[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.189 ]

Journal of Crop Breeding Vol. 15, No 46, Summer 2023 p: 189-197 @ @@
[ 8y e ]

""Research Paper"

Selection of Old and New Varieties of Bread Wheat Tolerant to Drought Stress
after the Flowering Stage

Mehdi Kakaei

Associate Professor of Agricultural Sciences Department, Payam Noor University, Tehran,Iran.
(Corresponding author: M.Kakaei@pnu.ac.ir)
Received: 30 September 2022  Accepted: 24 January 2023

Extended Abstract

Introduction and Objective: In semi-arid areas such as a large part of Iran, due to rainfall
unfavorable distribution and temperature sudden increase in time of grain filling, soil moisture
decrease is considered as one of the most important factors in the reduction of wheat growth and
development, Therefore, by evaluating the effects of drought stress on the studied cultivars, it is
possible to identify the most favorable cultivars and use them for future breeding purposes.
Therefore, the purpose of this research was to identify drought tolerant cultivars and their
characteristics with the help of drought tolerant indices that cause higher yield in dry climatic
conditions.

Material and Methods: The present experiment was designed and implemented in the
educational-research farm of Payame Noor University, Asadabad center, in the form of a
randomized complete block design with three replications in two conditions of moisture
treatment in the crop year 2015-2016. Moisture treatment was carried out in the conditions of
drought stress in the form of interruption of irrigation after flowering and in conditions without
drought stress. Were used in this research number 14 cultivar of old and new varieties of bread
wheat. Drought tolerance indices were used in this research.

Results: The results of mean comparing of this experiment showed that the highest mean yield
in the conditions without drought stress and drought stress condition was cultivar No. 10 and 2,
respectively. Cultivar No, 10, 2 and 6 had the highest Stress Tolerance Index, Mean
Productivity, Geometric Mean Productivity, Harmonic Index, Abiotic-Stress Tolerance Index,
Modified Stress Tolerance index in without Drought Stress, Modified Stress Tolerance Index in
Drought Stress and Stress Tolerance Score Indices. The results of the correlation analysis
between the indices and the mean yield in the non-drought stress conditions and drought stress
condition showed that the most suitable indices for screening cultivars in two environmental
conditions were STI, ATI, K1STI, K2STI, STS, MP, HAM and GMP.

Also, Principal Components Analysis showed that 69.3% of the changes of the examined
variables in the of non-drought stress conditions and drought stress conditions can be explained
by the first component and 99.4% of the said changes can be explained by the first and second
components.

Conclusion: In this study, STI, ATI, K1STI, K2STI, STS, MP, HAM and GMP indexes were
found to be favorable. Therefore, these indices were able to identify drought tolerant cultivars
with optimal performance in both environmental conditions under investigation (non-drought
stress conditions and drought stress conditions). The cultivars that were able to be selected in
both environmental conditions by the mentioned indices included cultivars No. 10, 2 and 6,
respectively.

Key words: Bi-plot, Drought Tolerance Indices, Wheat, Yield


http://dx.doi.org/10.61186/jcb.15.46.189
http://jcb.sanru.ac.ir/article-1-1418-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.189 ]

. VFEY bl 155 o jlasds /o2 5 Jlo [ £ly; o lS 2 Mol asliing}y W

g gl e 9 (5 LIS gl oLl
" iy Jlis"
2SS A o 5l gy (SubS IS 4 Joodio (U 0 wda g 248 08,] o]
ELLgTE

(M.Kakaei@Pnu.ac.ir : Jggue odiuus 53) ¢l yalecyl o5 ¢y9iply oKl ¢(g5,9liS” pole yicn «bls Mol jlutils
VEANVE iy )b VEVVIA el s guyb
VY B YA tasan

b gmne s8>

Wl 1l lej 5o bed o)l (il 5 (SW)b sl [aiSTyy Judsay ol a8 jl awy ity el Siiddaas sblie ) 1dad 5 dodio
Olpies adlas 3)90 pBl (59, (Std (a5 BT (Db b I g0 mguime pAS 9o g 43) plal Jale o Fipge dlo I S gy (ialS
5009 S 4 Jeodio plB)l Slulis gk cpl il Bua cplpls g edlaiwl Sl golpa Blual gly o 5l g ol jasis 1) o8, cpycslls
g o Sutd panldl Lyl s (5 5V 3 Slas Cow 4 Wbl oo (Suid 4 Conglio (sla adld SaS b bl Sluoguas

