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Abstract

Introduction

Terminal drought stress represents a major threat to wheat production in Iran. Developing
cultivars with enhanced drought tolerance is therefore a key objective of many wheat
breeding programs. In most regions of Iran, bread wheat cultivation is subjected to drought
stress during the grain-filling period, one of the crop’s most sensitive developmental stages.
To assess crop responces, various indices have been developed, including the the tolerance
index (TOL), mean productivity (MP), geometric mean productivity (GMP), harmonic mean
(HM), stress tolerance index (STI), stress sensitivity index (SSI), yield index (Y1), yield
stability index (YSI) and relative stress index (RSI). The effectiveness of each index depends
on the specific breeding objectives and the characteristics of the target environment.

Materials and Methods

This study was conducted over two consecutive cropping seasons (2022-2023 and 2023-
2024) at the Gonbad Agricultural Research Station. To evaluate thirty bread wheat lines and
cultivars under terminal drought stress, two separate experiments were conducted in format
of split plots design within a randomized complete block framwork, each with three
replications. Two levels of irrigations [normal moisture and terminal drought stress] were
assigned to the main plots, while the thirty genotypes were randomized in the subplots.
Drought stress was imposed by withholding irrigation beginning at the full heading stage.
Based on grain yield under normal (Yp) and stress (Ys) conditions, the following indices
were calculated: mean productivity (MP), geometric mean productivity (GMP), harmonic
mean (HM), stress tolerance index (STI), stress sensitivity index (SSI), yield index (Y1),
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tolerance index (TOL), relative stress index (RSI) and yield stability index (YSI). Data
analysis was performed using iPASTIC and NTSYS software packages.

Results and Discussion

The results of this study showed that the mean grain yield across all genotypes was 5.219 t
ha™" under optimal irrigation and 4.129 t ha™" under terminal drought stress, corresponding
to an approximately 21% reduction under stress conditions. Correlation analysis of drought
tolerance indices identified mean productivity (MP), geometric mean productivity (GMP),
harmonic mean (HM), and the stress tolerance index (STI) as the most reliable indicators for
identifying drought-tolerant genotypes. Principal component analysis (PCA) showed that the
first and second principal components accounted for 63.64% and 36.24% of the total
variation, respectively. Furthermore, biplot analysis demonstrated that the majority of
drought-tolerant genotypes were closely associated with the vectors representing these key
tolerance indices. The combined use of a three-dimensional index plot and hierarchical
cluster analysis classified genotypes 9, 11, 17, 18, 19, and 20 as tolerant to terminal drought
stress, whereas genotypes 1, 6, 8, 12, 23, 25, 27, and 30 were identified as highly sensitive.
These drought-tolerant genotypes represent valuable genetic resources for wheat breeding
programs aimed at improving drought resilience. Their incorporation into future breeding
efforts is expected to facilitate the development and eventual release of high-yielding,
drought-tolerant cultivars for cultivation in terminal drought-prone environments.

Conclusions

Correlation analysis of drought tolerance indices revealed that mean productivity (MP),
geometric mean productivity (GMP), harmonic mean (HM), and stress tolerance index (STI)
were the most suitable metrics for selecting drought-tolerant genotypes. Based on three-
dimensional plotting, principal component analysis, and cluster analysis, genotypes 9, 11,
17, 18, 19, and 20 were identified as the most tolerant to terminal drought stress, whereas
genotypes 1, 6, 8, 12, 23, 25, 27, and 30 were classified as the most sensitive.
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Table 1. Characteristics of promising bread wheat lines and cultivars

