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Effect of drought stress on physiological traits, grain yield and root morphological
traits of bread wheat (Triticum aestivum L.) promising lines and cultivars
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Effect of drought stress on physiological traits, grain yield and root morphological
traits of bread wheat (Triticum aestivum L.) promising lines and cultivars

Ezzati, R.%, Toorchi, M.2, Moghaddam Vahed, M.? and Roostaei, M.*
ABSTRACT

Ezzati, R., Toorchi, M., Moghaddam Vahed, M. and Roostaei, M. 2025. Effect of drought stress on physiological traits,
grain yield and root morphological traits of bread wheat (Triticum aestivum L.) promising lines and cultivars. lranian
Journal of Crop Sciences. 27(1): 57-75. (In Persian).

Introduction: Drought stress is a major limiting factor and the most important threat to bread wheat
productivity, particularly in the semi-arid and arid regions. Wheat (Triticum aestivum L.) is an ancient and
widely cultivated cereal crop. Bread wheat one of the most staple crops and plays a crucial role in ensuring to
food and nutritional security worldwide.

Materials and Methods: This experiment was carried out in agricultural research station, University of Tabriz,
located in Karkaj, 12 kilometers east of Tabriz, Iran in 2021. Plant materials included 25 promising lines and
cultivars of bread wheat, which were evaluated under full irrigation (30 mm evaporation) and drought stress (100
mm evaporation) from the class A pan treatments. The experimental desing was split-plot arrangements in
randomized complete block design with five replications. Physiological, and root morphological traits such as
canopy temperature, relarive water content, SPAD, biomass, plant height, peduncle length, number of spike
plant?, 1000 grain weight, number of grain.spike™, number of fertile tiller.plant, grain yield, root dry weight,
root fresh weight and root length were measured and recorded.

Results: Analysis of variance showed that there was significant differences among the evaluated bread wheat
promising lines and cultivars for all measured traits and indices at the 5% and 1% probability levels. There was
also significant differences between irrigation treatments indicating the effect of drought stress on all measured
traits. The irrigation x cultivar interaction effect was significant for all traits expect spike number plant? and
number of fertile tiller.plant. The results of stepwise regression analysis showed that under drought stress
conditions, 1000 grain weight, number of fertile tiller.plant, number of grain.spike™, and root dry weight had
significant effect on grain yield and explained their significant contribution of observed variation in grain yield.
Using factor analysis under drought stress conditions, fourteen variables were defined in five factors, which
explained a total of 83.4% of the observed variations. Results showed that 1000 grain weight, grain yield, grain
number.spike*, SPAD, and peduncle length may be considered as selection criteria to improve grain yield in
bread wheat cultivars under drought stress conditions.

Conclusion: The results of this experiment showed that bread wheat promising lines and cultivars under drought
stress conditions, responded by decreasing or increasing the values of traits and indices. The sum of these
responses prevents the reduction of grain yield. The results of cluster analysis of morphological, physiological
and root traits of 25 bread wheat promising lines and cultivars in irrigation treatments showed that cv. Owhadi,
cv. Homa, cv. Azar2, cv. Takab, cv. Rasad, cv. Baran, cv. Hashtrood, cv. Varan, cv. Saeen, cv. Parav, cv.
Sardari, Daril2 promising line, Daril6 promising, cv. Kamal, cv. Rahmat, cv. Mehr, cv. Sadra and cv. Ivan had
higher values of all morphological, physiological and root traits, with mean of canopy temperature (26.9 °C),
SPAD (66.9), biomass (12.7 g), spike number plant? (2.1), 1000 grain weight (36.0 g), grain number.spike™
(29.5), number of fertile tiller.plant™ (2.9), grain yield (2.5 g.plant?), root freash weight (8.1 g), root dry weight
(2.6 g) and root length (72.1 cm). The results of the correlation coefficients confirmed the results of factor
analysis. Results showed that cv. Homa and cv. Takab were the superior respectively in regard to grain yield
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Wheat cultivars (a8 05, Characteristics Slaia

Sardari 1> Early maturity, Drought tolerant it 4 Jesta ¢ y33)
Takab o\ High yielding, Cold and drought tolerant St gl gt oz YU s Shes
Saeen s High yielding, Cold and drought tolerant St gl gt ez YU s Shes
Azar2 v,37 Cold and drought tolerant, Early maturity 2395 (S 5 ey 45 Jaee
Rahmat —.>, High yielding, Early maturity, Drought tolerant St 4 Jemmze ¢ 355 YU Sles
Mehr % High yielding, Cold and drought tolerant b 5 (St 4 Jomte VL 3 Shas
Shalan oY High yielding, Drought stress tolerant st 4 Jesie Vb3 Slas
Varan ol,1s High yielding, Early maturity 0335 s Sles
Baran oL Grain yield stability, Early maturity, Cold and drought tolerant s 5 b w4 Joswze ¢ w355 ¢3,Sdhes (5,500
Hoor ,s High yielding under high rainfall, Resistant to lodging s pslie 0L s bl 3 YU s Slee
Parav 51, High yielding under high rainfall, Cold tolerant Lo 0 Jomte O1L 5 o3 Gblie 53 VU s Slas
Kamal Jus” Grain yield stability, Cold and drought tolerant St gl o Jaeie 3 Slas 65lbl
Hashtrood s5 22 Grain yield stability, Early maturity, Cold and drought tolerant et 5 by 4 Jooto ¢ 355 03 Shas ol
Owhadi s+, Early maturity, Cold and drought tolerant S 5 by Jeme ¢ w35
Sadra 1,4 High yielding, Resistant to lodging, Drought tolerant Loy 5 (S ) Jame ¢ o ys 4 pslie YU 5 Shes
Rasad Lo, Grain yield stability, Cold and drought tolerant b 5 (St &0 oo 03 Shas (65l
Rijav 315, Drought tolerant i 4 feote
Ivan ol Early maturity, Cold and drought tolerant S 5l 4y Jeme ¢ w35
Homa L» Early maturity, Cold and drought tolerant [ CERP P WIS
Darill W\ > Drought tolerant i 4 feote
Dari12 VY s Drought tolerant i 4 feote
Daril3 ¥ 1> Drought tolerant i 4 feote
Daril4 \f ¢ s Drought tolerant i 4 feote
Daril6 \$,ls Drought tolerant St 4 Josma
Dari19 V4,ls Drought tolerant St 4 Jooms