bulyd 93 53 )5 aw b ok JolS” slacSshy )b B 1o sblawl 3950 giply olSuiils (g oBjgal 4c)50 13 p3b ialef] iRy, g dlge
bulyd 3 5 (235 jlam )bl dad ©pgon (Suid a5 Jlasl bulyd )3 (b Jlos 35 12l (SLb WS (elys Sl 53 (usb) Jless
20,5 ool imghy cpl 0 (S 4 Jeod by ls

08y 4 borpe cuipa (S (i g (St G5 e balps )3 0,Slee 1 SSke oy 45 3 (L5 ialej] ol b Sikie dumlie guls taidl
Abiotic-stress Harmonic IndexGeometric Mean Productivity.Mean Productivity «Stress Tolerance Index _jasls iy jiin 09 Y 9 Ve
9 Modified Stress Tolerance index in drought stress Modified Stress Tolerance index in without drought stress Tolerance Index
o e bulyd 3 0 Sles (1Ske g et ls (S Juloo 1 Jobs gl asly £ g ¥V )+ ojleus pB,l |, Stress Tolerance Score
KISTI ATI STI glajasli wadlas opl 0 oo bylyd 3 0 pB,l 0,8 Jbye gly (adls o ycwlio a5 ob ol Sis jis 5 (Sds
Adlioe a g BB g 5 Jol sbradlye Lawgs joie Clyets 003 AUY g Jol allhe bawgs (SutS 15 9 A5

lapasls cpl 1 was o3l Lasts Colas GMP 3 HAM MP STS K2STI KISTI ATI STI (gla jasls adlas ol ) 505 S doxsis
wlolis 1) ((Sad (i g (Sid (35 e bl yd) awyp dyg0 (oo blyd o0 o 0 Cgllas 5Sles (gl o (Sis 4 Jooxio plB)] wituslys
L35 5 Y Ve ojlouds pB)] Jold sy 15,8 LB L3055 350 jeShe slayadli laws Jace baylyd 93 b o wituslys 45T Bl Lasles

paiS o, Slas (glo adls ( Suis 4 Joo Myccly 1 galS (sWojly

i 5 bulyd 3 68 gl 3 Slee b (St i
Sl Gl & WS gl (¥) L (F) 905 sSo3ll
el (sl (S5 olge QLI L gl (SiS Jeod
Yooro 3l olpon (25 ety ulpd cod YU 3,Sles
380as wgize g )ll 5 ogllas (gylel bulys o & B
o bl 58les gl il b g sl ash Sl
2 A1) 2l (oo Cenglie (gl (SiS 4 s il
3yS8kas Cundy Suld Jasd jlme 1978 ) pitd (L5 ol
Sy dssio (WS sl jadls cwl Sis lals s ab
shlow Laatj D)S.Lo.c Candg sl » ral.'é)l ol
Sl p & Cunl 0a3 dloddiy A5 g9 9 U5 )
o g ol Ll SISy Candy sl syl ag
bulyd s pB)l (uSly slive n (A) Npdiee (plolis
OlFie (Sl A5 g (S G5 e 5 b (e
oolol ol & g0 (gdin0g)S a3 1) gy
RS g (S S ek kalyd 90 a0 oS (LB
D pS o )8 A 09,5 sl ash gslle 5Slee  Sis
wWils G5 e b 3 (ogllas 5Sles LS & (B
2 ol 2,8l &S o6l g 48,5 sls B og,S o aiils
0ot 9 335 (o0 )8 C oS ) wiil awily i Lae
2 il 4 o o0y j0 s 3,Sles oS L)
e picelie (1) 55658 a5 5l x5y 0 )8 D og S