z
o

Line/Cltivar

Pedigree
1 N-94-8 PFAU/SERI.1B//AMAD/3/WAXWING*2/4/TECUE #1
2 N-94-12 WBLL1*2/TUKURU*2/4/CROC_1/AE.SQUARROSA
3 N-95-6 KACHU/BECARD//WBLL1*2/BRAMBLING
4 N-95-7 SUP152*2/TECUE #1
5 N-95-15 BECARD/3/PASTOR//MUNIA/ALTAR 84
6 N-96-5 QUAIU*2/KINDE
7 N-96-15 MERCATO/4/FRAME//MILAN/KAUZ/3/PASTOR/5/WHEAR/SOKOLL
8 N-97-7 MERCATO/3/1447/PASTOR//KRICHAUFF/4/BAVIS
9 N-97-8 ND643/2*WAXWING/5/BABAX/LR42//BABAX*2/4/SNI
10 N-97-18 SUP152/7/TUKURU//BAV92/RAY ON/6/NG8201/KAUZ/4ISHAT
11 N-97-20 PASTOR//HXL7573/2*BAU/3/SOKOLL/WBLL1/4/HUW234
12 N-97-22 BECARD*2/PFUNYE #1
13 N-98-8 KACHU/SAUAL*2/3/TACUPETO F2001/BRAMBLI
14 N-98-14 KACHU/SAUAL*2/3/TACUPETO F2001/BRAMBLING
15 N-98-16 KACHU/SAUAL/4/VARIS/IMISR2, EGY/3/FRET2
16 N-98-18 BAJ #1/ALTIGO
17 N-98-20 SOKOLL/3/PASTOR//HXL7573/2*BAU*2/4/GLADIUS
18 N-99-4 KACHU//WBLL1*2/BRAMBLING/3/KACHU/KIRITATI
19 N-99-6 KACHU//WBLL1*2/BRAMBLING*2/3/KACHU/KIRITATI
20 N-99-15 NELOKI//SOKOLL/EXCALIBUR
21 N-99-17 NELOKI//SOKOLL/EXCALIBUR
22 N-99-19 KACHU #1/3/C80.1/3*BATAVIA/[2*WBLL1/4/KACHU/8/TACUPETO F2001
23 DHN-99-24 Pishgam/Kalateh/6 /NANJING2149/KAUZ/4/JUP/ALD"S".
24 DHN-99-29 Mv17/2*Mehregan
25 DHN-99-30 Kalateh/N-92-19/4/ATRAK//ATTILA.
26 Taktaz SAUAL/3/MILAN/S87230//BAV92
27 Tirgan \P/IZE,EL#I/\/I;IIO_OVEIL{/SF{%?E&/?AEGILOPS SQUARROSA (TAUS)/IBCN/3/
28 Araz VOROBE
29 Arman PBW343/TONI//TROST/3/SOVA
30 Kalateh MILAN/S87230//BABAX

S (539U Ol ol Ao j0 T (bl 9 (K30 SB ST -T Jou
Table 2. Soil physical and chemical characteristics in Gonbad agricultural research station

Organic Available  Available Total

Depth Ec Saturation pbH  Phosphorus  Potassium N TNV Clay Silt Sand Soil
cm dS.m? ercentage % % % % texture
( ) ( ) p g (ppm) (ppm) (%) ( 0) ( 0) ( 0) ( 0)

0-30 17 436 75 9.6 482 016 26 0 56 15 Sily-

Loam
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Table 4. Formulas for the calculated drought tolerance indices

index Abbreviation Formula Reference
Tolerance index TOL Yr—Ys Rosielle and Hamblin (1981)
Mean Productivity MP P ; ¥ Rosielle and Hamblin (1981)
Geometric Mean
Productivity GMP VYS % YS Fernandez (1992)
Mean Harmonic HM 2(YP + Y5) Bidinger et al., (1987)
(YS + YP) g "
YS xYP
Stress Tolerance Index STI —_— Fernandez (1992)
(YP)?
YS
L 1-Gp) .
Stress Sensitivity Index SSI s Fischer and Maurer (1978)
.
Yield Index Yl 75 Gavuzzi et al., (1997)
Yield Stability Index YSI i—i Bouslama and Schapaugh (1984)
YS
. 7p) .
Relative Stress Index RSI RSI = s Fischer and Wood (1979)
(=
YP
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Table 4. Combined analysis of variance for grain yield of 30 bread wheat genotypes
under normal and drought stress conditions

SOV DF Mean Squares
Year 1 53.01"
Erorr (a) 4 6.59
Irrigation 1 64.07"
YearxIrrigation 1 15.00"
Erorr (b) 2 0.54
Genotype 29 1.26™
GenotypexYear 29 155"
GenotypexIrrigation 29 0.34"
GenotypexYearxIrrigation 29 0.31™
Erorr (c) 174 0.37
CV (%) 14.12

PAS S W) 5o Jad Sl (Kis i cod Joow S ol polie -0 Joue
Table 5. The values of drought tolerance indices under terminal drought stress in wheat genotypes
Genotype  Yp Ys RC TOL MP GMP HM SSI STI Yl YSI RSI

Gl 4681 3900 1668 078 429 427 425 080 067 094 083 1.05
G2 4786 4446 710 034 462 461 461 034 078 108 093 117
G3 5475 4158 2405 132 48 477 473 115 084 101 076 096
G4 5607 4135 2625 147 487 482 476 126 085 100 074 093
G5 5570 4217 2429 135 489 485 480 116 086 102 076 096
G6 4433 3793 1444 064 411 410 409 069 062 092 086  1.08
G7 5515 4122 2526 139 48 477 472 121 083 100 075 094
G8 4826 3947 1821 088 439 436 434 087 070 096 082  1.03
G9 5894 4419 2503 148 516 510 505 120 096 107 075 095

