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Extended abstract

Background: One method for selecting high-yielding cultivars is selection based on
physiological traits. Investigating the seed growth and filling process and its effect on seed weight
Is among the basic research in breeding programs. The speed and period of grain filling are
important traits affecting grain yield in wheat, which are arfected by environmental conditions.
Selection based on traits such as seed filling speed and period can be a good physiological
criterion for cultivar evaluation. This research aimed to evaluate the yield, speed, and period of
grain-filling in bread wheat genotypes under end-of-the-season drought stress conditions and to
identify superior genotypes.

Methods: In this research, 18 bread wheat genotypes along with two control varieties were
obtained from the Ardabil Agricultural Research Station and Natural Resources. An experiment
was conducted in a completely randomized block design with three replicates in two conditions
of full irrigation and drought stress at the end of the season in the Ardabil Agricultural Research
Station. In the field, the genotypes were cultivated inside each plot of 4 x 3 m with a distance of
20 cm between lines and a density of 400 seeds/m?2. Genotypes were cultivated in the research
station in the fall of 2019. In stress conditions, irrigation was not applied from flowering to seed
maturity, while |rr|c]1at|on_was carried out three times (early flowering, mid-seed setting, and late
seed setting) from flowering to physiological maturity in stress-free conditions. Grain yield traits,
?_ra_ln filling speed, maximum grain dry weight, length of grain filling period, and effective grain

illing period were measured in this study.

Results: The results of variance analysis for the evaluated traits showed a significant difference
between environments and between genotypes in all evaluated traits. The genotype x environment
interaction effect was also significant for all mentioned traits. The significance of the difference
between genotypes indicates genetic diversity between the studied cultivars. Moreover, the
significance of the interaction effect showed that the studied genotypes did not behave the same
in two environments without and with stress. The seed-filling rate of all genotypes decreased
under drought—stress conditions. The average seed-filling rates were 1.20 and 1.37 m(]; per day in
the stressed and non-stressed environments, respectively. The length of the grain-filling E)eriod
and the effective grain-filling period decreased with increasing the %rain-filling speed. The length
of the seed-filling period in the stressed environment was shorter by 2.31 days on average. The
effective length and period of seed filling were directly related to the seed dry weight. The average
yield of genotypes under stress conditions (594 g/m?) declined significantly compared to the non-
stress environment (768 g/m?). On average, the length of the seed-filling period in the stressed
environment (34.90 days) was shorter than that in the non-stressed environment (37.21 days). The
greatest decrease in the effective length of seed filling was observed in genotype 5 (5.30 days).
The longest seed-filling periods were recorded for genotypes 14 (41 daysg and 12 (40.44 days) in
stress conditions, and genotype No. 13 (43.21 days) in non-stress conditions. Genotype 3 showed
the shortest seed-filling period in both stress and non-stress conditions. The correlation
coefficients showed a negative and significant correlation between the speed and the effective
period of seed filling in the stress (r = -0.358**) and non-stress (r = -0.404**) environments. A
cluster analysis of the genotypes grouped them into three and four clusters in the stress and non-
stress environments, respectively. The heat map of the distribution of genotypes grouped them
into three clusters based on the traits studied in the stressful environment. Genotypes 19, 18, 3,
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10, and 1 were in the first group, with a short effective seed-filling period and a higher fillin
speed, which was desirable due to the relatively better yield. The second group include
genotypes 7, 4,9, 17, 6, 5, and 8, with lower seed yields and short effective seed-filling periods.
Finally, ?enoty es 13, 12, 2, 14, 11, 20, 15, and 16 were included in the third grou_F,_ with lower
values of speed and maximum seed weight and_hlgher values of effective seed-filling periods.
Members of this group showed relatively good yields, which could be attributed to the length and
long effective seed-filling period. Considering the importance of grain-filling processes to reach
the desired grain weight, selection to increase the grain-filling speed and the eftective long filling
period can lead to more yields in stressful conditions. )
Conclusion: A significant variation in traits was observed among the studied genotypes,
indicating the existence of appropriate genetic diversity in the studied plant material.
End-of-season drought stress negatively affected the final grain weight by reducing the speed and
ﬁgriod of grain filling, eventually lowering the yield. In such conditions, selecting genotypes with
igher seed-filling speeds can lead to the selection of drought-tolerant genotypes. However, the
speed of seed filling and the effective period of seed filling alone cannot guarantee a high ?/leld,
and other factors affecting yield should be considered in the selection of drought-tolerant
genotypes.

Keywords: Correlation Coefficients, Genotype, Seed yield, Selection

How to Cite This Article: Shahizadeh, A., Asghari Zakaria, R., Ghasemi, M., & Sheikhzadeh Mosaddeq, P. (2024).
Evaluation of Yields and Grain Filling Speeds of Bread Wheat Genotypes under End-of-the-Season Drought Stress
Conditions. J Crop Breed, 16(3), 25-36. DOI: 10.61186/jcb.16.3.25



https://jcb.sanru.ac.ir/article-1-1531-en.html
http://dx.doi.org/10.61186/jcb.16.3.25
https://jcb.sanru.ac.ir/article-1-1531-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-13 ]

[ DOI: 10.61186/jch.16.3.25]

2 V¥ /¥ o Lo [ emasls Jlo /el ook oMol acl ings

S reb qalio g (55,9liS pgle lSily

20U S lacaighy &b (S s 9 3 )Sdos (L5
i AT S a5 byl oo

i@m 03! jgeami b 2 9“‘5@&\5 Cd o ¢ v LS5 somel Jguw,y “aai,"_,aau KN
Ol eyl oyl iz oSl ¢ grnbs ailio 9 (6,9ltS 0SLisld ¢ LS S35 5 M55 09,5 ¢(5 58> (gooelily —)
(r-asghari@uma.ac.ir : Jgguw Xy 55) ¢yl ‘4,3:)! ceshedyl 3ae ol (anb milio g (65y5liS” o.\s_,;:;b (2L K55 g Adg5 09,5 bl =Y
Oyl eyl «(g550liS gy 5 Lhjsel «lisios lojlo (sl xmbo mlio g (£5y5liS g0l 5 Clisins 35 pe ¢ okl -Y
Oyl eyl eyl 3ivee 0Bl ¢ rubs milio 5 (5,9l 0aSLisls ¢ LS K55 5 W55 09,5 ylutily—F