ﬁjﬁleuaou&dw\asﬁjszcp’
S o 5 b ol e b Slhs (S
5 Al sl Sl b 4 Dlio STl 085 % o)LT
o3 gy 5 S0 Jlesl mlaw 55 5,5b 4y sl
53 r.\.;f@ﬂngw ouins Ol &S 54 i3 gne
el LT sl les
St 5 a8 sl 0L ba ke aglie s
oS playl alS 55 alE nby sles I Cel
Yo/ Kol L Y,5T o35 45 Darile 5 ol 1 b
s 403 YYD 5 &5ln U ko 035 5 0 g
ST sl p3 1y LS iy glas o S

e o b S g5 Ll d s dzmils S

U

S g s
ST Sl 3l b i Slio IS (gl oS 6L
:lM)uﬁ)swa\.wcﬂ\.\id)chﬁw
gs_i_idw‘ch_wjbé)b;:&»gz)}u:c)})l{%
wéﬁjtﬁou}om&w\}bﬁj-xnpjb
Jj_bcuﬁtw)\casj@gj()jj‘gﬁ&kﬂé
s> e 03s casls 3, Shes i sldas c‘_}ﬁ\,\_;
cuAL; oot sy (Sl cdmy Sl el j5 4ils slus
35 O iy J b 5ty oS 05 cadyy 5 0)s
jéi.idL»\cJM):‘gj\:&mqu:d)LiT)Lg


http://agrobreedjournal.ir/article-1-1408-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-01 ]

"OV-VE AFF OLKes 5 ity 5 Ses K5 50 Sl S i S

ShalS el i s S Cowlodd iy15S
Cp s (Asadi et al., 2019) 3 45 o (axf < gl
SV s sa0) OS5 Y,3T el s ISl J b
o2 055 53 O Jldde o 2S5 (e SL YF/0
A edalin ol (6HLT Sl 55 (e e Y5/9)
SR Il sl o oty (S (25 Ll 5 5
5 (Ga SLa ¥P/) Daril9 o5 ) 4y b s o o5 o
OT Sldis oy 2S5 (e 5w YY/A) Daril6 =
AT Cs s (e SLw VY/F) Lo 055 ol
o ool> LS 55 e ta sy e el (Y o)
Sy b Jrals Esly (St 15 1S ol
saLs (Golestani Far et al., 2016) 555 o
i Lyl s s r.\_'fywp laasey sl
5 Sl ez Slla tasiy ple bl L S
seslji—e (Aghcheli et al., 2021) Ol,LSa
Sl 5 (Eidizadeh et al., 2016) O, Ses
OLHLSes 5 gws 25l Cllas (Soleymani, 2016)
S aS A S u:)lj'_f (Senobar et al., 2011)
A it LS Eel (o gy i e s (S
LT o5d oo (sioly al o 55 25 L awslie 5o 4y
ple s 4 cdiy 0y lsl 53 oS iz als bl
A5 6ol Slaaay Sl (STl Ly shy s gt
L g Sl Cusb )y adsa iy anlsl js Jgosd o
33 o sasas codd Jlesl SCis 25 5 Laasy
Cmsby O Eel i (LT ol b glales
L5 b oa Wiy 1 (g mi 3lad 35 0 51
O AalS E el S i i a S s ol i
ST s Comd S 0 alad 03 5
Sle 3 03553 0 e op 2de LS LS
sl glagdy o b e i oS LT
S o S s (OIS s pf YO/ 5 Y7/%) OIS
52 (OIS 530 S V1/0) Dari12 o3, 4 by e 0T
0355 Ty § 35 e g e (S A5 Ll )
S 5 (OIS 53 0 S VPIA) Aoy 035 4 Los o

1w

Dari16 5 Lea pli)l o by o (AL it sy sl
o by e yldie oy eS 5 (YAY 5 YAD 5 )
a3 YEIV 5 YFIV s jan) lw 5 Daril9 ol )|
Sis i 48 Eoalods 5158 5 (e gk
03533 phS 53 (AL by les rlil Eel
(Seis i Lyl s s (Tadili et al., 2020) 555 o
25k & 0> 5 ml A Sy sl 7 )
Lo 48 Lm0 515 (6 g T Cond s o
oy QL Ll i | ya glas 5| alS iy
=L (Blum, 2005) &l ol s Sas i g5
(JeolS LT Loyl 5 s &S 515 0L s S0l auw s
Jl_afv_;);(-k_.pp/\f/?)d;_&ﬁd.k;jlv_é)
5 o ST (g ien (A3 $Y/R) s 28
At e 085 (St RS L8 s il
(e 53 ONA) o 28T Y 3T 055 5 (A p3 90/9)
53 (F Jsda) Wis g yls 1y &8 1 s OT (gl 5ie
s 2T Sl gome SRS Lol (S 5 ¢ geres
Lo tosin ol mls b g sdsn nl 4S5 a2 5,
45 51> 0L pwls (Shemi etal., 2021) 51> Cdllas
IV SSLa b s o5 oS (55T e 5o
SR Sl 3 5 o S FYY e U Dari-11
S35 035 5 n S APD Sila L 0L o3, (S
Lzils 1y 68 K e Ol oS VA Sl b
alS Eel (SCis 5 g ez 53 (Y Jpds)
s JalS (LT e 4 Cond &5y (S s O e
Al e Oliien Lo Glaal b wlie ¢ 5550 ol &
.(Barutgular et al., 2016; Wasaya et al., 2021)
LT slag 53 48 315 DL b Kile e il
MNAMY L s an Darill 5 (515 o 51 ¢ JalS”
Ve Sl L ysp oy 5 o b e Sl VA8
)g.wm)uﬁtw)t,\.\_aﬁdr;‘fcruéu
WAY) 455 i) e o i (S 25 Lol 5
OT Sldze o 2S5 DMLY (55 4y b s po (2o L
(Y Jsdr) 552 OIS 055 4 by e (e e V/F)


