23 9.65 0.44
Darab2 578 6.05 0.19 1.12 1.64 1.49 6.52 9.80 3.45
Moghan3 382 6.80 184 1.69 1.99 0.71 9.58 10.07 0.50
Chamran 570 828 131 1.13 1.78 1.70 8.51 9.66 1.22
Maroon 378 359 -0.23 1.29 1.76 1.26 9.95 10.71 0.74
Moghan2 718 822 053 1.57 1.79 0.59 9.17 9.78 0.65
Tajan 479 716 1.39 1.29 1.89 1.48 9.42 10.82 1.33
Shole 7.77 1364 1.80 1.48 1.70 0.61 9.23 9.32 0.10
Bahar 565 791 1.20 1.24 1.65 1.14 7.03 10.79 3.59
Mahdavi 6.28 7.04 0.45 1.81 2.24 0.89 10.65 11.55 0.80
Baiat 798 9.64 0.72 1.60 1.94 0.82 9.17 9.52 0.37
M.Arvand 770 1056 1.14 1.59 1.98 0.90 9.28 10.22 0.95
Azadi 8.05 1285 157 1.51 1.97 1.09 10.33 11.27 0.86
Vireenak 566 584 0.13 1.08 1.50 1.30 8.98 9.97 1.02
Karkhe 427 729 173 1.78 2.28 1.01 7.00 7.78 1.03
Cross Alborz 539 731 1.10 1.50 1.78 0.72 10.27 11.00 0.69
Estar 479 653 112 1.20 1.68 1.32 9.42 10.30 0.88
Sistan 758 7.64 0.03 1.86 2.10 0.54 9.95 10.77 0.78
S.B.Roshan 579 585 0.04 1.54 1.90 0.89 9.19 9.22 0.03
Hamoon 478 528 040 1.48 1.65 0.50 9.19 9.42 0.25
Alborz 524 534 0.08 111 1.73 1.66 6.79 10.28 3.49
Sl - - 23.8 - - 214 - - 9.7
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Table 7- Estimation of stress susceptibility index in spring wheat genotypes based on seed yield (t ha™®) in normal and stress

conditions
Cwigij o Yp Ys SSI GM TOL STI Harm MP RDI
Atrak 5.00 3.18 0.85 3.99 1.81 0.49 3.89 4.09 1.12
Hirmand 518 282 106 3.82 2.36 0.45 3.65 400 0.95
Dez 5.86 3.93 0.77 4.80 1.93 0.71 4.70 4.89 1.17
Pishtaz 827 440 109 6.03 3.88 1.13 5.74 6.33 0.93
Marvdasht 5.34 320 093 414 2.14 0.53 4.00 4.27 1.05
Akbari 589 436 061 5.07 1.53 0.80 5.01 513 1.30
Tabasi 713 4.69 0.80 5.78 2.43 1.04 5.66 5.91 1.15
Arta 3.88 2.17 1.03 2.90 1.72 0.26 2.78 3.02 0.98
Rasool 477 231 120 3.32 2.46 0.34 3.11 354 0.85
Sepahan 4.61 2.98 0.83 3.71 1.63 0.43 3.62 3.79 1.13
Shiraz 6.13 360 096 4.70 2.53 0.69 4.54 487 1.03
Kavir 589 260 130 391 3.29 0.48 3.61 425 077
Shiroodi 7.26 2.89 140 458 4.37 0.65 4.13 5.07 0.70
Koohdasht 382 210 105 283 1.72 0.25 2.71 296 0.96
Naz 7.66 3.22 135 4.96 4.45 0.76 453 5.44 0.74
Zagros 365 145 141 230 2.20 0.16 2.07 255 0.69
Navid 5.52 1.96 1.50 3.29 3.56 0.34 2.89 3.74 0.62
Moghanl 6.60 5.49 0.39 6.02 1.11 1.12 5.99 6.04 1.46
Niknejhad 471 322 074 3.89 1.50 0.47 3.82 396 1.20
Darab?2 5.79 3.10 1.08 4.23 2.69 0.56 4.04 4.44 0.94
Moghan3 493 246 117 348 2.47 0.38 3.28 3.70 0.88
Chamran 6.69 328 119 4.69 3.40 0.68 4.40 498 0.86
Maroon 520 3.04 0.97 3.97 2.16 0.49 3.83 4.12 1.02
Moghan2 6.06 348 099 4.60 2.58 0.66 4.43 477 101
Tajan 6.99 2.36 154 4.06 4.64 0.51 3.53 4.68 0.59
Shole 720 3.19 1.30 4.80 4.01 0.71 4.42 5.20 0.78
Bahar 6.18 3.73 0.93 4.80 2.45 0.72 4.65 4.96 1.06
Mahdavi 664 436 080 533 228 090 526 550 115
Baiat 625 437 070 523 188 085 514 531 122
M.Arvand 488 325 078 398 164 049 390 4.07 117
Azadi 773 411 109 564 362 099 537 592 093
Vireenak 431 251 097 329 180 034 318 341 102
Karkhe 449 244 107 331 205 034 316 346 0.95
Cross Alborz 553 320 098 421 233 055 405 437 1.01
Estar 471 230 119 329 241 034 309 351 085
Sistan 577 484 037 529 093 087 527 531 147
S.B.Roshan 512 368 066 4.34 144 058 428 440 1.26
Hamoon 447 310 071 372 137 043 366 378 122
Alborz 521 300 099 395 221 048 381 410 101

