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Comprehensive abstract

Introduction

Heat stress is a growing threat to food security and agricultural production. Terminal heat stress is a
major abiotic stress especially in tropical and sub-tropical regions dramatically affecting crop growth
and yield. The use of early-heading bread wheat cultivars is an appropriate method for many grain-
producing regions experiencing terminal heat stress. In this experiment, the effect of terminal heat
stress was assessed on morpho-phenological and yield traits of bread wheat cultivars and near-isogenic
lines. The objective of this study was to use cultivars and near isogenic lines with early flowering to
investigate the effect of earliness on grain yield and some phenological and agronomic traits of bread
wheat in order to obtain superior cultivars and isogenic lines in terms of tolerance to heat stress caused
by late sowing date.

Materials and methods

The experiment was carried out in split-plots based on randomized complete block design with
three replications in Shahid Chamran University of Ahvaz, Iran, in 2022-2023. The main plots
included two sowing dates, November 23 and January 23 (normal and late sowing dates, respectively),
and the sub-plots consisted seven bread wheat cultivars and near-isogenic lines (Roshan, Kalheydari,
Mahdavi, Roshan’s near-isogenic line, Kalheydari’s near-isogenic line, Mahdavi’s near-isogenic line,
and Mehrgan as control). Sowing date with desired temperature was considered as control, and late
sowing date was considered as heat stress to ensure heat stress coincided with flowering and grain-
filling phases. The data regarding grain yield, spike weight, grain number per spike, grain weight per
spike, 1000-grain weigh, biological yield, harvest index, plant height, days to heading, and days to
maturity was recorded.

Research findings

The results of this experiment showed that there was a significant difference between bread wheat
cultivars and isogenic lines in terms of most studied traits. Heat stress induced by late sowing caused a
significant decrease in grain yield of cultivars and near-isogenic lines through a significant reduction
in spike weight, grain number per spike, grain weight per spike, and 1000-grain weight. Reduction
values of the traits in cultivars were more than their near-isogenic lines. Heat stress led to a significant
decrease in the grain yield of Roshan cultivar, Roshan’s near-isogenic line, Kalheydari cultivar,
Kalheydari’s near-isogenic line, Mahdavi cultivar, Mahdavi’s near-isogenic line, and Mehrgan cultivar
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by 36, 35, 31, 31, 35, 32, and 30%, respectively, compared to normal sowing date as control. Decrease
values in cultivars were almost similar to their near-isogenic lines, but Mahdavi’s cultivar and near-
isogenic line as well as Mehrgan cultivar showed the highest grain yield in both sowing dates
compared to other cultivars and isogenic lines. The isogenic lines were approximately 7 to 14 days
earlier in maturity than their cultivars. In near-isogenic lines of Roshan, Kalheydari and Mahdavi,
reducing the number of days from sowing to heading (5, 6, 11 days, respectively), and the number of
days from sowing to full maturity (8, 7, 14 days, respectively) as two main components of earliness,
caused to minimize exposure to terminal heat stress during the flowering and grain filling phases, and
higher grain yield and stability.

Conclusion

Overall, the results of this experiment showed that the studied near-isogenic lines were superior to
cultivars in term of grain yield, and agronomic and morphological traits. Mahdavi’s near-isogenic line
using the earliness strategy and shortening the number of days to flowering and maturity had the
highest grain yield and stability, it is recommended along with Mehrgan cultivar for both normal and
late sowing date conditions in Khuzestan region.
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Table 1. Meteorological information of the experimental site (2022-2023 growing season)

Month November  December January February @ March  April  May

Maximum temperature (°C) 32.3 26.5 25 26 294 36.6 46.9

Minimum temperature (°C) 11.1 5.6 2.9 6.1 7.1 10.7 194

Average daily temperature (°C) 19.4 15.3 14.2 15.5 18.3 24.3 335
Precipitation (mm) 15.9 20.5 45.1 13.8 17.2 20 2
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Table 2. The results of physico-chemical analysis of soil at 0-30 cm