http://agrobreedjournal.ir/article-1-1408-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-01 ]

VP F Sl o) ;,L.,_:A‘,.-.a.a,;ﬁ.u*"o\ﬂ\gp\,jpb4{,:;"

Sy Sl Jol e s Cosby als ol el
55aS 4 05,8 Glakls S Slidles § do o dex
Sy als slaw 2als Ceol (iun wlus S b,
Oli ol (Senobar et al., 2011) > 2 oo aliw a3
Mo oSl b i i) Y 53T 5 Ly o) 5751
oS I8 Sl L s gm 05, 5 o (p S VA
5 ol 5l 53 1y adls 5 Shes Jlde o 28
3, e Hldie oy 2he o Sas 25 led 5 .dzils
iy b e OIS 530, ¥ 5 W) s i) il
s 3, e 28l (Y Jgdar) 350 SIS 5 Las £
o Oliione L Lo g (St 25 Ll 3 oS
Sles s (Asadi et al., 2019) coulodi i 155
(=2 /FOY) &5 sl b wils 5 Shee ¢ JolS” (65T
aSls Sl O = 2 /FPYT) a5 adls sluss
S b St 25yl 53 5 (= 0/500™)
o(F = /YA 03 55 S 3 059 o(F = /YY) 5
g3 alyald s (r = o /VAY™) als a0
a5 55 gl sy Sl (= VO™ ali
st = /BVAT) a5 0 = /OFR™)
(= /FA¥") iy Jsb o5 (= +/8V4%F) aty, oS
Gl (P ) Codls (613 gne 5 e Sctuman
FV/A Lo S sl e 5 Y557 il ails S5m0
il s Darild Darill o5, 5 op ey cpf FV/F
ol T Sl 53 1 SMie o 287 0 S ¥Y/7 L
S5p 0 i oy eS¢ SKas A5 ke s dzils
Sle o i s Dari14 (3 & by s p 5 YFIY L 4l
(bS5 A s FF/7 s ) Lan 5 OIS ol sl
4S sl 0L 55 i leT &S5 s (Y Jgdr) 5
sl Ve Oy ol e JialS Csl Sis i
Col (Sis i (Asadi et al., 2019) 5 45 0 oS
ol g JUiS) 2l olS (b b b alS
23 S3lme 3 L b falST daadls 4 (g s
el g bais ) bu g ole Oda js I 5 baails

(Malek et al., 2019) 5 55 s 4ls O35 ials

v

s> 3 ) 92 05 & (OIS s (ajff‘//\‘\) oT Hldde
SalS Ll Sis i g oen 53 (Y o) Lol
2l B Lg g ol S Ab 0355 e O) 5
o3le SalS Zel (st 15 Sl e Dl
sl LS 1 By s s Sl sl s oS
.(Dehghanzadeh, 2019) s 15 Cillas 3 4 oo oL

S 2 a8 sl Ol b ke aglie il
pLi)l e oS oSl iy 5 05 RS el
ol Sy 53 (Y Jyds) i Daril9 4 Daril6
o5 0555 (5 VHYE) o i Daril2 o3, fulS
e 53 sl | a5 055 (0,5 0/3) o S
54 b e alsy 5058 M op il (S AT
(p 5 0/4) 0T Hldie o S 5 (p 5 1+/1Y) Daril6
ol olass 53 (Y dsuzr) 30 rgo 0By 40 bsi e
o2 05,55 (p S WA o s Daril2 o3, falS
03 mbls |y gy &Sm0 (0,5 V) (S
(5 YIFY) s (513 s 35 (Shm 25 5l
2l s (Y Jgda) il Iy adsy oSl O
Cool (Sis s a8 Coulonls Ol 35 Slidows
5> (Hasan et al., 2021) 5 5% o 4o y 055 oalS
(e 5l AV/Y) oz Daril2 50 o O sles
U+ /Y) op jden Dari16 (3, Seis mS Hles yo g
ST sl |y ads ) (558 Ges) Jsb Hldas (e sl
$lol> <532 5 Daril9 Daril6 pls )l 4 ‘(..uf o5
sy Sk i el ks (6 meS ity , Uk
L ge Sis 156 Sl ok ol 8 (Y Jads)
gy b Sl Lol 25 O Dl b s lie s
Jsb SRl Eel (s Sl 1558 (g ol
(Gheysari etal., 2015) 4% o 4is

RS e 48 5313 0L La ke aglie il
pLE,) ST i 55 Sl sl alST el S
4 oo (IS5 5 Y 3T (5l o o811 ) C*“f
o sme SialS (Y ) wd |8 ()LT les
Sl St i slasles s dliw 53 4l sl


http://agrobreedjournal.ir/article-1-1408-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-01 ]

"OV-YO VEF OS5 e idils 3 Ses 5 g 50 Slio S 25 S
St 55 (A 05) oS LT sbasless 3 o 1 ALE (sla ol 5 Slivo S0k dmglio =Y s