VEYIVIN 1y o) VEYANY 2dl)s o)l
5 5 VO i

b o 005

039 2 O Sl g &b (a5 1 9 43y 8y oy sl (Sjlnied Sl bl G3S V3 Slas b plyl i3S slagdg) 5l (S 188 g dosdo
byl s yobcos a8 asus paS ) alby > Slas j 50w Sl jl Al A 5 090 g Cas g D9y o0 Hloddy (o315 (sbaaolyy jo 4l wlddss I 4l
plxl 5l Bam il pB) (oL (sl cuslio Su3glr 28 sline S Wl g Al (A 0093 9 ey s (Slbo olal GRS NS (0 )5 ae
ol S glacig) ololid g Jad B (Suid 15 Lalpd ) U paS eyl 4l (i 0)93 9 ey )Slae 2b5)) Gimgl o]

WX2gs 01 4 Jud )l Lanbs wlie g (£5y5liS liineg olSiy] I 4T als o8, 43 ol ey b pAS byl Y VA Limgd cpl )3 1 gy g dgo
i 3,50 o) (55,58 Sl ol > oo 31 (St 15 5 JolS (6l L 53 55 )55t b ool LS (slacSsh 2 I
P W) Bad CulS mpeyio ) Hdy Feo 1515 g o Sl Ve bolad alold b (6500 YX¥ olul & )8 12 31 )0 baeuis) asyje 50 .cd)S 3
ils 3,8dee Slao adllas cpl )3 8,5 el glol (Cyiu > Bl g s 4l Lawlgl o (235 o) Cog aw > SKojolorjud (Sdawy b aalS
Gl ime BMBL b)) 3590 Slao 4lS blod Jl lacwig; o g blasme oo a5 ol lis o) 3y90 Slao (il g 455 5l Jeols uls slaadl
O S ga5 0dad (i Waies) cp BB b Hld dme e 5 dze 0l D Claw adS (4l 50 e 5 cigii Jolite jil o)l 2e2g
Sl )8y a5 s 9 5 (g Lame 93 )3 adllas 3)90 slacip & aad e Lt Jlie I (A 3 dne izzes (sl adllas 390 pB)
P S e MY (i iy lao p dildy 8y ey (:0ko 08 Ty ialS (Sis i byl b ot lacad sl ded dild iy ey LSS
Wl (5 g S50 0)93 9 Ald A )93 Jsb il (A S p Bl b 23S Ao 92 9y 53 p)S ke VTV (A (g Laee )3 9 5,
900093 9 Job 45 1,05 astiie gy oS oy VTN lawgie jeloa (i (5ds koo 4y o 5 Lo )0 aib (105 0593 Jgbo b e ialS
YEA) (i 9 baoro b dunlie )0 (mope yio 50 p)S OAF) Liis byl )0 lacuiss) 0,Slee (ke 31 padiiaane alasly dils Sis 15 L @il a4
(350 TYIYY) G55 g basomo o (59 YF/R ) (25 laes )3 iy (303 3 0)53 Jsbo (5650ke pbotr .ty (g5 BB (2ol (ape 2o )3 £)5
WY oo (59 ¥V WY ojled slacadgsy L5 Lulyd ) ol edmlie (jg) O'+) O ojlad cuigil ) &ls (b Jhe Jsbo (Rl (yida g 5obsS
9 05 bl 53 2 0 ¥ ojled gl |y s (il  0y93 Jgb cnF SV sk (35) YYIVY) WY o)led Guighy L35 (g Laalpd 5 5 (59 ¥+/¥Y)
o (Simsod &ld A5y 550 0)9 9 Sty (S O LS Siued culps gl b (olaidl sgsa |y ails a5 )90 o 5olisS (i gl
dw 1y bl (i b )3 lacuisss (sladgd (laso0 )1y dgmg (= =+ /F+¥™) [is (g b o (= =+ /YOA™) i baeo 53 (615 o
h Bowss (s glls laes )3 adllas 3)90 Clio olul p s @jg (Sl 4kl 055 (gxinog)S ados Jlez )> S5 o baes 53 9 b
B9y iy Dy s g b 0gST 350 0590 9 Jobo (glyld 48" axidls j1,8 Jol 05,5 0 Y g Ve ¥ VA N o)l lacadsss 5)S (gaeg)S Adisd dw
0)9 g yioS &by 0ySlos yolde gy aS 05 A 0 & AV & F Y slacuis; Jold pgd 09,5 g ollas 09,5 () ity (o D ySlas &) dogi by &S
shls als 055'):25\» 5 ey 5 asm adly HLE VS 50 ¥ Y AF AV Y glacaie) paw 05,5 10 Coles ;0 g L3 oligS by Al e
Db (o5 balpd )3yt 3 )Slee Mg 4 e Wlgie (Sl (AD  She 0)93 5 &l (03

Ao y> qulio (SB) £95 d925 sdimd L < 45 oanlie dalllae 3)50 (Sloceiyl§ i 2 o0y 290 Clio 4l I (2P B £95 16 g5 A
Iy 0,Sles coles jd g cubls e ,3U by ol (yjg il A 5 0)90 9 s ju il 5u)b 3l had B (Sl iDLl adllae 3)50 (BLS
Joonl b il (Sis a4 Joodie s (S 4 e Mo il 4l by Copw b glacas) bl s e 3 3 Jald
syl pijs 1) 3Shes 3 S5 lial plo bl g 1S peuds 1) YU 3 Shos Al ol oSy s (0B S50 0)93 9 &l (4D Co

