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1- Stress susceptibility index 2- Tolerance
5- Stress tolerance index 6- Yield stability index

3- Mean productivity ~ 4- Geometric mean productivity
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Table 1. Pedigree of bread wheat genotypes used in the experiment

Genotype No Variety / Line

—

AFTAB
KS82142/2*WBLL1CMSA01Y00397T-040M-040P0Y-040M-030ZTM-040SY-4M-0Y-0SY
KS82142/2*WBLL1CMSA01Y00397T-040M-040P0Y-040M-030ZTM-040SY-21M-0Y-0SY
PASTOR//HXL7573/2*BAU/3/WBLL1PTSS02Y00023S-0Y-030ZTM-040SY-040M-19Y-0M-0SY
TC870344/GUI//TEMPORALERAMS87/AGR/3/2*WBLL 1 Cl\g§¢0 1Y00725T-040M-040P0Y-040M-030ZTM-040SY-33M-0Y-
KS82W418/SPN/3/CHEN/AE.SQ//2*OPATA/4/FRET2CMSA01M00316T-040Y-040M-030ZTM-040SY-040M-53Y-0M-0SY
WHEAR/KRONSTAD F2004CGSS04Y00106S-099Y-099M- 099Y-099M-13WGY-0B
QIMMA-8 CMSS93Y00332S-1AP-3AP-3AP-0APS-0AP
TC870344/GUI//ITEMPORALERAM87/AGR/3/2*WBLL1CMSA01Y00725T-040M-030ZTM-040SY-10M-0Y-0SY
FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/5/PFAU/WEAVER//BRAMBLINGCMSS05B00480S-099Y-099M-099Y -

O 00 1N U B W
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10 099ZTM-22WGY-0B
KAUZ//ALTARS4/AOS/3/MILAN/KAUZ/4/HUITES
1 FTICALINHIHSG.71/3/SERIA4ICALINHIIHS61.71/5/2*KAUZI6IPASTORCMSS0SBODSS 1 -099Y-099M-099Y-0992 -
2WGY-0B
12 HAMAM-4/ANGI-2ICW02-00621-2AP/0TS-0AP-0AP-6AP-0AP
13 ATTILA*2/PBW65//KACHUCMSS05B000045-099Y-099M-099Y-099ZTM-1WGY-0B
14 PBW343*2/KUKUNA//SRTU/3/PBW343*2/KHVAKICGSS05B00261T-099TOPY-099M-099NJ-099NJ-6WGY-0B
15 KACHU#1/KIRITATI/KACHUCMSS06Y 00778 T-099TOPM-099Y-099ZTM-099NJ-099NJ-6WGY-0B
16 BABAX/KS93U76//BABAX/3/2*SOKOLLCMSA06MO00008T-024(PINBD 1 BHET)Y-040ZTM-026(PINBD 1BPOS) ZTY-
20ZTM-0Y-0
17 LAKHISH/4/NESTOR/3/HE1/3*CNO79//2*SERIIRBWG-2007-010G-0G-0G-0G-12G
18 PASTOR/4/NESTOR/3/HE1/3*CNO79/2*SERIIRBWG-2007-022G-0G-0G-0G-1G
19 GHK”S"BOW”S"//90-ZHONG87/4/NESTOR/3/HE1/3*CNO79//2*SERIIRBWG-2007-049G-0G-0G-0G-14G
20 GHK”S”BOW”S"//90-ZHONG87/4/NESTOR/3/HE1/3*CNO79/2*SERIIRBWG-2007-049G-0G-0G-0G-19G
21 BERKUT/MUU//DANPHE #1CMSA07MO00073T-050Y-040ZTM-040ZTY-31ZTM-010Y-02B-0Y
2 TILILA/JUCHI/4/SERI. 1B//KAUZ/HEVO/3/AMADCMSS06Y 00868 T-099TOPM-099Y-099ZTM-099Y-099M-8WGY-0B
’ ROLF07*2/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA(213)//PGO/4/HUITESCMSS 06Y00926T-099TOPM-099Y -
099ZTM-099Y-099M-5WGY-0B
24 SUP152/BLOUK #1CMSS06B00033S-0Y-099ZTM-099NJ-099NI-3WGY-0B
25 MUTUS/AKURICMSS06B00451S-0Y-099ZTM-099Y-099M-3WGY-0B
Iy NAC/TH.ACI/3*PVN/3/MIRLO/BUC/A/2*PASTOR/S/KACHU/6/KACHUCMSS06BO00734T-099TOPY-0992TM-099Y-099M-
27 KIRITATI/WBLL1//2*BLOUK #1CMSS07Y00849T-099TOPM-099Y-099M-099Y-17M-0WGY
28 BAJ #1*2/WHEARCMSS07Y01201T-099TOPM-099Y-099M-099Y-15M-0WGY
29 FRET2*2/BRAMBLING//BECARD/3/WBLL 1*2/BRAMBLINGCMSS07B00560T-099TOPY-099M-099Y-099M-19WGY-0B
30 KACHU/BECARD//WBLL *2/BRAMBLINGCMSS07B00580T-099TOPY-099M-099Y-099M-10WGY-0B
31 KA/NAC//TRCH/3/VORB CMSA07M00443S-040M-0NJ-ONJ-10Y-OB
3 TACUPETOF2001*2/BRAMBLING/3/ KIRITATI//PBW65/2*SERL. 1 B/4/ND643/2*WBLL 1 CMSS08Y 00676 T-099TOPM-099Y -
099M-099NJI-099NI-2WGY-0B
3 THELIN/3/BABAX/LR42//BABAX/4/BABAX/LR42/IBABAX*2/5/KIRITATI/2*TRCHCMSS08Y 00756 T-099TOPM-099Y-
099M-099NJ-20WGY-0B
34 MUNAL*2/WESTONIACMSS08Y 00833 T-099 TOPM-099Y-099M-099NJ-099NJ-8WGY-0B
3 LERKE/5/KAUZ/3/MYNA/NUL//BUC/FLK/4/MILAN/6/PROGRESOF2007/7/KIRITATI/4/ 2*SERI.1B*2/
3/KAUZ*2/BOW/IKAUZ CMSS08B00400S-099M-099Y-25M-0WGY
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Figure 1. Rainfall and minimum and maximum temperatures recorded during 2016-2017 growing season in Moghan
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Table 2. Analysis of variance for grain yield of bread wheat in rainfed and supplemental irrigation conditions
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Table 3.Combined analysis of variance for grain yield in bread wheat