Table 2. Mean comparison of plant traits and indices of wheat cultivars in full irrigation (normal) and drought stress treatments

] A s s> 2T 5l Y 5 U Sy db 303 i

Wheat cultivars .. .6, Irrigation treatments LT sl s Canopy temperature () Relative water content (%) SPAD Blomass (g) Plant helght (cm) Peduncle Iength (cm) _ No. of spike.plant*
Sardari N Full irrigation ‘W s LT 30.2ab 79.4a-c 111.7a 23.9a-d 118.2a 32.8a-i 2.8a-e
<22~ "Drought stress S 26.7a-c 63.9b-g 6l.4a-e 11.0fg 73.0c-h 26.4a-1 2.0c-e
Azar? . Full irrigation LS o LT 30.6a 77.4a-¢ 98.0ab 23.4a-e 96.8a-f 36.9a 3.0a-d
/ Drought stress S ms 27.5a-c 58.99 55.2b-e 12.20e-g 70.8d-h 30.1a- 2.0c-e
Owhadi s Full irrigation w s LT 27.5a-c 84.6a 88.6a-¢ 26.9a 103.9a-c 35.7a-d 3.2a-d
#" " Drought stress S 27.6a-c 61.7d-g 64.1a-e 12.6d-g 63.7gh 28.6a-1 2.0c-e
Homa . Full irrigation LS o LT 28.2a-c 78.1a-d 93.2a-d 24.5a-c 101.3a-e 34.5a-g 34a-c
Drought stress S i 28.5a-c 63.1b-g 60.9a-e 11.5fg 69.3f-h 26.4a-1 2.0c-e
Takab L Full irrigation LS g T 26.4a-c 79.7ab 92.7a-d 25.2ab 85.9b-h 36.5ab 3.2ad
: Drought stress S ms 25.9a-c 62.4b-g 70.3a-¢ 14.4b-g 61.4h 25.5a-1 2.0c-e
Rasad - Full irrigation S LT 25.4a-c 72.0a-9 93.6a-d 17.6a-9 96.5a-f 33.2a-i 3.2ad
? Drought stress S i 25.9a-c 65.1b-g 79.2a-e 16.8a-g 82.5b-h 20.2h- 2.6a-€
Baran i Full irrigation LIS g LT 25.7a-c 71.5a-9 79.2a-¢ 13.9b-g 90.6a-h 33.8a-h 34a-c
“*  Drought stress Ses i 27.1a-c 65.7b-g 84.5a-¢ 12.5d-g 84.6b-h 19.5i- 2.6a-e
Saeen e Full irrigation S sl T 26.5a-c 71.7ag 82.4a-e 17.0a-g 84.0b-h 29.7a- 3.6ab
= Drought stress S s 24.7a-c 60.4e-g 69.9a-¢ 11.0fg 74.7¢c-h 20.7F- 2.2b-e
Hashtrood s Full irrigation LS LT 25.80 a-c 70.1a-g 90.94 a-e 15.38 b-g 102.1a-c 29.4a-1 34a-c
47 " Drought stress S ks 26.83 a-c 61.9d-g 76.37 a-¢ 9.498 fg 83.4b-h 22.2¢-l 1.8de
Rijav . Full irrigation S sl T 28.15ac 74.1a-g 77.46 a-¢ 1455 b-g 86.2b-h 33.3a-i 3.6ab
#7> Drought stress S s 26.3a-C 65.6b-g 41.9e 9.33fg 74.8c-h 21.6d-1 1.40e
Parav 4 Full irrigation S LT 25.4a-c 73.3a-9 82.5a-¢ 17.2ag 91.1a-h 334a-i 34a-c
#  Drought stress S i 26.7a-c 62.1c-g 70.3a- 14.6b-g 76.0c-h 22.1c- 2.0c-e
Ivan ) Full irrigation LIS g LT 24.3a-c 74.2a-9 96.2a-C 19.5a-f 89.9a-h 32.9a-i 3.2ad
> Drought stress Ses i 27.7ac 61.1d-g 76.7a-¢ 15.6a-9 77.8b-h 23.7a- 24a-e
Sadra . Full irrigation S LT 22.5¢ 74.3a-9 76.5a-¢ 15.9a-9 101.6a-d 32.4a- 34a-c
7 Drought stress S s 26.0a-c 65.9b-g 64.1a-€ 12.9d-g 85.0b-h 21.3e-l 24a-e
Varan " Full irrigation pt{ LT 24.0a-c 74.3a-9 80.1a-¢ 13.5¢-g 94.9a-f 28.3a- 34a-c
“2 "Drought stress ] 26.5a-c 63.8b-g 78.5a-¢ 10.6fg 93.2a-g 28.5a-1 2.0c-e
Kamal s Full irrigation LS g, LT 24.1a-c 62.9b-g 86.2a-¢ 13.7cg 99.4a-f 29.9§—I 3.6ab
Drought stress S s 25.8a-c 63.7b-g 58.68b-¢ 10.1fg 75.7c-h 19.6i-1 1.8de
Shallan NG Full irrigation LS o5l T 26.3a-C 72.3a-g 70.2a-e 16.1a-g 94.7a-g 36.1a-c 3.0a-d
© Drought stress S 26.7a-C 63.5b-g 52.89b-¢ 12.4eg 75.6¢-h 22.0c-l 24a-e
Rahmat . Full irrigation LS g ,LT 25.3a-c 74.4a-9 75.8a-¢ 15.5a-9 100.1a-f 34.0a-h 3.2ad
=7 Drought stress S ms 27.6a-c 63.8b-g 70.6a-¢ 12.6d-g 74.6¢-h 20.4g-1 2.2b-e
Mehr Full irrigation S LT 24.5a-c 77.0a-€ 7l.4a-e 18.1a-g 102.9a-c 35.3a-¢ 3.6ab
- " Drought stress S s 27.0a-c 64.0b-g 67.8a-¢ 10.8fg 80.6b-h 21.0f 2.2b-e
Daril2 Weels Full irrigation LS g ,LT 24.6a-c 76.7a-f 73.6a-€ 11.5fg 102.7a-c 3l.2ak 3.4a-Cc
e Drought stress St s 26.2a-C 62.6b-g 70.1a-e 10.4fg 81.8b-h 17.8kl 2.0c-e
Daril3 Woeis Full irrigation LS g, LT 23.9bc 63.7b-g 87.3a-¢ 17.1ag 94.8a-g 34.8a-f 3.4a-Cc
& Drought stress S i 27.0a-c 64.8b-g 54.7h-e 9.79fg 80.6b-h 16.81 2.0c-e
Hoor Full irrigation LS LT 26.1a-c 68.8a-g 89.4a-¢ 12.4eg 70.5e-h 26.6a-1 34a-c
>** " Drought stress i A 27.7a-c 65.4b-g 46.5c-¢ 6.89 73.0c-h 21.5e-l 1.8de
Darill Woeis Full irrigation LS g ,LT 24.8a-c 73.1ag 69.1a-e 15.8a-9 108.6ab 32.3a 3.6ab
& Drought stress S i3 27.3a-c 64.1b-g 44.8de 9.6fg 75.8c-h 19.5i-1 2.2b-e
Daril4 Vo Full irrigation S LT 23.4c 74.8a-g 94.9a-d 13.9b-g 91.8a-h 30.3a-| 3.6ab
& Drought stress S p 27.3a-c 62.9b-g 48.6b-e 10.0fg 77.0c-h 22.7b-l 2.2b-e
Daril6 Ve Full irrigation oS o LT 24.8a-c 72.3a-9 82.7a-¢ 16.8a-9 98.9a-f 33.8a-h 3.4a-Cc
<> "Drought stress e 28.1a-C 60.1e-g 57.3b-e 10.2fg 72.9¢c-h 1855 2.6a-e