N K P H Electrical conductivity ~ Organic matter Soil texture
(%)  (mgkgh  (mgkgh P (dSm™) %)
0. 098 231 11.32 7.45 3.50 0.43 Sandy loam
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Table 3. Mean squares of morphoological and yield traits of bread wheat cultivars and Near-isogenic lines under two sowing dates
Grain number Grain weight  Spike 1000-grain Biological Harvest Plant Day to Day to

Source of variation df Grain yield per spike per spike weight weight yield index height heading  maturity
Block 2 1077258 19.73" 0.129" 0.534* 0.228 " 2924560  43.69™  3.16™ 16.2" 34.4"
Sowing date (A) 1 40794772 161™ 3.69™ 5.364™ 32.26™ 245543064  49.07" 462677 52817 13644
Erorr (a) 2 227785 10.45 0.028 0.025 4.87 484272 22.43 6.16 0.21 1.16
Nearisogene lineand ¢ 507 g6+ 487" 0577 0928 300 104208817 58.89° 248 130" 203"
cultivar (B)
AxB 6 277899" 8.44" 0.033" 0.054" 2.43"s 44143390  54.46" 88.8" 9.09" 12.63™
Erorr (b) 24 103241 3.66 0.009 0.037 4.54 5033907 19.80 36.4 0.13 0.21
CV (%) 6.39 6.27 6.47 8.59 4.02 13.90 13.98 7.91 0.42 0.41

ms, “and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Mean comparison of bread wheat cultivars and near-isogenic lines for spike weight and 1000-grain weight
under two sowing dates

Treatments

Spike weight (g)

1000-grain weight (g)

Sowing date
Normal sowing date

Late sowing date

Near isogene lines and cultivars

Roshan

Roshan’s near-isogenic line

Kalheydari
Kalheydari’s near-isogenic line

Mahdavi

Mahdavi’s near-isogenic line
Mehrgan

2.62°
1.90°

2.02°
2417
1.72°
1.84°
2.63*
2712
2.52¢2

53.8%
52.1%@

5274
55.9°¢
59.3°
63.6°
46.6°
48.3 ¢
4431

Means followed by at least one letter in each column are not significantly different using Duncan’s test.
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Table 5. Comparison of means of interaction effect of sowing dates with bread wheat cultivars and near-isogenic lines for phenological and yield traits

Grain yield No. of grains Grain W'eight Biological Harvest Pl'a nt Daysto  Days to
Sowing date Near isogene line and cultivar (kg.ha™") e;r spike per spike yield index height headin maturit
& per b ) (kgha) (%) (cm) S
Normal sowing date Roshan 5689 ¢ 33.2°¢ 1.66°° 14513 ¢f 38.2% 105 ™ 104 ¢ 140 ¢
Roshan’s near-isogenic line 6545° 34.6° 1.98° 21460 ® 30.8 ¢ 118¢ 99 ¢ 132¢
Kalheydari 4137 ¢ 22.84 1.22 ¢ 13528 ¢ 29.9 ¢* 115 103° 138°
Kalheydari’s near-isogenic line 4719 ¢f 2454 1.43 ¢f 13839 <f 34.8 &d 1192 97¢ 131°¢
Mahdavi 6710° 42.5° 2.07® 23252* 28.9 % 103 b 101 ¢ 135°¢
Mahdavi’s near-isogenic line 7293 * 47.1* 221 24289 * 30.3 % 110 90 * 121¢
Mehrgan 6951 * 46 * 2.14® 19026 ™ 37.4%¢ 97°¢ 90 * 123°
Late sowing date Roshan 3640 0 22,64 1120 12446 30.6 ° 46 % 79¢ 101"
Roshan’s near-isogenic line 4279 f 24.14 1.28 15035 4f 28.1% 544 761 96
Kalheydari 2860 14.6 ¢ 0.871 77410 37.5%® 42 79¢ 99
Kalheydari’s near-isogenic line 32561 159¢ 0.99 1 9823 & 33.5%d 43¢ 741 95k
Mahdavi 4388 ©¢ 338¢ 1.33°¢ 17904 b4 25.2°¢ 33f 77" 99
Mahdavi’s near-isogenic line 49399 334¢ 1.48 ¢ 17531 ¢¢ 28.3 % 43 < 70! gom
Mehrgan 4883 & 4883 ¢ 1.50 < 15578 =f 32.1*¢ 41 72k 91!