G10 5,604 4100 2684 1.50 4.85 4.79 474 1.28 0.84 0.99 0.73 0.92
G1l1 6.248 4.814 2205 1.43 5.53 5.48 5.44 1.10 1.10 1.17 0.77 0.97
G12 4756 3.750 21.15 1.01 4.25 4.22 4.19 1.01 0.65 0.91 0.79 1.00
G13 5131 4106 19.98 1.03 4.62 4.59 4.56 0.96 0.77 0.99 0.80 1.01
Gl4 5.645 4178 2599 1.47 491 4.86 4.80 1.24 0.87 1.01 0.74 0.94
G15 5.166 4.445 13.96 0.72 4381 4.79 4,78 0.67 0.84 1.08 0.86 1.09
G16 4501 4.342 3.53 0.16 4.42 4.42 4.42 0.17 0.72 1.05 0.96 1.22
G17 5,619 4.730 15.82 0.89 5.17 5.16 5.14 0.76 0.98 1.15 0.84 1.06
G18 6.030 4.102 31.97 1.93 5.07 497 4.88 153 0.91 0.99 0.68 0.86
G19 6.247 4.238 32.16 2.01 5.24 5.15 5.05 154 0.97 1.03 0.68 0.86
G20 5801 4.665 1958 1.14 5.23 5.20 5.17 0.94 0.99 1.13 0.80 1.02
G21 5456 4308 21.04 1.15 4.88 4.85 4.81 1.01 0.86 1.04 0.79 1.00
G22 4871 4297 11.78 0.57 4.58 4.58 457 0.56 0.77 1.04 0.88 1.12
G23 4309 3.264 2425 1.05 3.79 3.75 3.71 1.16 0.52 0.79 0.76 0.96
G24 5.007 4117 17.78 0.89 4.56 4.54 4,52 0.85 0.76 1.00 0.82 1.04
G25 4517 3594 2043 0.92 4.06 4.03 4.00 0.98 0.60 0.87 0.80 1.01
G26 5.009 4.153 17.09 0.86 4,58 4.56 4.54 0.82 0.76 1.01 0.83 1.05
G27 4759 3.649 2332 1.11 4.20 4.17 4.13 1.12 0.64 0.88 0.77 0.97
G28 5.133 3.743 27.08 1.39 4.44 4.38 4.33 1.30 0.71 0.91 0.73 0.92
G29 5.005 4206 15.96 0.80 461 459 457 0.76 0.77 1.02 0.84 1.06
G30 4968 3917 21.16 1.05 4.44 441 4.38 1.01 0.71 0.95 0.79 1.00
Mean 5219 4129 2051

S W sl Y1 5 STI HM GMP MP i 4 e sl oSl
Lid Sis 554 Jeos B S ad g eSS 4 A0l i 4 e Slaasli ) p
@Bl oy (Pour-Aboughadarehetal., 2019) 4 L+ RSI 5 YSISSITOL slajasls 5k

el 8 o3 Ol 55w e Glaatls I ol slagatle )3 S Jb s il iS55 o Jemie



v

w8l (St 4 e gl e li 5,10l e 5 WS (6 5L

Sio-Se Mardeh et al.,) .,5T ool > &b

(2006

Joos la ozl 5 als s Sas 0 Lol (o2 61
3 el el (Stican ol 00T b (25 4
t-;:n«rbh uﬁﬁ) o (\ Jg‘:’) CAJ? )‘} J:la-] JJ}&
A S 5 g 5 435 4 2Nen (e
2365 5501 3 S laasl 33 5 o desloea laas y 5D
(St il g g il s Shos o 2asb ) Lol 5 53 o
STI sMP GMP HM (sl asls L 1 s _ms 5 e
K] HM GMP MP L;L:aum‘-l;; O ‘Qi\ 2 c})kﬁ Sl
o) 4 s 5 otaliie (g ls gmn 5 Caite  Stamen 3 STI
AT 5 sl glubs 53 0T CAB , 5se
O JS)as o

GMP MP S el G5y g w ol laasly
Ot Do b 35 4 Joos 5 5> STI sHM
Naghavi et) ol )Sar 5 555 S (5)5b 455 Sl sear
GMP MP (sla as-La 8" s 505 35 8 55 (@l., 2016
b s gne 5 e Siman 23y s 4 STI 5 HM
e 3 e O g A5 Ll S g3 a s dls s Sas
AT 4 S oot a5 55 sl ol a s
S a5 4 Jete ot Glac 55 glubd
Khojamli et al., ) s, % (Golabadi et al., 2006)
Ll Lug Omidi et al, 2015) LS , (2021
Dl 0k ST O K5,
STI Lol el p (Sumdw 31003