Daril9 s Full irrigation B g LT 24.0a-c 76.6a-f T1.4a-e 12.6d-g 96.8a-f 34.3a-g 3.8a

< Drought stress Sis 25 24.7a-c 59.6fg 44.5de 9.0fg 118.2a 22.10c-I 2.4a-e

LI (5 ,ls gae Sl Aoy JL;}\
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, usmg TuKey's test
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Table 2. Continued aalsl =Y J gl
alslp05s Ak 34l $ 503 )5k ey s> Shee 4k 505y [N adydsb
Wheat cultivars .S o6, Irrigation treatments ¢ LT ks 1000 grain weight (g)  Grainspike®  No. of fertile tiller.plant®  Grain yield (g.pot')  Root fresh weight(g)  Root dray weight (g)  Root length (cm)
Sardari N Full irrigation elS” o LT 47.4a 34.4d-g 4.2a-g 6.1a-c 9.2a-f 29a-g 82.2a-g
e Drought stress R 39.2a-f 36.2b-e 3.0c-h 25e-h 8.3a-h 34ab 74.4d-h
Azar? - Full irrigation LelS” o LT 47.9a 32.6f-i 5.2a-C 7.8a 9.5a-d 2.7a-9 84.6a-d
? Drought stress Ses s 35.8a-g 36.8a-d 2.8d-h 2.3f-h 8.8a-h 3.1a-f 78.6d-h
Owhadi s Full irrigation S LT 42.9a-e 37.6a—_c 4.6a-f 6.7ab 8.7a-h 2.0b-g 78.2a-h
Drought stress Ses s 36.8a-9 31.8g+j 3.0c-h 2.9e-h 7.9a-h 1.9c-g 70.4d-h
Homa - Full irrigation LelS” o LT 41.6a-f 39.6a 4.0a-g 6.1a-c 8.2a-h 2.6a-g 73.2a-h
Drought stress S s 40.8a-f 33.0f-h 2.8d-h 3.1d-h 7.1a-h 2.7a-g 63.6d-h
Takab e Full irrigation L (T 45.4ab 35.0c-f 4.6a-f 6.2a-C 9.3a-¢ 2.5a-9 83.2a-e
g Drought stress Ses s 44.6a-c 36.8a-d 3.2b-h 3.1e-h 8.9a-g 2.8a-9 80.0a-g
Rasad - Full irrigation els” o LT 40.0a-f 33.4e-h 5.2a-C 6.6ab 10.0a-c 3.1ad 89.0a-c
? Drought stress S s 36.6a-9 27.6l-0 34a-h 2.9e-h 8.3a-h 2.9a-g 74.0a-h
Baran , Full irrigation oS g, LT 40.4a-f 34.4d-g 5.0ad 6.1a-c 8.8a-h 2.3a9 78.6a-h
o Drought stress (Ses s 39.4a-f 28.2k-n 3.2b-h 2.8e-h 6.1c-h 2.1a-g 55.0c-h
Saeen " Full irrigation S LT 32.6¢c-9 29.6j-m 4.8a-e 44b-g 8.0a-h 11h 71.6a-h
= Drought stress Ses s 31.6d-g 23.8p 2.6e-h 16h 6.9a-h 2.8a-9 61.0a-h
Hashtrood Full irrigation 165" LT 37.6a-9 34.4d-g 5.0a-d 6.6ab 9.2a-g 3.1ad 82.4a-f
e Drought stress S s 35.8a-g 28.2k-n 24f-h 2.0gh 6.6a-h 29a-g 59.0a-h
Rijav 9 Full irrigation S LT 37.8a-g9 32.6f-i 5.0a-d 5.7ac 9.8a-c 2.8a-9 87.6a-C
e Drought stress s s 31.8d-g 26.8m-0 16h 16h 5.4fh 26a-g 48.2f-h
Parav ‘ Full irrigation S T 36.6a-9 31.6g-j 5.0a-d 5.6a-d 9.1a-g 2.7a-g 81.0a-g
I Drought stress S s 33.4b-g 25.8n-p 24f-h 1.9gh 8.la-h 2.3a-9 72.4a-h
Jvan a Full irrigation oS gL T 33.60-g 30.6h-k 5.2a-C 5.9a-c 8.6a-h 3lae 77.2a-h