Means followed by at least one letter in each column are not significantly different using Duncan’s test.
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Table 6. Correlation coefficients between phenological and yield traits of bread wheat cultivars and isogenic
lines under two sowing dates

Trait 1 2 3 4 5 6 7 8 9 10
Grain yield 1
No. of grains per spike ~ 0.93" 1
Grain weight per spike  0.99™  0.93™ 1
1000-grain weight 0.44"  0.68™ 0.450" 1
Spike weight 095 0.89™ 0.95" 043" 1
Plant height 0.63 042" 0617 0.25" 057" 1
Biological yield 0.86"™ 0.85™ 0.86° 0.50" 0.85™ 0.42" 1
Harvest index 0.046™ 0.061™ 0.054™ 0.18™ -0.12™ 0.21™ 0.44" 1
Days to heading 0.48" 029 046" 026 043" 0917 031™ 0.18™ 1
Days to maturity 0.53 034" 0.51™ 022 047" 093" 035" 0.19" 0.99" 1

2l gy Sl 5l O e o, ails o Slee @l L
SYsnl 9 0, b Cals &b g e s ol Al
(O Jgaz) cils g plp (904

b )0 dl Gig G g (Kot o pd
ol e =+ /A¥7%) Lol ali s ails sluws b Lo
ol e ol a0 dils 59 el oS canl aSS
o ol aliw jo als slows gals b las e iules]
5 ohgds SalS pl g 0g pm s cuS Lyl
RS S 3l e S ek oy 9 P9, Yol
o Jolo olass jo Cglay @ alocST 59 s Jdo
s als (b Cepe s Gad ok o]
Canl 00l ooy s Gruwsd olee LA a8
5 kel dcs o wls 59 @l (Fischer, 2011)
(ialesl nl o eads dalllas lagnVsil 5 laed; o
2l Gy ) el it sl sty Sy
Pl S ol a5 wes e lid g el ala
ooliial 5 3 Slae (5l 5 Lk b LS 25 4 i
Tewolde ) sls 0425 poiS sol5ar slaaalip jo ol
(et al., 2006; Modarresi et al., 2011

kol abcaw (39
slapley o as ol flas oesls il yly 4y
kol Al 53 Sl 5l Y g laed; G 5 5 (2l
Sy doy K Jliol mhue o gyl goe Dol
bepY g bed, L cuill ol Seen Jy il
ciS as ol las mbs (Y Jgaz) osd ol
Al 39 oy YV g o s ialS coms K 500

Yy

ol adaw )0 &l 59
ol hol alis po ails (55 s 32 @b
5 Lpdy om Geizmes g SO Glagley o a5 ol
Sles S m 5 doys Ky o gl 55 oY
Oolds woyd @y Jlekol v 5o (Y g 08, b cBlS
S en (F Jgaz) Sy vz gy s
Az S oS oy las Y g o, xcanls e
> al gy logie el 4 e Sslite jobay
Pinay clS o b oY 5 s, ol aliaw
08 5 o Vol 4 alis o dils Gie o e
B e IS ¥sil 5 08, 4 ol (iS5 O e
5 3y 50 Al 39 YL 50 el o il o cile
5085 0 Ol (PS5 e 0dy 5 e Y
(B Jg92) b osalie (19, 08 5 559> SIS (Y55
ralS 4 i plin o iS5l U sl S A5
O3l oY oy w8, s bl Al o als (5
o) o> 5 Gianl Y e B Sy b,
ciph OB e 03y 9 e Oarl (Y e
P PR WIS PR R R F N P B W A 1 G| JOO P
5o als slaws Ol Wgy gy p A e cllS L
039 4z 51 aS sl lis plie o cuils o Lol ais
2l banslie )3 soae (¥snl (ol abiw jo il
polie g 0g o9 65 S5 ey 5 Lags,
P L aslie o sl slognY 5o GG el
ol das jo dils (39 polie Jlcpl bl snalin
ssbd <8 &)l 9o a0 gl slaceY St 59
Gebate (uizmen g abg e oB)] I St (2 B