LY R
Mg oS dgie Jelge (piete Ao Sl (Suis
3 eslazel LBl e Wy bl jl (o)l » (£l); alS
2 colls gl )Kaly des I (Sid 4 oo sl
cos (Ale (V) s Sles p ble @l ialS
SN e & g S bl 4 (S5 5
bawgio b olpl (VF) ail yio Joo 04+ il 1S bl 4Vl
) Saedmolinel (i 5 sk VEo (S5
YO Gl sy Sl lawgie b o (il Guios pb!
pi5 &8 bl I sile 2y ol g seke
g Cunl 1928 (s Sopltal g (2l)) Jpame (2o
oebadl olS cpl cuiS ) jeuiS jl awy pdew &Yl
I Sais i a4 paS pB)l Joo yp W el e
Slp B gl ol 039y da g Dy50 diinen (o015 8D
el (Mol )5 cus kb (g4l
e bl pB)l oy gslings Laly) 5 (Sifests
Wiyl dbs e gy cwl S (S i (VYY) col
Lulyd 3 05 5 g2 paiS plad (G > iy 3lisT olS
1 el dsly ls slaw a4y yudey il 0 Slae S i
i a8 gloj x2S 0y9d Job jo cildllas gl
oot (6350301 (V) Cunl adly 37505 29 0 dloo) &l
Do bl 3 8y Sy 5 Slae s ol e |y S5

1- Fischer


mailto:M.Kakaei@Pnu.ac.ir
https://www.openaccessjournals.com/
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
http://dx.doi.org/10.61186/jcb.15.46.189
http://jcb.sanru.ac.ir/article-1-1418-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.189 ]

AR

g (23 Wl dspo LS LS elide 3 ) VY
A e pBy w0 Slee iy jlam i8S
Luly, 5 olitl b Sits oo 5 Comslus sloasls
oo pasls (Ve) e comlus ja3ld) Y o
U5 Jes sl (F+) ot ke pasls (F4)
xS a3l (3) ot (ooitn (xSl pasli (4
0555 4 Jo5 5L (1F) 3kae bl (3] Kige o
0B S gk g (A) G5 kb > Al
(09) et 5 o ol () S 4 ol
Jos sl gasls y (0) 3fhee (6l sl
B dole (V) 4 V) O¥) LSt

oSt 5 by > 3Slac g Jad o pails o
29438 dbre ool la Sturen (S35 (9
bl Joo (slapadls da Siuser cpl Jbs ol
o5 llpd 93 e 3 a5 adls cppoglas g Nad
b oVl Stren b (S G gk g S
e ol 5l am ol 9 Ko ,5 Ll wog 5, Sles
b (i 4 Joxio lcwis] gmsd Gl dagasls
A5 odlitwl (gdns dus j0ged 3l Lo 50y 0 YU 5 Slas
2570 S35 2 SbS AT gy bme 3 0 Sles o 3 &S
P s e sy 3 b5 lazee )3 3)Shee X
Ol Y e g9y p Bb 0dd bl glaadls
S8 g o dw o bulgy Ginled cas (1) A el
5 5 (B, C and D) og,S plo jl A 09,5 (13505
Sl sl il plois e 050 JaSlE (gaedgw
@ XZ gaw (iS4 Jooxio g Jparme p (lacs
D5 C BA 055 oz 4 blite bolad (1038 dlows
Llgy b (samdw jbges S5 ) oS oloxl I g 05 pund
Olojor dallas Cup 3900 (gw)p Olgicen |y e 4w o
Slie O Gl oy haled it e e
dl.am.)b L)“")’L" )’1 odlatwl b 0 puxilo N> L;Lm 4
g bossl on by oes oy padli-csy;
e Sly S8 S (S 4 Jood sl adle
Sy oodly g g a0 plol SIS (YY) WS
g 28 @l () €85 )3 oy 390 Cp glaodld
)])‘élrc).? )‘ Lg)Lol Lgl.mg)‘:gd P rcl:gr.i‘ 9 ool J.JDU
5 0dliiwl V4 aswws Minitab g V¥ aswws SPSS