Sluye pSike S i i
ADYYFRS/50™ ) Sl o5
YOV-OV/YA i &bl sy S
Yassya/av®® Yo o)
AFFYR/¥S ¥ Sl w5 X
yYavsy/ay Ve alegt ol
TN 9 70 Jloin] o )3 45 dme g )5 gxe pmé S5 4 K 5% s
g YU xe 4 Wl TOL Lasls e sl cplply e Sl i Jood gl el
5,8 Canl (S aSdy g L5 e byl il jo 3 Sas Pash o Slee wlal 5 Sid 55 Jood sla edls
O blpd 53 g Bl b G5 g balid 3 Gl o (P Jgan) b albe pd g (eSS ()Ll bl g

oSl SoiS el il &5 Wl olen oS Gl L
pb & s> S SSI adls auole 43 (V+) 205 0 TOL
5 295 oo i s b e s o 45 45 50> 3934 S
(V0) d9ien pS2g8 SSI padls asly 35,5 e3> (ol 420
o bl )0 Y o Slas 500 3 09Me SSI sl )
aide 5 G5 1 )3 lageigis 4 o)y ool b iy o (Sts
o5 balpd 93 2 )3 (5955 145 (dme (p 55 (o0 )18
b5 yuw dopd Lol wbl o3V o Slee gyl i e
@ ogi e lolid Joxe cuigi glpe 4wy Gl
sl Sles b iy @ Y 5 VY lacaiss (Jie olgis
ale & i geb bulps o 5 o o5 VAR 5 YFY
s lalid Joodie slacaip] lgie 4 2L s o)
s VIOV iy a0Slas L Ve 5 ¥ slacuwiys as by
Joie slocis) G (e balyd ) LS ) o5 YIEFA
oadls &8 by (55 (YY) e g (698 -ad aslis
5 Vb ol b Glacaisl sued 5> e sl YSI
ol (oo bl 4l Comlus
O SRt Ll G (e