(51=0.429)
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g o YI YSI DI SSPI ATI K1 K2 SNPI
Atrak 098 064 063 1599 413 038 048 6.11
Hirmand 0.87 0.54 047 20.75 5.14 0.38 0.34 5.19
Dez 121 067 081 1703 529 076 105 7.70
Pishtaz 1.36 0.53 0.72 34.17 1335 240 2.08 8.05
Marvdasht 099 060 059 1885 505 047 052 6.02
Akbari 1.35 0.74 1.00 13.48 443 0.86 1.44 9.09
Tabasi 1.45 0.66 0.95 21.44 8.03 1.64 2.18 9.14
Arta 0.67 056 037 1511 2.84 012 012  4.00
Rasool 0.71 0.48 0.34 21.68 4.66 024 0.17 418
Sepahan 0.92 065 059 1439 345 028 036 575
Shiraz 111 059 065 2231 680 080 085 674
Kavir 0.80 044 035 2901 7.36 051 031 4.68
Shiroodi 0.89 0.40 0.35 3852 11.43 1.07 0.52 5.20
Koohdasht 0.65 0.55 0.36 15.17 2.78 0.11 0.10 3.87
Naz 099 042 042 3918 1260 139 075 579
Zagros 0.45 0.40 0.18 19.42 2.89 0.07 0.03 2.60
Navid 0.60 035 021 3140 6.68 032 012 3.54
Moghanl 1.69 0.83 141 9.79 3.82 1.52 3.22 12.92
Niknejhad 099 068 068 1318 332 032 046 637
Darab2 096 053 051 2373 651 058 051 568
Moghan3 0.76 0.50 0.38 21.72 4.90 0.28 0.22 4.48
Chamran 101 049 050 2997 910 095 070 596
Maroon 094 0.58 0.55 19.07 491 0.41 0.43 5.67
Moghan2 108 057 062 2274 677 075 076 648
Tajan 073 034 025 4085 1075 078 027 4.8
Shole 0.99 0.44 0.44 3535 1098 1.15 0.69 5.75
Bahar 115 060 069 2162 673 085 095 7.03
Mahdavi 135 066 088 2008 7.00 123 163 848
Baiat 135 070 094 1656 561 103 154 877
M.Arvand 1.00 067 067 1441 372 036 050 6.35
Azadi 127 053 067 31.88 11.6 183 159 7.53
Vireenak 078 058 045 1583 338 019 020 4.70
Karkhe 075 054 041 1808 3.88 021 019 4.48
Cross Alborz 099 058 057 2054 560 052 054 596
Estar 071 049 035 2126 453 023 017 417
Sistan 150 084 126 816 280 090 1.94 1158
S.B.Roshan 114 072 082 1268 357 048 075 7.51
Hamoon 096 0.69 0.66 1205 291 027 039 6.19
Alborz 0.93 058 053 1947 499 041 042 558
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Introduction