S i S5 oy Ja

DS s 3 Slos o Siumard il s cusgs 16l sWolg

5 Cusl ML vekaid! a8 iS4 e ol
g ool (glyms (3o yd SA 4 S 3) o ookl oy yiin
2 doyd oA ladd paS > Sles Sl by (Sl Ll
3y30 pAiS sl IS 01iS 15 Lol (glay9uS )5 oo
Sy 5 oo VO @ YoV Jlu 3 lie el gl 5
d9 yidiwnl AiBIS ABd & Cuws ) JBy cud o

Aodlo
CMe oy ke jl (Triticum aestivum L.) 4 paS
O & 2295 bl sledar olpl )3 55 5 Olee aw
Ol Bl gl Mol cnols 213l 13 Lo el o ale )]
Coiol cponds 3 owlol i85 Sl o puiS &l 5, Sles
doyd Yo dga s (Alipour et al., 2017) wal azisly e


https://orcid.org/0000-0002-1613-4455
https://doaj.org/toc/2676-4628
http://dx.doi.org/10.61186/jcb.16.3.25
https://jcb.sanru.ac.ir/article-1-1531-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-13 ]

[ DOI: 10.61186/jch.16.3.25]

BMae o.)l)c.o.w L.w)) 9 w'& w)s.a ‘b){) Lg)wl Jy») so.)‘)u,{wa So|

YA Jad B (Sid i lalyd 35 o paS lacuis) ald il y e g g 3,Skes L5

P obsal jebhedy Glawe ol jI Bp (6yS0jll
s Lol ] Canjp g Cow (55 SHim slacures
0)9> 9 Sy plds Glho bl p (LIS &S Ao
S bl sl caslie (g Slgi e ald (1
el B & ol ol 5l L(Kheirkhah et al., 2004) .l
9 iy o g Canl ely) ol 5 Slae iuliel Solia
Lbolgy oSlos sl 5 0Sdas b &by udy 0y90 Jobo
2 b_)‘g) L)-’I )‘ Mlyu_n ULM :J)l) ) rv.p.»_w.c
Moradi &) suS5 (gybpome  mebiwmeps  wlswl
s yowwd (Motamedi, 2010; Bradar et al., 2008
puS o8, Vo )y L (Dastoor et al., 2014) ;Ko
)5 ol GRS Ggd g (St 5 kS 90 0 (o))
Gy gl wyls b &l by 0y90 45 LS
Al by 0yed b eyl b duglie o (gyde ash 4,
oly Wlg o ild W)y Co o g diome Jlaml it SYob
L pByl o S 5l (Valdes et al., 2019) sl Sis
2B daome il 5 caol &l il e YU 3 Slas
Ay S 4 Jeow sl el I (S$ leieds dBle
(Lietal., 2020) >4 o0 48,5
S slacuip) e95 L)l Giegk cnl el I San
]a)]g)wmswl.)u.\_w):a)s.)suﬁ)md)ﬁloﬁ ]ol?d)lub
Fr sbedyl plld 3oy oo ol o (Swes

g, 9 3190
Sald 08 93 olyends (U puS Coi$f VA Ghagds wl 5
b glie 5 (6jygliS Clidod ol I a4 (V Joi)
Juab 5T (S8 15 8y oo 5 ) 0900 4 o)
oSl gy By gyl 28515 adlllas )90
i g oS ool bl g3 )5 1S5 aw b dobas JulS
Ll syl (65y9LiS s olfiw] o Juad (31 Sits
L JBds @ Josyl ools (6505lS VY 50 olSius] ol i
§Y+ 5 TR ol Job 5 b sl oo WO+ ¢li)
Lawsgio by 3y 9 Suliddoy 2l L1D 9 YA Ll jia 5 ye
sl Sl 5 Pl bwgio 5 yo dee YV/A SW50
S sl 00 g8ly 3,5 sl 4,3 10V 5 —V/AA &Y
456 Candg b oy 09) SSB 93> Galejl 2)90 4 5o
Vol ¥ Jols 0 poacyie 13V Joi2) 392 oglla
2 i Foe oS5y el Yo bgbs ol b sy
als yo )3 (bl g 05 psl AR Job > cusS Dg puyeyie
9 P C3ES e a4 Gy Hslaiedr (Sl
Sy B (2l dls o 5l i Ll 53 5 plool Ll
blys > & Sppe 50 2t Jlasl (o)l @y Sojglansd
Cagh dw ) Syilsnsud (S U (25 oloj 51 G5 g
ol (o @15 30l g oyt &l Lauslgl ¢ 235 L))
Oy ey iy 3 Slae Glaws dddllas (pl 13 .8 )5 plodl
0y93 5 &b ad 1 0y90 Job iy Kid 59 Sl il
48 6503l 5 slaJeallygins Bl aild (ab 5 S5

S ygudeo YYIYVA 3505 45 puiS L3> 3 (FAO, 2020)
P ok VEOIOY ol W gaemme 45 39 oo CuiS
(USDA, 2022) sl o 3y91 5 Y VYA _elyj Juad
Ctol e plppgl Bad Sl g Cumex g Gl
ol (Lesk et al,, 2016) cul odld ybcos Iy e Sl
S35 g5 Joa & cusl (2l Jgazme (5 ol olS
g3 @Y g5 5l adlizee slalame b 5,55k 5 YL
.(Jasemi et al., 2017) ol

dply Slgioe (S5 g9 spSepe g bis
2l (S Jood gl lS oMol anl ) > s
G235 3 Slos b ol i35 (slo gy J (S 2905
(Moradi et al., 2010) cusl ( S550g0 548 Sloao ol 5
Slagios 514l (59 2 ol 3l g @l b 2 505 L9y (g
Pexee Jled Sigdpsd Ollas laadby > sl
Sk 4l 3 Sas 3y 550 Slao 51l A 53 0599 9 s juw
Rahemi) 6,5 o )8 Jaxe il psbcos o
J(Karizaki., 2011