9 St G o Jreot slaadld ( (Shen
Oly=e & Slg e w3 5 (eSS olal kalpd )3 4l 3)Sles
o Lapadls o bows op e CBl gy cuslio (5)bae
OB g oS g kilyd 3 0 Sles b oS padll g, )
=k 0\9_;.94.3&.‘514 asly ")L,.S.;.9Yl.g Sisirots ‘_55~m>
B o )3 (1) 398 Cgine (A j5 g jlome
P aboSles 5 Sis 4 oo g 2dli e  Siuwed
bae 13 5,Shas (e (Siusad Casl 045 4] Lo 93 yn
S 59 T= ISV Uy s (YS) o3 5 (YD) koSS o)l

iz 5:Nle (MP) (5590 )20 (1Sile sl pad L
4 S (STI) 00k i & Joo asls 5 (GMP) (590 0
slacuis; ol Oy ez o lis LQ)T <Y polis
Olgie dn ((Suis ) md balyd (o, 3 o5 VEFY
o=l a00yS (Byme (Sl i 4 e slacaig)
Olo—is d pd bl 5 )3 LS j> 5 VIVYA 5 V/VY.
oal3lads L0)S s (S i 4 bguiell (T wles
Seis eoip > (TA) syl o3lj Bolo g (V) oS
MP 5 GMP STI (sl jasls 45" Sow) doni (pl & palS
s 909 F38ge Lpadld pl o Cos pBl (235 4
0L a5 gy oail byl b (Te) pllSen 5 0350 aun
MP STI slo jadli oMo yiis Lylyd p> 48" 00,87 5158
bulyd )3 YU 5, Slos b sl (lolid <l GMP 4

Ak caolio JET y9dy g T
0als g 5 4 s oo oaimd bt Ll jzeS” polie oS
Jood i ylis Oi YL olie &S (YSI) 5 Sles (g)lul
Loy & L VW o Ve Y slcws) wwl i a
5 S G 4 Jexie lguigy ples 4w
MMY oSlas b ocuiy 4 1) YY) 9 £ &Y slacwis)
Sl ol s TOL jaslls b0)S (Syre (S il
S o Slas Glpsd dx g dad oo ol 1) LA bylyd
aalgs a8 ol (sode e Al oS LS ) (s


http://dx.doi.org/10.29252/jcb.10.28.13
https://jcb.sanru.ac.ir/article-1-891-en.html

Suid & Jooo (gl jadli | oolitul b o2 puiS > (Suis 4 Jooie sacwis) (olwlid

Sl Jols by e 90 yo j0 0y Slas bl o i3S dmd o ol
hogs oySes ()lal by Jpaxep slacuiy) Sy oo
22 9 (oS5 ()bl bl )3 puS slacases a3 Slas (S0l g (Sitd (15 Joob (sloadls -F oo

Table 4. Drought tolerance indices and mean of grain yield in wheat genotypes under rainfed and supplemental
irrigation conditions
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Table 5. Correlation coefficient between drought tolerance indices and grain yield under rainfed and supplemental
irrigation conditions

Ysl ssl TOL MP GMP STI Ys Yp?

Voo Yp

Voo N/as Ys

Veoe N SIAAS*E STI

Ve AR <[aNy <A GMP

Voo AST <[aay™ <IAa™ ANt MP

Voo -[-as™ -f-av"” -1-¥0™ - fyon* /Y TOL

Voo <A —ofe5y™ —Nes™ —/a™ — /b N ssl

Voo Ve —JAAT** ofosy"™ oy <™ —faeN** —[¥o¥" Ysl

[ DOI: 10.29252/jch.10.28.13 ]

5390 38 (Sl MP (5590 20 (qwdin (0o GMP (ii5 &y oo (sl ST 0 ]y cod aily 5,Slas YS ¢ LuoSS d)l,j bylys cou il 3 Sles Yp :a
3Sdas (ylul (adls YSI g i 4 Camlus a3 Ls SSI ¢ Jass s ls TOL
TN 5 70 Jloinl s )3 )5 sme g 45 dme pé S5 & *F 5 F NS


http://dx.doi.org/10.29252/jcb.10.28.13
https://jcb.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-09 |

[ DOI: 10.29252/jch.10.28.13 ]