I (SNt A5 4 Jasie B i i 4
Gy & Sis o oo Gl asli oy e olels
O3 Lol 5 5 o 53 41> Shas b e Stmn 5Vl
L;l.au.aﬁ-l& Clmdw S350 51 clidg ONS 9 AS
(Gmdw (gla s gas (Y Ji.i) A oslazad o.xuu;.if
M@M D )C cB Aa}ﬁ)l@% m‘)h%}:}
sl A S Mp S Cul patls JTok) el
05,5 (Fernandez, 1992) uS™ jleze oy 8 ,lu 5l 530

oot o 55 RSI 5 YSI SSI TOL (gls el
O Gla s 55 5 s 5 5 Jamiie O 55 YT (Y V8
Jokin gy (St 5 4 i 55 0 F e 10 5 IA
S SSI s TOL (glaasls jowl yolis &8 glowT
ol el 25 5 55 0sb a2 5 Shas S Dol
s Ssle 4ty Side s Shil e el
NS 5 45 09k Jal o 93 2 50 ol 2 Ses b 6
ol e 53 5 g g o sllan 15 o8
s 55 Y1 5 STIHM GMP (MP (gls sl
o 55 p 5 Jemie O sieas VA 54 OV (Y e 04 01 ol
Gl Olgea VY 5 WV & X0 Y s
O Jst) s glabis Sis 25 4 i S 535
S o o Wl ol 5 ey Sl s, s
10 dalllae L (Mahdavi et al., 2023) ol ) 8es 5 g9
Y S AE e Y 5 o )
GMP MP sla asls 3 -y iV LURBWY T4
4 S F 55 Jeee Uses STI 5 HM
(Asadi et al., 2024) ol )Ken 5 bl A b S
S 3 g ol by 0 08 555V AT ) 3
Lol S 58 s S SIF b sl i o
b Jommio 555 gy 5 48 4l 5 Shas (g0 ,3 YO 2l
3 S Glakis (25 4 oo (sla_asls ulul
(S & Jood S el (Kot 50
ol oslisl b 25 4 Joseia o8 glulis
A5 Bl 933 Sles () balsy AL S (o
(Sooa 3,573 Lol b OISl ok i 5 25 05k 5
SF S 6 gl M5 e E 3 ne
Zebarjadi etal., ) 5,47 A2 S5 4 Jasis Sla S 5
A alss Sl L& glaatls (S5 g I (2016
dedims g0 0L @V Soas 25 09 5 25 Lol 3
ol g g s G S sy e et s oy g Ol
Lo g3 2 Vs Sles b glacs 55 4,36 b e la

u:a:JLs\jJL&\J;ELg‘)\j“g_»;jdu\:)d.ﬁ;&uub



VFr O Okl oF o)le FA Wl ¢ S Sl 5

)l;cejfjaﬁu%jjﬁu.m|>,i;Dej,?,;m
o) Jsd B s S sies 0lis (Y JS) s §
3in ) Sl ) B8l 55 a2 3 a5
ol 5 B Sl a5 55 ol 5 Shes (WL ey
o NS S 3B o5 8 5 S5 pa S oy
Jaitj&,;hséﬂ\f;)mgfjﬁ:j;j@as»;&om

b ails VU Sles 25 Ogd

tn
i

MP

o
8

@

o

Oy o 95 2 138 A8 o 20 B 1) glacssi A
23V Shee ol)15B oy & Vs Shee glyls 25 5 25
o5 Bl 3V s Sae (¢lf5C 05 5 ¢ 25 09 Lol 5
da Lals 95 a5 ol s Shee (s D oy
Basafa and Taherian, 2010; Moshattati et al., )
O ol ,5 s als 5 Shas (g 4w (sla 5505 (2013
0L 25 4 foond (sl el lia y3 (S 255 2
50T AFFAAVAAY DY Glacs 554 Ll

SO AN AY YO F O glacsiss sA s 8 55 (T

. -
sl 0

. N

STI
Correlation
e
05
0.0
05

.-1.0

Jad lgll  Kis i Iyl b Cod 410 8 Shos Cdo 38 S 4 Jood (S e Ll w90yl (S -1 ICH
Figure 1. Spearman correlation coefficients between drought tolerance indices for grian yield under
terminal drought stress

STI el b fad (Slgnsl (Kl (had 9 (il 09 Tl yd 3 418 & slos (Suhmdw Hlgos —F JCo
Figure 2. Three-dimensional plot of grin yield traits under terminal drought stress conditions with STI