> Drought stress (Ses s 32.4c-g 24.80p 34a-h 2.1gh 7.9a-h 2.9a-9 70.8a-h
Sadra . Full irrigation S T 35.6a-9 32.6f-i 5.4ab 6.4a-c 85a-h 3.3ab 75.8a-h
7 Drought stress Ses s 31.8d-g 26.8m-0 3.0c-h 2.0gh 8.5a-h 2.7a-9 76.2a-h
Varan " Full irrigation 165" LT 40.6a-f 36.6b-d 5.4ab 7.7a 9.2a-f 2.9a-g 83.0a-e
hidd Drought stress S s 36.8a-g 30.8h-k 24f-h 24e-h 55e-h 2.0b-g 49.8e-h
Kamal s Full irrigation LS (LT 43.2a-d 36.6b-d 5.0a-d 6.8ab 9.1a-g 2.6a-9 8l.4a-g
Drought stress S s 40.6a-f 30.8h-k 2.8d-h 2.6e-h 5.3gh 2.3a-9 47.6gh
Shallan N Full irrigation 165" LT 39.6a-f 36.0b-e 4.2a-g 6.5ab 8.0a-h 3.0a-f 71.8a-h
© Drought stress S s 32.2c-g 29.8i-l 3.2b-h 25e-h 6.3a-h 2.2a-9 56.8a-h
Rahmat o Full irrigation oS gL T 41.4a-f 37.4a—_c 5.6a 8.0a 84a-h 3.2aC 75.2a-h
2 Drought stress Ses s 35.2a-g 31.8g+j 3.0c-h 2.7e-h 6.6a-h 1.8e-g 59.6a-h
Mehr Full irrigation S T 36.6a-g 334e-h 5.4ab 6.6ab 8.4a-h 3.0a-f 75.2a-h
# Drought stress S s 33.6b-g 28.0k-n 2.8d-h 2.1gh 5.0h 2.7a-9 44.6h
Daril2 Weels Full irrigation oS gL T 43.8a-d 38.6ab 4.8a-¢ 74a 10.2a 3.8a 91.2a
¢ Drought stress S s 36.2a-9 32.6f-i 2.6e-h 2.8e-h 7.5a-h 2.6a-g 67.0a-h
Daril3 _— Full irrigation LS (LT 35.6a-g 32.6f-i 5.6a 5.9a-C 9.3a-¢ 29a-9 83.0a-¢
- Drought stress S s 30.4e-g 26.8m-0 2.6e-h 2.2f-h 74a-h 2.8a-9 66.0a-h
Hoor Full irrigation JolS™ o LT 35.6a-g 28.6k-n 44a-g 39c-h 5.9d-h 11h 52.4d-h
o Drought stress S s 33.6b-g 14.0r 2.2gh 15h 6.50b-h 1.8d-g 55.6b-h
Daritl Wl Full irrigation LS (LT 32.6¢-9 29.6]-m 5.6a 4.8b-f 8.1a-h 3.0a-f 72.2d-h
& Drought stress S s 29.2fg 15.0r 2.8d-h 16h 7.6a-h 1.7fg 68.2a-h
Daril4 _ Full irrigation S T 32.6c-9 29.6j-m 5.4ab 48b-e 8.2a-h 2.6a-g 73.4d-h
<> " Drought stress Ko s 26.29 14.2r 2.8d-h 15h 6.9a-h 2.1ag 61.2a-h
Daril6 Ve Full irrigation oS LT 35.6a-g 32.6f-i 5.0a-d 6.0a-c 8.8a-h 2.7a-9 79.2d-h
<2 " Drought stress s s 34.4bg 16.8r 2.8d-h 1.9gh 10.1ab 2.2a-g 90.2ab
Dari19 el Full irrigation S T 37.4a-9 36.6b-d 5.2a-C 6.6ab 6.3a-h 2.8a-g 57.0d-h
<> " Drought stress Ses s 34.4bg 20.89 2.6e-h 2.2fh 7.6a-h 169 68.0a-h
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Columns with different letters are significantly different at 0.05 probability level based on Tukey's multiple range test
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Table 3. Correlation coefficients of plant traits and indices of wheat cultivars in full irrigation (normal) (above diameter) and drought stress (below diameter) treatments