AR

WWAY o IYA 0ylais /o2 Jho /215 HalS el doliiangsy

e 1 (W) gbed (M) g odli s Jimgly b
P9)97 PSS ABy iy SlagY p ogS g (Suts i b
ol 5 (i dy Jreod (slaadld o L35 asiis
O 4 b slapadll b awslie > (5)90,02 (pwdin
oLl gl VL pled )08 51 gy90 00 (pSbe 5 Jood
O g 05305 (SBILaLbb o )l3)55 2 Joiie (slacassis
bl il 3 )3 (b a5 slacnY 5, 2 gladlle 3 (V)
9SS dn Conglio (slapadld (cw)p w3 5 (oS
anglio (slo sl oy 5l 48,8 doeit ¢ sl gl LTS
odin 5l 5 BT 4 Jood (adld (690,00 (ke
YL 2y Slos Jouily 45" olacais (8L 55 ()90 %
lm s s i ) Kbl e 5 i 4 Jascie 9 4zl
2 (10) phlSen 5 (SlyelS 0l o 153390 0ld (Byre
DS g9t 9 5 Laalyd o (U el glac g
MPs GMP STI sLa jasLs 4 1inges JLglil S_is
P Laeassy oy Slas Ly (63 ine sl 5 Cuo (S
Ol > ey g iy (iS5 (g 9 B Ll
oY 5 Shae Juslty (s slbasgr) ool 5 b asls
A Aoy S oy SiS 55 4 et
kol glaadlie 4 4 520

@ Joos slagadls ol p (Lol slaadlie 4 4 o0
5 eSS bl Llpd 93 3 5 Shas b olan (Sts 5
Jol ol adlge 95 Sl 4 4295 (7 Jouo) 45 plol o
ey 1 0505 oyl |y edly S @l 51 o p> A//AY
S Sl iy ©yp0 ailhe 93 ol elal sl

Oygo 4 |y adhe 55 Ot Glgioe W Sl 5 258 o
ol olel 3 ewigs a8 glaieS 4 o isled pa p dges
4 dagi b0 asude bl b jhged paw ) 4dlhe 9o
oS el bl 0wl o Slas b oYL g Cute [ Siuen
adlze? loie & adlse ol cob ol 5l cils STI 4 GMP
ool b (Byme € S i 4 Jeod g 3 Shes Jaslsy
4 Joie o Y aib 5 ySloe Juwsly gyl slacais ddlbe
ool 5 ol 4l 5)Sles (ke L sloci I (S
b sl opasls col (Vb (i 4ol 4 4295 LS oo o
plie ululyy Jols Ol g9y » ol Cosl gllae
Yo Slas gl &S 1) olacwiss oy o adlie ol (oYL
MP (ol jadli 5 (St (A5 (g 9 15 Lalpd 93 2 5
bwg bodls doys AN odly s I8 51 (V) oy
Sl o> YWY gl addie &5 (gyskey 0 dngi Jgl adlie 40
L 2Vl g Coto (Suwad 93505 lo |y b ooy wlyuss JS

W33)S by €SS S5 & Jood g0 Shes il

5= (VF) o hLSar 5 Sl S 5 (YA) s p—nl 00l 50l

Ot g RS bulyd 90 0 e ab o Slas o (S
2 ashoySles 60,8 ()55 I xe g Cute Iy _§M> S
oSle sla sl s Ly eSS gyl byl

e

0asLs g (= IMS™) (i & Jess adli (r=+/A0 )
T 3 (o) e Cte [ Siuned =210+ +77) Jass
(r=+/YOF") s 4 cuwlus jaslis Ly o 7Y Jlasl
odljlads .cusly 70 Jlois! pdaw )3 6yl gxe Cute | Siunons
OhlSery (Sl (YA) g pal odligalo (V) GlilSen
PAS (i ooy 5 35 (V1) hlen 5 (S265 5 (10)
9 i i Lulyd 93 0 4y 3 )Slee (g (Sirad o po
5 Csta MP 3 GMP STI (elajasli L |y (55 a0
b oSS bl bl 3 aily 5, Shas 035905 (5,155 5 gixe
e (Sia (== [¥0F7) 5, Shos (5)laly sl
o2 bulyd g a5 Slee sl 70 i pdaws )3 > xe
Sile {r=+1A0™) (559020 (1Sile (slwadis L
G A Jreos (e L (= AT e (g0
(r=+/0+3") 5 Slae gyl sl jasl i ¢ (r=-/200")
aS Js o b 2N maw gy dne g Cute (Siued
5 it (Stuan (I==+/0:V") (15 & Comslus (a3L5 L
(r=—+/Y0") Jooss jasls 9 /) Jlois! pdaw 55 )l e
yoboany iy 70 Jlais! paw 43 5 dxe g hie (Sined
O3 9 (Sid GiS lare 93 pp 3 & Qlaasls IS
as wlgy o didl by 5, Slae b oYL Siuwed gyl i
Lagpasli cpl & 1) g (Byme cunlio o padls (lgie
P YL A Slos b slacwy) (lulid 5 gilo b 4 08
laoasls 4yl a4 L (V) wdbe ko 9 2
oot padld g odin ()90 )00 (ke (6r90 00 e
bl Balyd 535y Sdos b (VL (Stesen 5a56)5 15 4,
2y S p slapasls plais 4 03l (Ui w2 (eSS
O 9 O3S sl LapadLd ool cplpls Wb oo
OO b oS s Cbl (s 5 4 Jeodie lacsy)
daly 4 1y 005,85 (layasls 45 (YA) o)iSen 5 odljlas
IS oy 3 Slas b by gne g Cute (Stumon (4l
sbajloe plyie do ((Sutd (AT g G5 (g ulyd 63 5
e Joie 5 Jomamoyy lacig alolid sl culie