WS;!;omwléudyqqﬁ@u

o basls JS Olad e 3 pss 5 Jsl s

index

206 ol g ol saddlae 4 420
O 4 o Sl as Lo



vy

w8l (St 4 e gl e li 5,10l e 5 WS (6 5L

sl esls (Asadi et al., 2024) 55 b s s
4 S 452Ul o> STI s HM (GMP (MP
sasils opl & Loy Al S s o
B O g CTLY:> (T oo
35 La=ie yb 4 (Zebarjadi et al., 2016)
3lie 5 Gdman o gas plal a8 Y VY O g
WLl at bl fomee Glacs 55 Ol gea b e ls
HM 5 STI GMP (MP (gla jasls &) slome 53
bshs blg) @ g L0 JS8) ausls )3
s painte SNl SSIE ke s sl
03 4l 5 Shae m Golsgne 5 Cuie  Kianer S
GMP MP L (YS) 25 5 (YP) _is 03 Lol 2
YU LS sasolis 5 als 5 e s HM 5 STI
G5 5 AT Os ksl 8 55 8 53 S e sl e Lo
o gt e Soman i ol St
A5 odalin YSI s RSI sla_asls L TOL 4 SSI
O e 555 Y adlllan cdlarly rmn 55 (1 JSC2)
44 75 Oy Gl s ol 55385 5 o B1 s
MP gla o ls &S Conl osls Ol Lol (slaadd 3o
L oY s e Soeen STI 5, HM GMP
4:,:|>u:,;:o,.\i,u:~sjailfzﬁ¢.uf4;|; 5 Shes
ad) 3o 4 4 205 3l eslizal (Asadi et al., 2024) el
T PG P P FOVE P D RPI
Naghavi ) o6 euS 55 25 4 Jeste slacs 55
TIE C.x;?j (et al., 2016; Lal et al., 2024
Talebi et al., 2009; Saeidi and Abdoli, )

el 43 8 15 eslinul 5, 4e (2020

S sl 3155 Lo 3 YRINE G O¥/FF L Ll 5
S O 5 0 ez B, S i 4l 3o 53 !
o gad y3 sy u':“iur")’.-’}“" Sy got |y OT
Sope b g F JSE) 4 ol I el
3 3,8 o B Slased Tl 53 paiie dbi &S
2y on el 4l g0 33 0l p3lie el OT Zosd e
Sl yuis 31 Ao ys A4/ Jl ad 5o 9o (§ gas
sasilis & WS s 4 g 1) baesls 43 5
Sleds oo 5 Sl sl adlse 5o ol S
Arab et al.,) oL 5 O Cwl s s
A 5o 55 4 e sl e s adlls L (2021
NV Iyl adlgn 3345 3,8 o5 06 paS Y
shils dgl ol a0 350 a5 1) O ois Aoy
G5 0l ps 535 Shae UYL 5 ke S
ol 1 5 STI s GMP (MP gls sl 5 (YD)
S T 1wl 25 4 Jesw sms0lis adl 3o
i o A gl bbesls ol YL ke
AV G555 6 @ by e sl el Sl 4
555 0T i Joo 5 VL 5 Shee Sl sy
Gl el 55 pss adlge 55 .l a4
S ol 5 ails 1 olae o YL SSITOL
I el a5 50 b asla ol ml slie
s a5 abls ASTE 25 4 Sl el o
SN A 4 5 e 55 el 5V 4l e
oL (Zebarjadi et al., 2016) s, Jals
s sdaolis (P JSK8) SNl sy b 55

o b sl (S 5 1515 5 g



vy

VE 0 Olanls oF oyles FA Wl ¢ LS Sl 5

=G23

25
+G25

3

=

o

-]

2 0

2

o =

[&]

o

25

=G16

0

25 5

PC1 (63.64%)

S Sl (K i tyl i oo 9l ol e 95 DML gt IKH
Figure 3. Biplot plot of the first two principal components under terminal drought stress conditions

pam Al )3 ) SA O F Y VYO Y Ll
D o35 53 st lajlssei 53 & A S )3
O O 9 A Ll s es e s g aals )
A5l Wl 55l 4 S (5 a8 5 Sas

Sloatls plul p bidss Glads 4 s
Naghavi et al., ) o6 aS 53 Sos 4 Jos
Saeidi and Abdoli, ) 55> <..u§ 5 (2016
las 3 ol 4 S 15 eslizul 3,40 55 (2020
o S ol ST Sl YT (s b S0
el o Jad sl gl f 5 (S gla i
ol sl 4 4T s Gl a4 ml
S Jemze TS49 L5 & Sl o )15
ol ()55 5 (S 5 Ll 3 55 a4 G )
(Gaikwad et al., 2025)

Szl polio wlul » JWdls 4 25
o 4 o
bu;’gy;‘,quﬁ;ty\ﬂtf,,.u;
S e e sbels U
4 b 55 bl al (P S8 5 87 ey 5
L sk A by B e ol A g 4
L s g SEalen Lo 55 (sobman (5Ll a5
358 AN AV Y Gla g5 els Il
2 St Gl goi 3 G55 SR ol (Ko
DA sy Loy w8 S5 A 8
N0 s g JnLi £33 Ad g Ly [EYEp
AZ F VO F N AF Y YA Y YF YPYS
bt ol Glaids) e s Yo YY
25 k58 15 C 058 55 sman slajls e

bos s plodzil gibe s Sles 25 Ll 2



vy

w8l (St 4 e gl e li 5,10l e 5 WS (6 5L

—

T k T T T T
103 1
Cosfficient

O 4 o S L wll 3 Ob PAT Cwigil Te (SlAlgs 4 1 I ol p 59 s - IKh
Fog 4. Dendrogram resulting from cluster analysis of 30 braed wheat genotypes based on drought
tolerance indices

Jolse b o35 s L LY Sy
U PRI G W BTN PR N SN
s slss K5 ooy Kk gl
sl (Ko 25 b gl i gl