o 2 z

2, B e S o 5, g D

> = : =}

2 (<D§L Gy W ¢ 5.? %CY\ .g o & s . St Q. S b 9’1.5 g

o s S S 2t 3 ¢ o T 3 < = f e = 3 ¢ g G g F

S OB 2w 2¢ oz =& 2. BV By 2 =R gh zo

R A A - Tg 2k s ¢ R &c 3 s ¢ st a8

S ¢ o k& = «Q [ - . = ? o o S & =

c v =2 Ea =3 @ * = =

('_l; c:D =3 a -
Plant traits and indices A b el 5 Slio -
Canopy temperature S sl 1 0.424"  0.492" 0.622™ 0.108 0.319 -0.569™  0.600™ 0.122 -0.592"  0.055 0171  -0.244 0.163
Relative water content s ol gl 0.062 1 0.157  0.604™ 0311  0.442" -0.313 0.385 0.314 -0.289 0.234 0.057  0.083 0.054
SPAD &, Ko -0.051 0.034 1 0.558™ 0.054  -0.030 -0.508™ 0.360 -0.104 -0.338 -0.089 0.166  -0.196 0.161
Biomass osg Cm;  -0.011 -0.048 0.615™ 1 0.284 0.596™  -0.577™ 0.465" 0.180 -0.401"  0.116 0.219 -0.124 0.214
Plant height supls, 0497 -0.060 -0.016 -0.222 1 0.282 -0.248 0.337 0.438" 0.066 0.453" 0.343 0.601™ 0.343
Peduncle length Sl dsb - -0.260 -0.334  -0.154 -0.232 0.705™ 1 -0.358 0.355 0.302 -0.050 0.364 0.229 0.283 0.226
No. of spike dew sl -0.007 -0.119 0.310 0.445" 0.291 0.349 1 -0.606™  -0.174 0.400"  -0.330 -0.323  -0.156 -0.319
1000 grain weight sls,lmoss -0.046 -0.035 0.438" 0.258 -0.194  -0.321 -0.110 1 0.655™ -0.405"  0.650™ 0.429" 0.197 0.427"
Grain.spike™ o s -0.089 -0.033 0.442" 0.416" -0.242  -0.529" -0.227 0.695™ 1 -0.297 0.741™ 0.250 0.386 0.256
No. of fertile tillers G55 550l dy 0.106 -0.063 0.436"~ 0.682"  -0.143  -0.205 0.727™ 0.265 0.247 1 0.184 0.138 0.348 0.140
Grain yield Gls > Shes 0.027 0.047 0.471" 0.478" -0.116  -0.400" 0.160 0.784™ 0.755™ 0.535™ 1 0.478"  0.619" 0.483"
Root fresh weight a5 05 0.119 -0.436"  0.005 0.379 -0.190 0.029 0.388 0.083 -0.004 0.384 0.098 1 0.534™  1.000™
Root dray weight abs, oSt 055 -0.085 -0.053 0.308 0.346 -0.278  -0.4417 -0.132 0.208 0.507™ 0.146 0.137 0.245 1 0.536™
Root length adyy Jsb 0.113 -0.441"  0.019 0.395 -0.188 0.025 0.393 0.091 0.021 0.394 0.118 0.999" 0.257 1
*, **: Significant at 5% and 1% probability levels, respectively L33 6 5 g e o 53 5l gan 5 5 4 T
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Fig. 1. Dendrogram of cluster analysis for plant traits and indices of wheat cultivars in full irrigation (normal) treatment
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Table 4. Mean and deviation for plant traits and indices of wheat cultivar groups in in full irrigation (normal) treatment

Group 1 Vs S Group 2 Yos £

oS Sl 31 Ol oS Sl 31 Ol i
Plant traits and indices L8 ¢ls asls ;s Mean  Mean deviation (%) Mean  Mean deviation (%)
Canopy temperature A iy s 28.60 11.18 25.72 -2.80
Relative water content e T lgme 79.89 8.04 73.94 -2.01
SPAD £, Ko 96.89 14.14 84.89 -3.53
Biomass oy cw; 24.84 43.42 17.32 -10.85
Plant height sy, 101.23 5.26 96.17 -1.31
Peduncle length ISl Jsb 35.28 7.38 32.86 -1.84
No. of spike Al sl 3.12 -7.36 3.37 1.84
1000 grain weight als 055 45.05 15.61 38.97 -3.90
Grain.spike™ dow s als 35.84 5.84 33.86 -1.46
No. of fertile tillers S 3ol do 452 -9.46 4,99 2.36
Grain yield 4ls > Slas 6.62 5.82 6.25 -1.46
Root fresh weight Ak, 5 0js 9.03 3.58 8.72 -0.89
Root dray weight Ak, it 08 2.59 -6.25 2.76 1.56
Root length an,dsb  80.28 3.47 77.58 -0.87
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Fig. 2. Dendrogram of cluster analysis for plant traits and indices of wheat cultivars in drought stress treatment
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Table 5. Mean and deviation for plant traits and indices of wheat cultivar groups in in drought stress treatment

Groupl o5 % Group 2 Yos 5
oSS Sk 31 31 S SGln 31 O3l
Plant traits and indices a8 cls osls yolwe  Mean  Mean deviation (%)  Mean  Mean deviation (%)
Canopy temperature A i s 26.90 0.31 26.72 -0.34
Relative water content i T Glge  62.46 -1.02 63.79 1.10
SPAD &£, K 66.96 6.59 58.34 -7.14
Biomass g cw; 12,79 11.42 10.06 -12.37
Plant height Sppy)l 7412 -5.27 82.71 571
Peduncle length Sy db 19.53 -7.12 22.65 7.71
No. of spike dawslas 2,18 2.66 2.07 -2.88
1000 grain weight als ym 055 36.06 3.29 33.67 -3.56
Grain.spike™ dew s als 2958 9.09 24.45 -9.85
No. of fertile tillers Gg ke 2.92 5.30 2.62 -5.74
Grain yield alss See 2.50 7.37 2.14 -7.98
Root fresh weight w505 811 11.29 6.39 -12.23
Root dray weight ab, oSes )y 2.66 7.58 2.27 -8.21
Root length as,db 7217 11.50 56.67 -12.45