O Cdllee W3S Byxe byl 90y gl (Sis
9 YL o Sles il b lacaip} (S cage )90
S el G o Comles (asls L o Gl
only 3, Ses Jewily L (Hy S35 & Jooxie oy
oyl (S ly 0als e sy 5 Bk 235 o0
2500 it 5l 5 BT A Jreod sl padls
A oo Mg 2Vl 3 Slas AT (g g OIS bame 93 o


http://dx.doi.org/10.29252/jcb.10.28.13
https://jcb.sanru.ac.ir/article-1-891-en.html

w20 5 (eSS ol Ll y> aily 3, Sles 5 Ui b Jooo gloadlis gl Lol sbaddlie 4 450§ Jols guls =5 Jod>
Table 6. Principal components analysis based on drought tolerance indices and grain yield under rainfed and supplemental irrigation conditions
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Figure 2. Biplot for drought resistance indices in 36 genotypes of bread wheat based on first two components
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Figure 3. Three dimensional graph for selection of drought tolerant genotypes using grain yield under stress (Ys) and non-
stress (Yp) conditions and stress tolerance index %STI)
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Figure 4. Dendrogram of cluster analysis of 36 bread wheat genotypes based on grain yield under stress (Y's) and non-
stress (Yp) conditions and drought tolerance indices using Ward’s method
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Abstract

Among different environmental stresses, drought is of great importance that induces a highly
negative effect on crop production. In order to evaluate drought tolerance in dryland wheat
genotypes, 36 genotypes were studied in a randomized complete block design with three
replications under rainfed (drought stress&/land supplemental irrigation conditions during 2016-2017
growing season in Research Farm of Moghan College of Agriculture and Natural Resources.
Results showed that there are significant differences among genotypes for grain yield in both
rainfed and supplemental |rr|ﬂat|on conditions. Combined analysis of variance over two
experiments showed that drought stress S|gn|f|cantI%/ increased grain yield. Under supplemental
irrigation conditions, the ﬁenotypes 22, 34 and 21 had the highest grain yield by an average of
3.143, 3.089 and 2.921 t/ha and under rainfed condition, genotypes 20, 22 and 27 produced the
highest grain yield with an average of 2.647, 2.610 and 2.558 t/ha, respectively. In order to identify
drought tolerance genotypes, drought resistant indices such as tolerance index (TOL%, stress
susceptibility index (SSI), mean productivity (MP), geometric mean productivity (GMP), stress
tolerance index (STI?1 and yield stability index (YSI) were used. GMP, MP and STI indices were
highly correlated with grain yield under both stress and non-stress conditions. Therefore, they were
introduced as suitable indices to identify suEerlor_genotypes for both environmental conditions.
Based on principal component analysis and three dimensional graph, genotypes 22, 34, 33 and 15
were identified as drought tolerant genotypes and 7, 17, 14 and 1 were identified as drought
sensitive genotypes. Cluster analysis with Ward's method based on grain yield under supplemental
irrigation (Yp) and rainfed (Ys) conditions and drought tolerance indices divided the 36 genotypes
intoI four major groups. Therefore, this result was consistent by results from principal component
analysis.

Keywords: Brgad wheat, Supplemental irrigation, Drought stress, Grain yield, Drought tolerance
indices
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