2 b oSlas oolw Luibly ajes I dlols mls

Sogadld 5 (S G5 Geh g (S A5 ks
Gl e 350 pBl ST 0h s (Sis a Jeoo
Jold) (S5 2 oo lapasls 1 5 ald 5 Slec
KISTI ATI HMAGMPMP STI o yadls
sl b gxe BMBI Suen L (STS 4 YI .TOL
eyl cglite Joall uSe oniad i glas ol (¥ Jois)
PS5 05)] (rm (SH55 £95 2929 9 gk AT 4 Cund
sl aslis 5 ab 5Sloe yolie Wil o adllas 3y50 ()b
OB Lulyd )3 adlas 390 pAS PSS Joodie

ELLTES
VEY il /85 oyl /ol Jlo /el LS o3l daluings,

Wog,S ,Su5 J1 1y A 09,8 sl ol 45wl o bl
a3l o pculie a5 58 Gly (V1) 56,8 ST olelis
(STI) (o5 Joos padls A 095 pB)l (plulid sl
(SSI) (25 &y ol a3l (V+) V990 9 pied il oo
o5 a3l (W) "okl 5 hjy 38 Sleadyy )
390 (Byme |y (MP) lawgio ()90 00 pa3L3 5 (TOL)
o 1Nl plais ot )50 pasls (1) a8
My owin 5:0ke a3l iy 1) (GMP) ()90 0
4 s pla 4 weBe o S0l5e by L) (GMP)
9 40yj0 Lo )3 Wlgi oo (A5 &S e cpl 4 9y 00 )
(W) 8L jesite 03 5 g5 i I cilisee (glalo (b )
blase G 3 Shos ©oliS ©yg0 4 (TOL) i Joos
4 (MP) Mg xSk 5 (YD) 55 g9 5 (YS) i
(YP) A5 oghe 5 (Y5) (a5 28des (p0ke &0
boewy opl 4 badls plo Vr) cul oad oy
Ailoss 03)5] Y oyledd Jodn 0 cuwlio prud el 5 Jooyd

F o (Sid G5 4 Jood L)l pimgg nl Jl Sua
Pyl QB g 0218 5 e puS B > (2SS Ay
GFIRl g cwle Qleld (Sis 4 Jedia
byl o Lallgy 0 (0 (2 9 (S 4 Jooiite sla Sl
ol e eal olpar glaasly p> edlitul jlatea
Dy pAS o dsly 40 5 Sloe

W g, 9 39
Ob pS > 5 35 pB)] (Siiegl (sw)p sslated;
5 (St &y Ja oS ln a3l adlas () Jpio 5)
S doge ey (S 4y Jaie g8 luli
@l g (555liS Sliios Sy Sl (b pAS 035 WY ol
b Jb o phleil S ans hes Gl (b
B opely ol (odmgm djgel 4s)ze > AF-VTAD
) L 5 S5 Ao g Jine alsp 5 ool Lyl b sbll
YF U addo YO g )0 V¥ Hlie oy byd o 1 20 VSV
o AL aids 0 o ¥V g Jlad oy0 4d B DA g 4
3 55 Glefl 43,5 bl (oo o3 Jgb 4555 VA 5
9059, \¥ 0)9> g0ty ddlaie Jgeso illas (gylol Lailyi
0)9> Sl B (235 5l dl>ye 3 o)kl gl Ll
S5 dw o Bolas ol slaSsl 7 )b B ) ol us,
Jolis cpo (giwodlel Cillos u plos! ABls ygo &
Mo+l (BlogS Caz g S5 Do (135 Sad g o
295 S 53 pySokS Vee luda gl 3957 S )3 oS olS
iy g 255 iS5 4SS Ve g posigdl i
Olyie 4 oygl 355 USm )3 p gk Ve v g S s 1
A odlawl dBlw il e alsye (gl o Syw 2oS
bypdy plsl olopll Llsl 0 (s> Syg0 4 o cutS
o S b 4 el b b Jold (bl gl S
53 i Yoo CtlS 15 L e o Yo ol Ly
b Sp o i sbdile JuS Oldes 39 @ye i
Sllos g )l )3 28 Ve (i 4 Hllg]S 48 il
Jadeds Puma super lbwg SO )b i slacale s