2 Ysame bl o ol plai slailyne gblae o
23 e &5l (g sy go plosl @ Jlap Juad Lalyl
A1 (159 255 50 )18 Cug) 391e8 3L v 6500 Jole
Cod g D9y 0 ylauddy paS A 3 Slos wre sl Gl SO
bl lize ] 5 s Ll ol K55 o b
Jolss 51 (Rahemi Karizaki et al., 2015) 5,5 . )I,3
sl Casbo) (onlp s 3,SMes )3 Fhe g pre laee
psl sk > (Bl 3 (BB Cagby (el ple
ol 2 PS5 5 Sl & s S a5 slos b
Amjadi ) oSen 5 guomel (5155 b sle oo sble
Lulyd cov pliyl 5y po pusS 4l 5,Sles (et al., 2019
S lalpd 4 Cod oy olxiy B 5kl ) o2
93 33U cow aly oyl p a3 il jiald eSS o bl
ARl ad 0)93 Job g My Sy (i feree Jole
Cawl (gtio A Ad y s o (Brdar et al., 2008) )l
b (St i lalyd 3 bowes obl p wlg e oS
B9y cnl & RS Ny 335 edlitl (Mol slaasl
oMby oy (ReyNOIds et al., 2012) 5q alss )lguid
Fow > Jd lesdan glapiiSly cope Sl ab
b by 0)g0 Job a5 by sl plgp g atolds
o3l @oos Cud b .l wly (sg05 slor]d j wlSal
b oS ) 45 ils drwgs dlyo b 4l dlwgay Sits
Papakosta & ) 3¢ 0 cyuss Cal ] 51 uy oy VO-Ye
.(Gagianas, 1991

i 1l 53 el abje ds Jolis wly 05 al,s
e Lialsdl 6l dloye S )5 g ol 4 il Sts
ORIBl &S 0gde ggpd Al (1D (b A pe e
Cygo dlsye cpl o &l Kid i 5l loyd A dgus
2 XgS (0 5 A G5 S50 0)93 |y e cpl 305
Oili8l &l Siis 0ole gub 0 0dusl Sy 09 &S B
S Ll doye pl bl 55 5 85w I 5 b
xayn (Kafi et al., 2001) 5950 gl &l L (g pole


http://dx.doi.org/10.61186/jcb.16.3.25
https://jcb.sanru.ac.ir/article-1-1531-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-13 ]

[ DOI: 10.61186/jch.16.3.25]

ya

e 03ljgaed Ly g (ol Syre bS5 (] Jgm) c03lj LS dan]

VEV Y ojlouis /o 5l b / 2ly; LS 2ol 4ol yings

Lol o2 5 Gialojl )3 eolitiulyyge a5 (clacaisis =\ o

Table 1. Wheat genotypes used in the experiment and their genealogy

Pedigrees ol oo Genotype number G395 o louds
Zarrineh Gl
Heyran G2
EVWYT2/Azd//Rsh*2/10120/3/ Yan7578.128//Chil/2*Star G3
Charger/40817 G4
Zagross/Astet G5
40653//CM67A.912/CMHT76A.769 G6
Shpd/Guadalop//Zareh G7
EVWYT2/Azd//Rsh*2/10120/4/ Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi G8
Spb*'s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87 G9
Ymh/Tob//Lira(BDME-G)/3/Gaspard/4/Shahriyar G10
B1551-WH/KS94U326/3/F10S-1//STOZHER/KARL/4/F10S-1//STOZHER/KARL Gl1
MV SED G12
ART/KS990494-11-~0//KS0603A~36 G13
ADAGIO Gl4
PATWIN YR15/4/\VORONA/HD2402/3/RSK/CA8055//CHAM6 G15
BABAX/LR42//BABAX*2/3/KURUKU/4/TX96V2427/5/KAUZ//ALTAR 84/A0S/3/F10S-1 G16
SAVALAN//KRC66/SERI/3/TORIK/4/2*F10S-1//STOZHER/KARL G17
PRL/2*PASTOR//OVL/5/T67/JGR 'S'//K92/3/SNF/4/JGR 'S'//JGR 'S'/HBCO59E G18
FGMUT213 G19
Aill192 G20

Table 2. Physicochemical characteristics of the field soil

ialejl 3y90 dsyie SB olondsSid sla Sy —Y Joi>

&g Sal ao)d elsl ao s oH Oy duoyd o o) Uy Moy el
Salinity (dS/m) Lime% Saturation% Sand% Silt% Clay% Texture
2.04 5 53 7.76 31 30 39 =9 )
loamy clay

g N Clo BB sl Qlr LB jaud e ;
Mn %: ‘ﬁ: nga) Absorbable Absorbable NLi)t)rf))*:n S s
(ppm) (ppm) (ppm) (ppm) po(tSSf,iqL)‘m ph‘fggﬂ%ms (ppr) Organic Carbon%
4.27 8.56 2.52 2.32 594 2.2 0.08 0.858

by 2ul5 I o slojo,tcaly 59 GW alaly oyl )
Omgc‘;ﬂ)ﬁliWAfusbuﬁw)Ab)@bbw
ool lo 51 oye @ g &ld 0 4 0590 4LL Ty cowl &l
41>).o 9o L |) UL") & Cond &l 9 ul).u.w JAA u;l
ol &by il Jod dls o aS gl dls o 208 0 SIS
P &St Gloj o8 polie Slis & ey b &l 59
M il (dad & pgods sl (S9 (Sde) ploj Clid>
2 G (62 t0) Ay cnl 3 (g5 b S o0
odld ads” (gl Jao cpl ijlo g baas oo ol 1) «ild s
(D) wls sy e g xy > (A 5y po alyb 9 ]
(338 o pugus 5 0ol Cuwdty (f0) (S39 (S o
Caol & (59 &S GW 5 0 00> 1,8 alyly pgd Ceond ;0 1o
(1) alasly 51 ls (30 52 550 0)93 s sl 05 dlono
A eslatwl