3,8 515005 lES Hlastl ys 5 b jae Juad

S ol
Olidios A fo D goae 055 Jool dlis o

AR EA T L )"L. s g g C)La‘
05351 OLen 4S5l Al s 3L o + )1 V5]
gl s iaslis Soosel s Olidos S e 50 M
33 Al (5, K0n S 4 OdE Oliul ab

'%T@J*’ng*uﬁﬂvwcu—u)jg ol sl

S 5 dom
d":owﬁﬂ-&o—l‘@uu—l{)}ig
25V HM s MP GMP STI sla jesl s
Oads Ll o 53 a s 4l ;ﬁww)@
wb|j.wl:J@6L€_ﬁ\6§‘3Jw}ﬂ
G Jeod Gl esli s Glajloged o
(lad s w5 Lol glaad 3o 4 4 o (S
Olssad s WA AY O 08 A o)l slacs 55
A Y XD N oyl Gl 55 5 o5 Jaeie
4 Cand S §5 0 f e Ol gea YV 5 ¥ A
S e g Lk glils Sis i
oY (Far o2 Ll Jain slars i

T Ole S & 555 g0 Lasl cden dudl



Yo

VFr O Okl oF o)le FA Wl ¢ S Sl 5

References

Arab, S. A., Mohamed, M. M., & El-Shal, M. H. (2021). Identifying wheat stress tolerant genotypes among
some bread wheat accessions using different drought tolerance indices. Journal of Plant Production, 12(7),
813-818. https://doi.org/10.21608/jpp.2021.84334.1043

Asadi A .A., Amini, A., Babaie, T., Eivazi, A. R., & Qudsi, M. (2024). Identification of genotypes tolerant to drought
stress in wheat using quantitative indices in different regions of iran's cold climate. Journal of Crop Breeding, 16(1),
17-31. https://doi.org/10.61186/jch.16.49.17 [In Persian].

Basafa, M., & Taherian, M. (2010). Evaluation of drought tolerance in Alfalfa (Medicago sativa) ecotypes
using drought tolerance indices. Environmental Stresses in Crop Sciences, 3, 69-81.
https://doi.org/10.22077/ESCS.2010.84 [In Persian].

Bidinger, F. R., V. Mahalakshmi, G., & Rao, D. (1987). Assessment of drought resistance in pearl millet
(Pennisetum americanum L. Leeke). Estimation of genotype response to stress. Australian Journal of
Agricultural Research, 38, 49-59. https://doi.org/10.1071/AR9870049

Bouslama, M., & Schapaugh, W. T. (1984). Stress tolerance in soybean. Part 1: Evaluation of three screening
techniques for heat and drought tolerance. Crop Science, 24, 933-937.
https://doi.org/10.2135/cropsci1984.0011183X002400050026x

Farayedy, Y. (2004). Evaluation of drought tolerance in Kabuli chickpea genotypes. Iranian Journal of
Agriculture, 6, 27-38. https://journals.ut.ac.ir/article15668.html [In Persian].

Faroog, M., Hussain, M., & Siddique, K. H. (2014). Drought stress in wheat during flowering and grain-filling
periods. Critical Reviews in Plant Sciences, 33, 331-349. https://doi.org/10.1080/07352689.2014.875291

Farshadfar. E., & Amiri, R. (2017). Assessment of drought resistance in different bread wheat lines using agro-
physiological traits and integrated selection index. Environmental Stresses in Crop Science, 11, 79-91.
https://doi.org/10.22077/escs.2017.189.1046 [In Persian].

Fernandez, G. C. J. (1992). Effective selection criteria for assessing plant stress tolerance. In C. G. Kuo [ed.],
Adaptation of Food Crops to Temperature and Water  Stress, pp  257-270.
https://www.cabidigitallibrary.org/doi/full/10.5555/19951607124

Fischer, R. A., & Maurer R. (1978). Drought resistance in spring wheat cultivars. I. Grain yield responses.
Australian Journal of Agricultural Research, 29, 897-912. https://doi.org/10.1071/AR9780897

Fischer, R. A., & Wood, T. (1979). Drought resistance in spring wheat cultivars I1l. Yield association with
morphological  traits.  Australian Journal of Agricultural Research, 30, 1001-1020.
https://doi.org/10.1071/AR9791001

Gaikwad, K. B., Mazumder, A. K., Kumar, M., Singh, A., Ansari, R., Saifi, N., Joshi, M.A., Babu, P., Vikas,
V. K., Singh, S.K., & Yadav, R. (2025). Evaluating heat and drought resilience in ancient Indian Dwarf
wheat Triticum sphaerococcum Percival using stress tolerance indices. Scientific Reports, 15(1), 1-22.
https://doi.org/10.1038/s41598-025-02502-0

Gavuzzi, P., Rizza, F., Palumbo, M. R., Campaline, G., Ricciardi, G. L., & Borghi, B. (1997). Evaluation of
field and laboratory predictors of drought and heat tolerance in winter cereals. Canadian Journal of Plant
Science, 77, 523-531. https://doi.org/10.4141/P96-130

Ghaffari, A. & Jalal Kamali, M. R. (2013). Wheat Productivity in Islamic Republic of Iran: Constraints and
opportunities. In: Paroda R. (eds.) Proceedings of the Regional Consultation on Improving Wheat
Productivity in Asia. Bangkok, Thailand. pp 98-11.