1- Fernandez 2- Fischer and Maurer

3- Rosielle and Hamblin


http://dx.doi.org/10.61186/jcb.15.46.189
http://jcb.sanru.ac.ir/article-1-1418-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.189 ]

8 e

ay B Ay | gy (SiS 15 @ Jodie ()6 paS i g 8 )] Gl

Lo STS 4 K2STI KISTI ATI HMA.GMPMP

Table 1. List of bread wheat varieties used
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Growth Type Cultivar Name No. Growth Type Cultivar Name No.
Winter Navid 8 Winter Besostaya 1
Winter Winter Roshan Backcross 9 Winter Peshgam 2
Winter Zare 10 Winter Saysoon 3
Winter Sorkh tokhm 11 Winter Gaskogen 4
Winter Shahreyar 12 Winter Shahpasand 5

Winter-Spring Toos 13 Winter Mehan 6
Winter-Spring Alvand 14 Winter Omid 7

Table 2. Name of studied drought tolerant indices

1—-(Y./Y - s
SSI = y OB & Cgmlus (jadls (1)
1— (YS /YP ) Stress Susceptibility Index (SSI)
TOL =Yp - Ys =3l @)
Stress Tolerance (TOL)
Y5+ Y, S0 (e el
_ S 2 O 3
MP = 2 Mean Productivity (MP) ®
STI = Yix\z(p s Jooo ua>Lu') )
Yp Stress Tolerance Index (STI)
GMP = /(¥s x Yp) 1900 din (ke jab L )
Geometric mean productivity (GMP)
HMp = 2YpxYs Sigeyln u:i;ha ol ®)
\‘({WYS Harmonic Index
s
Yl == L
% 2Slee aild @
yield index (YI)
O bl Cod Al s Qi 4 oo jadli
() ¢
K;STI = 55 X STI . . o ®)
(Yp) Modified Stress Tolerance index in without
drought stress
()2 Oi bl cod Al pesd (5 4 Jeod asld
K,STl = == x STI Modified Stress Tolerance index in drought )
(Ys) stress
Ys
B (Tp) S b Gl L);»Lf: (10)
DI'=Ys x Ys Drought resistance index
Yp— Y5 e a L asls
ATI = (/=) x GMP U L (an
X_ (Abiotic-stress tolerance Index (ATI))
YSI=E ] 3 Sles d)balg sl (12)
Yp Yield Stability Index (Y SI)

STS=GMPstd+STIstd+HMPstd+MPstd-

TOLstd-SSIstd-bstd

St Jozs  pdjlael (adli

(Stress Tolerance Score (STS)) (13)
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Yp and Y are respectively the grain yield in the conditions without drought stress and drought stress, and Yp and Ys are the average yield in the

conditions without drought stress and drought stress, respectively
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Table 3. Analysis of variance of yield under drought
tolerance indices for the cultivars in this study

stress and non-drought stress conditions and drought

Mean of Squarescile yo ,:S5ke AESH CHVIE PN
GMP MP ssI TOL STI YsS YP Degree of Source of
freedom variation
180432.202 218071.238 0.208 1822852.571 0.010 290066.667 105702.095 2 )‘)SJ
Replication
1711030.796 %% 1777797.203 %% 0.053"8 990471.304" 0.088* 1220362.088* 2830467.971* 13 Soss
Treatment
709545.233 757871.61 0.042 551141.238 0.038 539984.615 1251329.223 26 alzdd
Error
STS K2STI DI YSI KISTI ATI YI HAM
145666.8264 0.016 0.22 0.027 0.099 2.363 0.015 181894.244 2 A
Replication
4934132.116%% 0.393" 0.026™ 0.007™ 0a00®E  2705%% 0.062%% 1663061 %% 13 oS
) Treatment
2179097.179 0.225 0.025 0.005 0.171 1.069 0.027 677613.202 26 alzdd
Error