grp =120 ()
b
551 MGW by o0 g 350 090 EFP dlayly oyl 5o
ol &by A5y sy b g &l 39
syliale s 5l ybses pwy 9 odld ajz gly
osla_wl Excel 4 9.1 SAS (ABM SPSS Statistics
S5 (glaials iz B, 1 o eSilos gl gly 13
SBAiE pawy . 2)S oalaiwl Moy O Jleis! pdaw
9 o b baee 93 3 sladgd s el g (Sl
o3listul b (wl8l bl g Ward g (bl o (55 9
(https://discover.nci.nih.gov/cimminer) CIMMiner 3! |
o 45 G 3 Wos,S 3lass s (Sl 45 O30
A edlael SPSS lale 5 5l ausuis

Hom @8 o sladiy olod &b 559 ©y00 3,Ses
R U 3 (5 4 g (n)g p)S e p il S Bl
sinlojl dnly o 5l caleiSs dliuw dw LS Slabdles )3 )
lm,aL.; Oliaw\)lﬁ)T LY JLQ.;.JI )I a9 cw]b); u_B.)L.a.' O )yguody
Jeols gadily s 1545 L pLs 5l 4l g laaliw
a9l J3 3 5,3 le as 3 VY (clod jd casls YF Coods
&by 59 Slpsd Mgy oy b del Cawday jastine ol
S (jg S Slej) (g Sy lej 3 & 2l 09
A asade (Col SW ey ol Al Lol b
o (b &l Suis g (i Sl 4 295 b (e
5 b Jae Gk il culnl Subie @eos (lad A,
b (ot 13 el gloj b s (2l (g e dlatly sleSS
Olysd g )Sy s (V) duly oluly 5 08 o
.\Jb)f 3)9]).3 by U'\"")" sy
_LXYi - EX)@EY)/n ()

TXE - @x)’ /n

2 0 Al 58 Vi gy pdises slajsy Xi Y dloles jo

5 dy9lp yolaieds .Cunl diged S N g (g3 pdiges
Joo o jh Al (ad 4 bgrye slajiel)ly Jelodiga o0
5 DUD wy, (wlol n (slSS93) (s oS,
odlasiwl 5 yeods SAS 38l 5 Proc Nline Joallygiws

a+bty, t<t,

wiely ise (v


https://discover.nci.nih.gov/cimminer\)
http://dx.doi.org/10.61186/jcb.16.3.25
https://jcb.sanru.ac.ir/article-1-1531-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-13 ]

[ DOI: 10.61186/jch.16.3.25]

Ghae 030iged Lun p g (ol Cdpmo S5 (500l Jou) 03l ol oo

¥ Juad Bl (S i bulyd o b pasS slacasips alb ady ey g3 Shos (b))

s iy ab ad  Cegw LY ojled cades)
o)l s 93 4oy il b SBe Jo b oy yieS
$50 0y50 il by Cae g i)l Ll o LS ol
2 P50 0y9d 4 dl.!bwy) ol a3l uu.balf &l O 2
Srm o b b Ce g g )l algS wly ud
B adaly o)y (Yarahmadi et al., 2020) s
A A S5e 0yg LialS &S il by (Egli, 2017)
sk G5 Laulyd 3 &l (il Gy GRlEI L olpen
2 ke hole g (2) QLS 3 Sl ey S Wi
Ll & s 25 Ll )3 5 Shas (815 5 e
3, Slee ilial slioly jo o Solpay Cdel bl i e
Slooly il w1y il adys (550 090 dtwlgdl jaboas
.(Kumudini et al., 2001)

O bz > Al (a8 )90 Jsbo (1S yobay
FoUsS (59) YVIVY) (5 (g baumo &y G (35, YY/A+)
o)lod Guigif 3 &> 4D e Job Sl o i g
o)l (glacuiesy i baslyd 40 b sdalio (j, O/Y+) O
P RS g baalpd 53 9 (59, F/¥F) WY g (59, 1Y) VY
Gl b p0)9> Job (n 5 SYsk (59, FY/VY) WY o)led
A5 g 9 A5 Ll 93 58 3 Vol gl i
(¥ Joia) ols olazdl sgday |y &ils a5 09 oy yi0bisS

@Vl g Cute (Shuwen &b 13y 0y Job
& obcuiel cuil &l Jud 350 0y9d L (r=+/AY)
O g Cegw sl iyly alisS wly yud 4 0y90 Job
gy (6 by &by

kbl (Paknejad et al., 2006) ,Kon 5 sl
Jasl b b fad g dege by (Sis is a8 acsb
209> Jsb (Rl (S @l g S g 4Bl Sl g
Etesami, )  olaicl 598 0 4l (59 LinlS 5 &l oy
0353 Jsb &5 cuils by 9 pB] g5, (slaslllas 13 (2007
Sbowgy jl 5 oYsb i oy el b »
ol AL (65308 dgup eadgr}
Wl SUS (59 S5l