Golabadi, M., Arzani, A., & Mirmohammadi Maibody, S. M. (2006). Assessment of drought tolerance in
segregation population in drum wheat. African Journal of Agricultural Research, 1, 162-171.
https://doi.org/10.5897/AJAR.9000070

Jalilifar, M., Rahnama, A. & Abdolshahi, R. (2025). Responses of morphological, phenological and yield traits
of wheat cultivars and early maturing near-isogenic lines to irrigation cut-off at reproductive growth stages.
Cereal Research, 15(4), 351-367. https://doi.org/10.22124/cr.2025.31509.1878



https://doi.org/10.21608/jpp.2021.84334.1043
https://doi.org/10.61186/jcb.16.49.17
https://doi.org/10.22077/ESCS.2010.84
https://doi.org/10.1071/AR9870049
https://doi.org/10.2135/cropsci1984.0011183X002400050026x
https://doi.org/10.2135/cropsci1984.0011183X002400050026x
https://journals.ut.ac.ir/article15668.html
https://doi.org/10.1080/07352689.2014.875291
https://doi.org/10.22077/escs.2017.189.1046
https://www.cabidigitallibrary.org/doi/full/10.5555/19951607124
https://doi.org/10.1071/AR9780897
https://doi.org/10.1071/AR9791001
https://doi.org/10.1038/s41598-025-02502-0
https://doi.org/10.4141/P96-130
https://doi.org/10.5897/AJAR.9000070
https://doi.org/10.22124/cr.2025.31509.1878

vY§
w8l (St 4 e gl e li 5,10l e 5 WS (6 5L

Kargar, S. M. A., Ghannadha, M. R., Bozorgi-Pour, R., Atari, A. A., & Babaei, H. R. (2004). Investigation of
drought tolerance indices in some soybean genotypes under restricted irrigation condition. Iranian Journal
of Agricultural Science, 35, 97-111. https://jijas.ut.ac.ir/article_17581.html [In Persian].

Khojamli, R., Zaynali Nezhad, K., Nasrollahnejad Ghomi, A. A. & Bagherikia, S. (2021). Evaluation of bread
wheat genotypes under drought stress conditions in seedling stage using drought indices. Environmental
Stresses in Crop Sciences, 14(4), 887-899. https://doi.org/10.22077/escs.2020.3202.1820 [In Persian].

Kianpour, S., Rahnama, A., Monsefi, A., & Abdolshahi, R. (2024). Evaluating morpho-phenological and yield
traits of bread wheat cultivars and near-isogenic lines in response to terminal heat stress in Ahvaz, Iran.
Cereal Research, 13(4), 331-349. https://doi.org/10.22124/CR.2024.26382.1804 [In Persian].

Lal, K., Jatoi, W. A., Memon, S., Jatoi, I. A., Rind, S. N., Rajput, L., Khan, N. M., Khaskhali, I. A., Depar, M.
S., Lund, M. 1., Kaleri, M. H., & Sarwar, M. K. S. (2024). Wheat (Triticum aestivum L.) Drought tolerance
indices under water stress conditions. SABRAO Journal of Breeding and Genetics, 56, 232-245.
http://doi.org/10.54910/sabrao2024.56.1.21

Mahdavi, Z., Rashidi, V., Yarnia, M., Aharizad, S., & Roustaii, M. (2023). Evaluation of yield traits and
tolerance indices of different wheat genotypes under drought stress conditions. Cereal Research
Communications, 51(3), 659-669. https://doi.org/10.1007/s42976-022-00322-w

Mohammadi, R. (2018). Breeding for increased drought tolerance in wheat: a review. Crop and Pasture
Science, 69(3), 223-241. https://doi.org/10.1071/CP17387

Moshattati, A., Siadat, S., Alami-Saeid, K., Bakhshandeh, A., & Jalal-Kamali, M. (2013). Comparison of
wheat cultivars using indices of tolerance and susceptibility to terminal heat stress in Ahvaz. Plant
Productions, 36(2), 61-73. https://plantproduction.scu.ac.ir/article_10153.html [In Persian].

Murri, S., Emam, Y., & Surshojani, H. (2013). Evaluation of terminal drought tolerance in wheat using yield,
yield components and quantitative indices of drought tolerance. Environmental Stress in Crop Science. 5,
19-32. https://doi.org/10.22077/escs.2012.111 [In Persian].