Wheat is a major crop among cereals and plays a vital role in the national economy of developing countries.
Wheat (Triticum aestivum L.) is one of the most important crops in terms of acreage and production rates in the
world. This crop has an important role in the food supply. According to the FAO (2010) statistics report, the
average wheat yield in Iran was 2136 kg ha™, while the worldwide average yield was 3009 kg ha™. Iran, with an
average annual rainfall of 250 mm, is located in the world desert belt. Yield loss due to drought stress is likely
higher than other stresses. Therefore, introducing plants with high production under both drought stress and
non-stress conditions is highly regarded. Stress tolerance indices are used for screening drought tolerant
varieties. Tolerance (TOL), mean productivity (MP), stress susceptibility index (SSI), geometric mean
productivity (GMP), stress tolerance index (STI) and modified STI (MSTI) have been employed under various
conditions. Fischer and Maurer (1978) explained that cultivars with an SSI less than a unit are stress tolerant,
since their yield reduction under stress conditions is smaller than the mean yield reduction of all cultivars
(Bruckner and Frohberg, 1987). Mean productivity, GMP, harmonic mean (HM) and STI were reported as
preferred criteria in selection of drought-tolerant barley genotypes by Baheri et al. (2003). Yield Index (Y1)
proposed by Gavuzzi et al. (1997), was significantly correlated with stress yield which ranks cultivars on the
basis of their yield under stress. The genotypes with a high Yield Stability Index (YSI) are expected to have
higher yield under both stress and non-stress conditions (Bouslama and Schapaugh, 1984). Mousavi et al (2008)
introduced Stress Susceptibility Percentage Index (SSPI) as a powerful index to select extreme tolerant
genotypes with yield stability. Fischer and Wood (1979) suggested that relative drought index (RDI) is a positive
index for indicating stress tolerance. Lan (1998) defined a new drought resistance index (DI), which was
commonly used to identify genotypes producing higher yield under both stress and non-stress conditions The
objectives of this study were to evaluate the performance of different wheat cultivars under normal irrigation and
drought stress conditions and to identify the most promising wheat genotypes for drought prone areas.

Materials and Methods

Thirty-nine spring bread wheat genotypes were evaluated under two irrigation regimes, normal and moisture
stress at grain filling period for a year. Under normal conditions soil was irrigated up to field capacity, while
under stress conditions after the onset of flowering, irrigation was delayed until wilting point took place. The
study was conducted at College of Aburaihan, University of Tehran, Iran, in Pakdasht. The experimental design
was a randomized complete block design with three replications. Standard cultural practices were applied for all
experiments. At harvest, grain yield (t ha™) was calculated on the basis of plot area.

Results and Discussion

Under normal irrigation, Pishtaz and Azadi (with 8.27 and 7.72 ton ha™, respectively) and under stress
conditions Moghan1 and Sistan (with 5.48 and 4.84 ton ha™, respectively) had the highest grain yield. Based on
regression analysis under normal and stress conditions, three variables entered the model and in normal
conditions 70.8 percent and in stress conditions 64 percent of yield changes were explained. Based on grain
yield, 15 susceptibility and stress tolerance indices were calculated. Results of correlation, principal component
analysis and biplot display showed that GMP, STI, HARM, MP, YI, DI, MSTI and SNPI indices were the best
criteria for genotype selection with high yield and stability in stress conditions. Cluster analysis (Ward method)
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was also used based on indices and grain yield in both normal and stress conditions to classify genotypes in
similar classes. Dispersion of genotypes in the biplot, revealed genetic diversity among the genotypes under
drought stress.

Conclusions

Results showed that Moghanl, Sistan, Akbari, Bayat, Dez, Spring Roshan-BC, Mahdavi and Tabasi
genotypes were identified as tolerant and Tajan, Navid, Shirodi, Zagros, Vee/Nak and Kohdasht genotypes as
susceptible genotypes to terminal drought stress. These genotypes can be used for further cross and genetic
analysis for drought tolerance through diallel or generation mean analysis designs.

Keywords: Drought tolerance, Principal component analysis, Regression, Tolerance indices