G b e s i3 g ST L
O g e 4 Cad (S e YAOY (1:S0Ls)
255 LY Jpis) 39 ly il (5 on YONY S5
O 2 P50 0)9 5 4> (S 2 0)9d Jsbo 4 bgyje ol 4
Siid i Sl 50 ool Cuwddy bl b bl auslie o <l
0y93 9 &b b 0y9d Job 48 23,5 o Lasuin &b
2 00 e alsly aly Sis 59 L Al by 350
Gl AD oo 0)93 9 &b A o) Jsb jai> e
A5 Al gile @b ol SWs g5y Sl Wil i
(Yaghini et al., 2020)

bl e ) (p)5 oo YONY) Ve 0)losd i
OYNY) 5 5 (oS ke OFIFY) B (slociss 5 i
e L1 GRS g baee )3 S yidie psboy ()5 e
N N0 ojleds lbcady) Cpired idgy dild i i
Ot 9 OB hls bazee 93 3 3 S yide jboey VA 5 VA
(F Jon) asuals Iy s S5 (g a8 5

e Slis (1 pie) by s ) Jolo it
Sl bld ) bewis; 5 blase oy 45 ob ol ;)
g3 Jolate 3l dgsg (o)l e AU LUl 0,90
390 Hbgre b S Gl alS gly 8 e
ol i euighy cps BB 139 510 iz (Y o)
Mgiae rzmen ol adlllas )90 pB)] (0 (S5 £5-5
> addlas 3)90 slacuiij oS s o oLi5 Jlite SI 39
sl SlasS sy i gl g (5 e lare g0
H LR WO LT

P lacss) 5 4l bjg Sl Sgme)S) W)ln
s Sysods Lol 3wl ie a8 o lis objyl 3)se
bl (6 s 395 S 4 s Sl ey 9 Bl ol
St i byl s ot beadgl den Al ud y Gy
g o5 @l ol b lae (¥ Jgaz) 05 1y ials
oS Bl gyl bxe (Dastoor et al. 2014) )\Sen
blpd ) (@ b bL) (Fig (S 2,8 G535
el balyd )3 9 5g) TV L VA ) Juab (slail (Sts s
90 (¥ Jgio) ol Cuwdey (2Al5 5wy 5o, FY LY 0 LS
S Ggde 9 U5 Lo 93 p2 3 Ve 9 ¥ o)led o
GBS e dg: JI3y05 0 Al (S Sy cp 5L
9 Jad ol (S (i 3929 Ll 93 52 ) V7 o)led
i Iy alb ud G pyieS (oS glol bals
(¥ Jsiz) o olaidl
oy oyl LY o)l udgi) &S gysboas Bl als
9] 9 Al (D F50 0)93 (2 olisS > aily (b
2 50 0y9d dl)l.) &l O sy u)).«.aSLs V& a)u
Dy GRS G99 RS kulpd 93 a g3 655k (0
093 Job odimd L oy g0y a4 dild 59 o]y oS

2 Vb b 3 )Shos ¥ o)l gy a5l & g L
95 ol e g Sl GRS (9 9 QA baee 93 58
o) plo & Comd (6 50bgS 4> (1A 0)93 )
b 3l o) nl YL aSles & O lgie o
by by S50 eligS 0y90 ;0 wlb b p oYL Ce g
(F Jgis) ol oal Comsey
G5 8 2 8595 Jgb 9 (i 32 550 093

b 4 G i basee )0 dib ad 5 350 )90
oM p P Jsb (Bl cn e g polisS LIS (el
A csgs g (o YIFY) 0 o)lad slacusys » ab
Ot (59) YEIAV) A o)l gy o odaliio (g, Y/5Y)
S (59) VYIYF) Y 0)lod iy 5 alld (o 0 350 Jsbo
Lo 43 g Asld i3 gy lawsee jd by s 350 Jsbo
(39> YYIYA) WY 5 (59, YA -A) 0 slacssss (a5 (yo
Jobo 03505 (39 VOIA )Y 935 9 ooyl S oy ooty
(F o) et | als (05 1 30


http://dx.doi.org/10.61186/jcb.16.3.25
https://jcb.sanru.ac.ir/article-1-1531-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-13 ]

[ DOI: 10.61186/jch.16.3.25]

)

e 030 Lun g ol Cdjpmo S5 (5ol Jgu) codlj ol sos]

VEV Y ojlouis /o 5l b / 2ly; LS 2ol 4ol yings

Lz 53 53 ialejl )50 puiS Ciliseo (glacuis] )3 o)
P50 0093 9 Sy (&S 2 (LS A (9 9 A5 ()
oS bz 0 (6 e g e (Siumer &b Ad p
..))I.) d9>9 (I’=—‘/\°~\°**) LJM 09"\J ]a.om 9 (r=—~/\“aa“‘““‘)
0)99 Job 9 Gy (yr (el I3 xe g (e (Sunsed
S e g (1= =+ /VEA™) i lasxe (o &l 0 p

5 e (Nurod (O Jgia) cudls dg2g (r = —+/VVY™)
Oliiee g &ily (45 5 S50 0)93 § S pr G )l Sne
Soughi et al., 2020;) cuwol sad )5 56,500
.(Dastour et al., 2014; Yarahmadi et al., 2020

A5 g 9 A5 kalpd 93y )y 4l (g ST
Gl (8 0y9> Jobo g Ald 0y Fhe 090 Sl 4
0o (B Jod) Cudly 3929 (61 ire 9 Cuto (Sumo
D ime g oo dild ud p ey b il 5 Sloe | S
(B Jgi) 292 Joidme st 9 52l &l (0 5 0)93 L g
bewigs il 3,Sles i bylyd o oS ol gl gme
S pobds al Wl by Ce g Wl cou baos
R Gy G5 ph lalpd )3 4 ST el Hlebl Gl
sl (Sen 5 SV e dily ad y 350 0y9d b &ild oy
Colaalay dogi b Lol il aisly (g ssllas 0l y ()65 oS
DA & Jodie g (190395 PB) (B35 5 (3l (slaasli
byl s ges Blod b aily i 5y e puo ¢ Juad 31 S
93,5 g 5 G Sy Kitbag 5 St ol Jlnns
Pl aboSlee ials Klg o aly A 5 e g il
G5 54D e 0psd S ol b Bites 4 g Laylps
Br Sl gl ol pedle loi oy ol oo
Gl UL @y ad g & Wlazaly gl oyl
S cnl 3 ool cplply Cunl Hlap08 0 gy (S5
Hosseinpour ) cul yolezel JlB Mol sladolyy )
g b Ay Gy o Hb e (Siunen (et al., 2007
Dastoor et al., ) o)Sen 5 j5u0d bwg 4l 5, Sles
5» (Rahemi et al., 2015) ,Sen 5 ool) 5 (2014
Lol 035 u»)l)f