2oyd ) g a0y 0 Jlein] maw y3 )b iae g 55 gxe pé cuipa ¥F g S

ns, *and**, Non-significant and significant at the probability level of 5% and 1%, respectively.
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Grain yield and drought tolerance indices of the studied wheat cultivars under drought stress and .Table 4

conditions non- drought stress
STS KISTI ATI YI HMP GMP MP TOL STI YS YP plilolad

Cultivar Number
9950.18  0.95 9351947.64  1.14 599525 611099  6229.16  2391.66 0.788  5033.33 7425 1
10646.5  1.13 1004695382 121  6366.37  6479.54 6595 2430 0.878 5380 7810 2
9877.59  0.91 9057506.82  1.13  5941.08 605592  6173.33 235333 0.775  4996.66 7350 3
8666.82  0.48 6592661.37 099 5161.63 5260.40  5361.66  1956.66 0.576  4385.33 6340 4
8828.81 095  1208758.934 1.02 567591 5880.10  6092.50 3145 0.727 4520 7665 5
9921.79 120  1192906.635 1.13  6168.17 6330.19  6496.66  2906.66  0.85 5043.33 7950 6
913595  0.72 743227124  1.04 5436.44 5526.66  5619.16  2011.66  0.661  4613.33 6625 7
607043 023 618221320 0.7 394541  4101.62 4265 2996.66 0353  3116.66  5416.33 8
895536  0.72 9210922.07  1.03 552490  5660.67 5800 2506.66  0.671  4546.66  7053.33 9
9364.36 147  1676772.667 1.09 624431 653391  6837.50 400833  0.893  4833.33  8841.66 10
745722 0.34 6216661.14  0.86  4580.97 4688.72  4799.16  2031.66 0463  3783.33 5815 11
784123 035 5445961.99  0.89 467545 4772.54  4872.50 1805 0.484 3970 5775 12
6900.05  0.46 8833715.04  0.81  4484.89  4701.28 493533 373733 0472  3566.66 6304 13
8594.04  0.67 8008198.83  0.98  5240.11  5357.72  5478.33 224333  0.622  4356.66 6600 14

ool ol ¥ ojled Jgdo 3 (Suid b b je sla (adli elul 038 JS5

The extended form of the names of indicators related to drought is given in table No. 2.
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Table 5. Principle component analysis for drought tolerant indices

ooy kg e alye
Variance  eigenvalue  component
YSI  STS ATl DI K2STI _KISTI __YI __HOMP __GMP __MP ___SSI __TOL _ SII
0017 0284 0251 0225 0298 0303 0289 0306 0309 031 0015 018 031  0.693 10.394 !
0481 o188 0271 g3pg 0L 0089 5449 007 g036  goo1 0469 0371 gy 0994 4513 2
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The extended form of the names of indicators related to drought is given in table No. 2.

o pas g i bl b 50wl 5 Sles

b (i 4 Jooddo (slapabld (Stumad colps = F Jorr

Table 6. Correlation coefficients between drought tolerant indices and grain yield in stress (Ys) and non-stress (Yp)

conditions
K2STI KISTI ATI STS SST DI MP HMP YI STI YST GMP TOL Ys Yp

1 YP

1 0.762%* YS

1 0.165 0.765%* TOL

1 0.484%* 0.942%%* 0.934%* GMP

1 0.008 -0.85%* 0.337* -0.34%* YSI

1 0.019 0.995%* — 0.471*%  0.941%*  0.935%* STI

1 0.942%* 0.337* 0.942%* 0.165 1** 0.762%* YI

1 0.967**  (.993%* 0.090 0.996**  0.407**  0.967**  0.899** HMP

1 0.984%%  (,909%* 0.99%* -0.077 0.996**  0.561**  0.909%*  0.962%* MP

1 0.077 0.091 -0.337* -0.020 0.71%* -0.008 0.853%* 0.337* 0.34* DI

1 1** 0.077 0.09 -0.337* -0.019 -]E* -0.008 0.854%%* 0.337* 0.341%* SSI
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Figure 1. Selection of drought tolerant genotypes using Stress Tolerance Index (STI) and Geometric Mean
Productivity (GMP)
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Figure 2. Bi-plot diagram of the first two components of principal component analysis of drought tolerant indices in
bread wheat cultivars.
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