Naghavi, M. R., Moghadam, M., Toorchi, M., & Shakiba, M. R. (2016). Evaluation of spring wheat cultivars
based on drought resistance indices. Journal of Crop Breeding, 8, 192-207.
http://dx.doi.org/10.18869/acadpub.jch.8.17.207 [In Persian].

Omidi, M., Siahpoosh, M., Mamghani, R., & Modarresi, M. (2015). Heat tolerance evaluating of wheat
cultivars using physiological characteristics and stress tolerance indices in Ahvaz climatic conditions. Plant
Productions, 38(1), 103-113. _https://doi.org/10.22055/ppd.2015.11135 [In Persian].

Pour-Aboughadareh, A., Yousefian, M., Moradkhani, H., Moghaddam Vahed, M., Poczai, P., & Siddique, K.
H. (2019). IPASTIC: An online toolkit to estimate plant abiotic stress indices. Applications in plant
sciences. 7, p.e11278. https://doi.org/10.1002/aps3.11278

Rosielle, A. A., & Hamblin, J. (1981). Theoretical aspects of selection for yield in stress and non-stress
environments. Crop Science, 21, 943-946. https://doi.org/10.2135/cropsci1981.0011183X002100060033x

Saba, J., Moghaddam, M., Ghassemi, M., & Nishabouri, M. R. (2001). Genetic properties of drought resistance
indices. Journal of Agricultural Science and Technology, 3, 43-49
https://dor.isc.ac/dor/20.1001.1.16807073.2001.3.1.5.8

Saeidi, M., & Abdoli, M. (2020). Genetic diversity evaluation for drought stress tolerance in bread and durum
wheat genotypes using common and new drought tolerance indices. Journal of Plant Molecular
Breeding, 8(1), 19-30.

Sallam, A. tolerance, Alqudah, A. M., Dawood, M. F., Baenziger, P. S., & Borner, A. (2019). Drought stress
in wheat and barley: advances in physiology, breeding and genetics research. International Journal of
Molecular Sciences, 20(13), 3137. https://doi.org/10.3390/ijms20133137

Sio-Se Mardeh, A., Ahmadi, A., Poustini, K., & Mohammadi, V. (2006). Evaluation of drought resistance
indices under various environmental conditions. Field Crops Research, 98(2-3), 222-229.
https://doi.org/10.1016/j.fcr.2006.02.001

Srivastava, J.P., Acevedo, E., & Varma, S. (1987). Drought Tolerance in Winter Cereal. 2°%. John Wiley Pub,
USA, pp 678.



https://jijas.ut.ac.ir/article_17581.html
https://doi.org/10.22077/escs.2020.3202.1820
https://doi.org/10.22124/CR.2024.26382.1804
http://doi.org/10.54910/sabrao2024.56.1.21
https://doi.org/10.1007/s42976-022-00322-w
https://doi.org/10.1071/CP17387
https://plantproduction.scu.ac.ir/article_10153.html
https://doi.org/10.22077/escs.2012.111
http://dx.doi.org/10.18869/acadpub.jcb.8.17.207
https://doi.org/10.22055/ppd.2015.11135
https://doi.org/10.1002/aps3.11278
https://doi.org/10.2135/cropsci1981.0011183X002100060033x
https://dor.isc.ac/dor/20.1001.1.16807073.2001.3.1.5.8
https://doi.org/10.3390/ijms20133137
https://doi.org/10.1016/j.fcr.2006.02.001

Yvv

VF O Okl oF o)le F& Wl ¢ S I 5

Sundari, T., Tohari, S., & Mangoendidjojo, W. (2005). Yield performance and tolerance of mungbean
genotypes to shading. Journal Pertanian, 12, 12-19.

Taghian, A.S., & Abo-Elwafa, A. (2003). Multivariate and rapid analysis of drought tolerance in spring wheat.
Assiut Journal of Agricultural Science, 34, 1-25.
https://www.cabidigitallibrary.org/doi/full/10.5555/20043093520

Talebi, R., Fayaz, F., & Naji, A. M. (2009). Effective selection criteria for assessing drought stress tolerance
in durum wheat (Triticum durum Desf.). General and Applied Plant Physiology, 35: 64-74.
http://www.bio21.bas.bg/ipp/gapbfiles/v-35/GAPP_v35_1-2 64-74.pdf

Zebarjadi, A., Asgar, S., Najafi, A., & Rezaiezad, A. (2016). Evaluation of drought tolerance of rapeseed
genotypes using drought resistance indices. Environmental Stresses in Crop Science, 8, 345-348.
https://doi.org/10.22077/escs.2016.248 [In Persian].



https://www.cabidigitallibrary.org/doi/full/10.5555/20043093520
http://www.bio21.bas.bg/ipp/gapbfiles/v-35/GAPP_v35_1-2_64-74.pdf
https://doi.org/10.22077/escs.2016.248