5 oy o Slas Lnlg, izej > 5305 Slilas (5558
3 &S ol el sad plosl puiS > &by yud y 0y90
o Jolss 1 Su s 8y ey Slilllas ol 48
bsyl cpl el dily 0y 0590 b b3yl 4o 5,Sles saiis
L Ody S oI gl Bl S sy
P &S able )0 aoydg; 500 Byl lasl o Slee Slis
el (oo Jlon i 929y (Suid (A5 L A8 Juad (LL
L sl olpar 3 Sdas (ialS b w)dgj gl (ST 4o Lol
3wt Sl Al as g 0yed slaan]d 4ol 4 an g
2 Gy holi8l can 50 Ol wilsl e il Sauw,
0%9) 9 Jgaze PB4 ey sl () iy (05
55 Jolgs 53U Cod gl Al (ad p o p Al 0
Jolos Al (a8 5 0)95 Jsb 3590 3 (g cunl (G9))
(Brdar et al., 2006.) scuuwn o0uLS s b Jeoxo
Coy b paiS Slacuig) &5 Cusl 0dd ()1 (pioren
Wlgs o 0ligS Aild sy 0y90 Job g iy il (sYL

O bl ke 3 5 Sles Hlai Gl Sl 4 axg L
Voosled g GG ogk b )3 9 Y o)led i)
#8510 ally dF Jgaz) 2ol 1y a3 Shae iy
2 YL Sles eudio Bilgi sad (loiiay aily Sid 59
OMEy 0)93 5 Cs o (65503 Jaloe g ML s S
P by alis )0 s ol 0 g dliw (o ails dlas il
(Yarahmadi et al., 2020) ¢35 L
&l 3 Slos

Ll 55 iy >Shas xSilie o 3 i ol
G G b b dlie )3 (pyeyie y3 p ) 00) s
(F Ji2) cutls (az 5 B inlS (o sio > o5 YPA)
alyabo Sl  Sid (i g o dlase a5 b ylon
Lol 02> (5alS xp0 o 10 £,5 WY Jlide & lawgio yob
Dastoor et al., ) o,Kan 5 j5iwd lawgy golie zls
el o5 &) (2014

Fo 2 oS AYA)Y o)l iy G5 (g baee 1
Fo > p)S FO) Y gy G5 Ll b )3 g @y
28 8l s 51y 131, s 3Ska ey (e
olesd (slacigif 4 by e (AT (9 Laoe ;3 4l 5 Sles
Voo (e s 2 p)5 FOV) WA (e i 53 p)5 £OV) VY
Sl lae )3 9 39 Sidie yobo 4 (mye 1o 3 p)5 7))
£ OYA) A 5 ¥ @y yio 3 p)5 OVF) A slacuisi) s
Fo 3 p35 OFF) 0 @y yio 33 £)5 OF0) WA gpe 320
(@ 5o 2 p)5 BOX) WY mye yio 53 )5 OYA)V e
38des (a8 Sytie pobo & (giye yio )3 p)5 OFY) 5 4
(¥ Jods) sy 1y asly

I oam Sis i  ab oSl ialS cde
g 5 b ol el b @ oy e 1) SLidles,S
Lo wlagss (Alipour et al., 2020) cuils bag o o
cely; gl 3 Slas 4 (pliwd glaiod &Sl
SltdloS alsyo ) jlidyg0 Ol &S Canl (gy9p0 A5
Ahmadi Lahijani and Emam, 2013;) 34 (yels
Ardakani et al., ) ,Ken 4 55, (Kakaei, 2023
s Lol ]y Sis 2 5] b 5 Sles ials (2007
5l Qla Cap ol (Bpan (65l Gl @S g
Tavakoli, ) IS's5 .00l Cans  Jolw oy clale 3 YL
e g st 5l LS5 (oLl &5 sl gl (2003
Dy puiS Wl 5,Slos
Olio f (Swmod

Osr 9 U5 haee 93 53 Slio (g Laily) duslie
5 e Lt & il olost o (Sih i
Ao bl sl yad L s 1 g sl Luly) cpl 2 635
bulyd & a2 b (gl baoee o (gl > 3 Sdas 90 5
. (Golparvar et al.,2008) 5,5 <40 )]

oS Sl el > e sy Sl (S
Llgy Syl Slas il )b 5l > Slas pudiuns ps
Sl Sl plo g 3Skes Gl 5 3Slas o oz
Saba ) sl phe g5 o 3 Slas gy 5 ol )3 Cudige
Sy3e lio (y Stawad olys mlo (et al., 2018


http://dx.doi.org/10.61186/jcb.16.3.25
https://jcb.sanru.ac.ir/article-1-1531-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-13 ]

[ DOI: 10.61186/jch.16.3.25]

o 03liged Ly g ol Cdpmo S5 (500l Jou) c03lj ool oo

vy Jad Bl (Saad i lalyd 1 o paS lacais) al (b p e g5 Shes b5

‘Mojtabaei Zamani et al., 2006) cusl oad 555 AS Mg oligS My 0yed b e 0 g5YL 3 Slas
.(Dias and Lidon, 2009 5 Gy o Oldlles el js (Foulkes et al., 2009)

EoP e o (Kot &> 3 Slas 5 (459 b &by ui

O (gl 9 (S 5 Il cod puS il (glapY 3 Sles g ) Slaogad p be Sl bl 455 Y gl

Table 3. Variance analysis of environment effect on growth characteristics and performance of different wheat lines
under drought stress and non-stress conditions