Lo peils s Sliw pla U aialy jiie Ol peas
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Table 6. Stepwise regression analysis of grain yield with plant traits and indices of wheat cultivars in full

irrigation (normal) treatment

= =

od 3kl e §5 ekB 3kl O §, edkd s R? @ oks i R?
Fixed variables b e (B) (Beta) Adjusted R?  Partial adjusted R?
Intercept T 5l o e -6.261
Grain.spike™ w3 &ls 0.232 0.702™ 0.529 0.529
No. of fertile tillers G 53 a)l deey 1.357 0.617™ 0.703 0.174
No. of spike Al sl -1.298 -0.298™ 0.862 0.159
1000 grain weight s Jm 055 0.058 0.260" 0.881 0.019

M)Q&ﬂjc:-{: Jle| Cjb);)\;&“%jﬁwﬁ

*, **: Significant at 5% and 1% probability levels, respectively

@KSQU&U)QWaM C\j’d.'.w‘ LSUBJ.&LC« JJE)‘)MM)J)M'\"’JJ Lc}.)ﬁbu.a—v d)v\"
Jﬁ\; ngLgT )La.; BE) 64..? rG)\

Table 7. Eigen value, proportion and cumulative variance of extract factors of plant traits and indices of wheat

cultivars in full irrigation (normal) treatment

o519 polee o-bols x5 bl
Component Jole  Eigenvalue  Variance (%)  Cumulative variance (%)
Component 1 Jsl Jele 5.065 36.181 36.181
Component 2 35 Jole 3.073 21.952 58.133
Component 3 o Jole 1.557 11.120 69.253
Component 4 polex ole 1.155 8.252 77.505

h%)


http://agrobreedjournal.ir/article-1-1408-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-01 ]

"OV-VE AFF OLKes 5 ity 5 Ses K5 50 Sl S i S

23 b ele 4 4 o 1 Jool ol Jole ey ) cxf(als,\ AL sl o ls 5 Sliv ele Jb e 5l A Jgd

JoS LT sl

Table 9. Component matrix and factor load of plant traits and indices of wheat cultivars in five factors obtained

from factor analysis in full irrigation (normal) treatment

Jsl Jele £33 ol pom ol e Jole
Plant traits and indices L8 ¢ls asls s oli,  Componentl Component2  Component3  Component 4
Canopy temperature A sy sles 0.823 - - -
Relative water content R - P - - - -
SPAD &£ K 0.774 - - -
Biomass 0355 S 0.645 - - 0.672
Plant height &y p i - 0.393 0.376 0.464
Peduncle length ISl Jsb - - - 0.814
No. of spike o sl -0.678 - - -
1000 grain weight 415 558 05 0.599 - 0.655 -
Grain.spike™ Ao s 4l - - 0.934 -
No. of fertile tillers Gy 53 3k dns -0.725 0.411 - -
Grain yield 4ls 3 Shes - 0.465 0.754 -
Root fresh weight 4y 5 0js - 0.922 - -
Root dray weight adyy eSas 0js -0.378 0.655 0.397 -
Root length aby, Jsb - 0.922 - -

Jeole i ol s Shee glixl sla S5 Jole Il
€03 35 Ty 5 059 etk 315 (5 9, amty Sla 93
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Table 9. Stepwise regression analysis of grain yield with plant traits and indices of wheat cultivars in drought

stress treatment

s s
oS 3yl 0§15 ekb a0 §5 ok e R? s otd s R?

Fixed variables ol e (B) (Beta) Adjusted R? Partial Adjusted R?
Intercept KW -0.924 0.363™
1000 grain weight als5m 055 0.046 0.342™ 0.597 0.597
No. of fertile tillers ;5 ,5,— -

’ : 0.439 0.555 0.705 0.107

X

Grain.spike® A 3 4l 0.042 -0.270™ 0.770 0.065
Root dray weight Aty oSis O -0.289 0.363™ 0.819 0.050

*, **: Significant at 5% and 1% probability lenels, respectively doys oSS syl o )3 ls gae o5 5 4 7

AL sl ol s Sliv ods Tl sla Jole b sls (remmd Ao y3 5 (oomd oo yd oy g3l =) s
JAK ‘_g)lz.:T )L«.;J BE) (au\.f CG)\
Table 10. Eigen value, proportion and cumulative variance of extract factors of plant traits and indices of wheat

cultivars in drought stress treatment

o5 polie bl s bl
Component Jole  Eigenvalue  Variance (%) Cumulative variance (%)
Component 1 Jdsl Jele 4.328 30.912 30.912
Component 2 p35 Jole 2.850 20.360 51.272
Component 3 py Jule 1.993 14.239 65.511
Component 4 eoler ole 1.459 10.420 75.931
Component 5 o ele 1.054 7.528 83.459

s Jole & 4525 3l Jrol ol ale gy 53 08 5l (ALS (ola jas Lt 5 Dlio ale DL s Sl =) U
F LT ol s
Table 11. Component matrix and factor load of plant traits and indices of wheat cultivars in five factors obtained

from factor analysis in drought stress treatment

Jsl Jole £33 ol p oo Jole poler ol o Jole

Plant traits and indices A gl esls solie  Componentl  Component2  Component3  Component4  Component 5
Canopy temperature A i e - - - 0.804 -
Relative leaf water content s T (6l giome - - -0.757 - -
SPAD &, S 0.420 0.602 - - -
Biomass 03§ o - 0.754 - - 0.360
Plant height G5 s - - - -0.848 -
Peduncle length ISy b -0.345 - - -0.673 -0.485
No. of spike Al Sl - 0.853 - - -

1000 grain weight als 458 05 0.920 - - - -
Grain.spike! A s &ls 0.830 - - - 0.437
NO. of fertile tillers G335 5ok doey - 0.854 - - -
Grain yield 33 Shes 0.880 0.361 - - -

Root fresh weight ahoy 5 O)s - - 0.892 - -

Root dray weight by oSS 03 - - - - 0.893
Root length aby, Job - - 0.892 - -
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