Mean Squares Slaye (5 Sibo -
. o s N & ae R - e - =) "
S s Sl Sis 59 Sl S S 090 Job Al s p he 090 L Sy Phe G &l bl é_%l“
Grain vield Maximum dry grain filling Effective grain Grain filling df Source of variation
y weight of seeds period filling period rate
899947 1551.9617" 160.5560™ 46.7544™ 0.8444™ 1 . Lo
Environment
379.01 18154 04482 0.346 0.0006 4 o Sxhew
Replication (Evironment)
17475.23" 96.8008" 73.0317" 49,7656 0.1358" 19 55
Genotype
4639.31" 6.3196™ 3.4797" 45154 0.0058"™ 19 bame X iy
Genotype (Environment)
267.02 0.9686 5237 .6306 0.0002 76 s
Error
IO
12.40 2.34 2.01 2.41 1.15 A

Coefficient of variation (%)
*, **: Significant at the five percent probability level, and significant at the one percent probability Tevel, respectively

_ RS Ogh 5 085 bl 53 s o (060ke Clalie Y Jouo
Table 4. Mean comparisons between genotypes under stress and non-stress conditions

Traits olaw
4l 5 ySlas b Sis e ST &> Sy 0p90 Jobo &> S g 5o 093 &> Sy sy 5 Locs
Grain yield Maximum dr rain filling period  Effective grain filling period Grain fillin o : i
(gr/nxz) weight of seeds (mg) ¢ (da\g P g (day) P rate (mg/dag) Genotype Environment
646 ab 40.00 ef 32.56 hi 30.23 ] 1.3233d 1
650 a 38.83f 37.75cd 35.52b 1.0933 i 2
596 d 36.03 gh 28.43 k 24.46 m 1.4733 b 3
536 e 36.93¢g 34.48 efg 32.12gh 1.15h 4
546 e 43.17 be 34.47 efg 33.64 def 1.2833 e 5
563 e 44.53 ab 33.83¢g 32.35 fgh 1.3767 ¢ 6
548 e 39.10 ef 37.44d 33.75 def 1.16 gh 7
534 e 40.70 de 35.04 efg 30.46 ij 1.3367d 8
538 e 42.07 cd 34.97 efg 36.91a 1.14h 9
630 ab 4513 a 31.83i 29.57 jk 1.5267 a 10
634 ab 35.83 gh 38.88 bc 34.90 bed 1.0267 j 11 Siid s
617 bed 40.70 de 40.94 a 35.39 be 1.15h 12 Stressed
636 ab 39.67 ef 39.21b 34.10 cde 1.1633gh 13
627 abc 37.13¢g 41.00a 35.71ab 1.04 14
619 bed 33.43i 35.43e 31.84 gh 1.05j 15
599 cd 32.87i 35.20 ef 33.85de 0.9713 k 16
559 e 4247 ¢ 33.98 fg 31.69 hi 1.34d 17
545 e 33.73i 29.05 jk 27.651 1.22f 18
643 ab 33.87i 29.74 28.70 ki 1.18¢ 19
627 abc 34.47 hi 33.72 gh 33.14 efg 1.04 j 20
595 b 38.53b 34.90b 32.30b 1.20b ﬁ?;;
811 cd 48.77 bed 34.50 ik 30.80 gh 1.5833 b 1
828 bed 43.42h 37.72 fgh 33.83 ef 1.2833 hi
878a 43.43h 30.51 m 25.80i 1.6833 a 3
661 h 46.70 ef 38.95 ef 35.29 bede 1.3233f 4
745 e 53.33a 39.77 de 38.08 a 1.4 de 5
723 ef 53.17a 36.77 hi 34.30 bedef 155¢ 6
673 gh 50.30 b 40.98 bed 35.50 bed 1.4167d 7
726 e 47.23 de 38.89 ef 34.06 def 1.3867 e 8
737e 46.77 ef 35.86 i 35.79b 1.3067 fgh 9
853 ab 50.07 b 33.65 k 31499 159 b 10
821 cd 45.23 fg 41.11 be 35.52 bed 1.2733 ij 11 O g
854 ab 45.20 fg 40.50 cd 34.33 bedef 1.3167 fg 12 Non-stressed
750 e 49.10 be 4321a 37.29a 1.3167 fg 13
835 hc 44.20 gh 41.84b 35.64 bc 1.24 k 14
835 bc 39.30j 38.19 fg 34.17 cdef 1151 15
822 cd 39.43] 37.56 gh 34.91 bede 1.131 16
652 h 48.30 cde 34.23k 30.63 gh 1.5767 b 17
657 h 39.43j 32.371 30.50 gh 1.2933 ghi 18
697 fg 39.67 ] 32.021 29.82h 1.33f 19
801d 41471 35.59 ij 33.17f 1.25 jk 20
768 a 4573 a 3721a 3355a 137a oSl

Mean
Means with common letters in each column are not significantly different based on Duncan's test at the 5% probability level.
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Table 5. Correlation coefficients between assessed traits under drought stress conditions (above the diagonal) and

without stress (below the diagonal)

GY MAXW GFR GFP EGFP ULLD . boome
Traits Environment
- " - al> GAD 5 e )90
0.175 0.341 -0.358 0.861 1 Effective grain filling period (day)
(EGFP)
0.306™ 0.317™ -0.375™ 1 0.870™ b ()15 5 0y93 Jobo
Grain filling period (GFP)
0.308" 0.674™ 1 0.272" -0.404™ b (b Cue g R 9
Grain filling rate (GFR) Non-stressed
" . . " &l Sis yjg Sl
0.476 1 0.710 0.379 0.351 Maximum dry weight of seeds
(MAXW)
1 0.444™ 0.344™ 0.305™ 0.142 o 3 Slos

Grain yield (GY)

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