O 5 555

e ke slahlS el o Slee )luk 5 ©lS
Blo e o3 2 Jad A1 sl i 2l b
5 (Omidi et al., 2015; Joshi et al., 2016) pu5
3,18 3¢>4 (Oraki et al., 2016) o>

5,90 GlacpYenl oS ol las iabesl cpl mls
b amlio )3 60 U5 5 (pB9) Vil oiage axlllas
(ol yodle aing 6 YL &ls i 59 slls 095 pB)]
23 > U5 5 gy (Yol s o8, Al e o5
5 Soxe Yol g o) 5l SYL Colye CBI b g0
Sl b Lo pe el (el (l 45 39 05 e 03,
szl Gl Flg ol ol dlaw jo als 568
g5 il 3 Shes syl 5 Lade sl o 5 Slee
Omidi et al.,) paiZ o als e 5 s 5l SL3
Oraki et al.,) ¢> 5 (2015; Joshi et al., 2016
ol 0s o35 55 2016

0095 Comnt j & ySlos
slagley o as ol flas oesls il yly 4y
g b o3l ooy S an 5 o 5 Lagd, ctls
Sy il s 5 ogicany; 0 Shae 5 51 lagy s
X Jeaz) cuils vgzs )b gae Cgl wsyo
STy 5 Sl Lo 5 lagd, b calS e 25 on s
aalllas 3 90 slacnY g lapd; 8355t & Shoe Sglie
b plle s CiS g o alide CllS glag b s
0395 Cimy O8kee Jlpme falS 4 e Sglite
O 8hes o Pt pllmay S5 50 al oY g Laps,
o35 4 Ol 02 5 o (nYoil g ofy 4 0o ey
Bl e el Gl gy IS Yl s 08, 5 b,
5 05y @ oeoglen) OSbee iYL s plie o
Gox 5 ody 4 ol et 5 el (Y]

O Jguz) céb plais]
Gl 4 e pllim o cBlS 5l (B0 b S 25
0393 Y «rbyy 08y 50 edgilumy 0 Sles o gixe
0y s> S5 el Y i IS o) b
S OB e 18 9 e Ojonl (Y e
Al oy YA 5 YV VY FAFY e O e
S Oionl Y ;o ke (Rl polie az S
Slopd; b anlio )0 (2e)3 Yo 9 TV i ja) 39 9
polie Jg s samlin (o, VF 5 VY Cuiga) o]

&b 5o 2 0 Olsnl by ;o edglun o Shee

¥

5 Byl den o Kaa cuS L oAl o Lol
(5 VIPY) (ol Aliw (35 i 8 LYl
(5 VD Ol ke (2 3eS 5 plimay ciS @ by
Om Dl (F Jsaz) og plla s ciS 4 bgye
Megie hol dow 059 )5 5 5 lacnVanl 5 lagd)
VIPY b s i s9see ool g 08, &5 lasgSa oy
x> IS Vol g 08y 9 ke Gl e S YIVY
s (s eS8 VAT s AVY L ool
(¥ Jguz) Nog Lol
e Gighy onl 5o il o Sles @l b Gelaie
039 P L awslie jo aslllas 5,90 slagpVgnl a3 ol
L lacuglas ol ax 31 ols lis 0e5 51 6 YL Al
Jo o4 0g bgme by, (nYsnl g e, om0
AV il o Vil 9 08, 5o el abi 59
Sl el (pl a5 0 Vel ed, ple
Ly boo¥apl g o) ol e B b by
A2l dils (ol p g (el ol o Jad Bl S
2o 559 b il (Sueen ol Al 5
=AY alis o als slaw 5 (F=+/0%%) aliw
ol Vb 523,58 5 (Sl (Kraen (pl a8 2l

ol a0 als slass g ails 59 5l s

&> 13 (439

CllS b as ol plas beosls uils)ly 4526 bl
5 bl o (o sl alls Jlim (39 p 6yl 3l
Obey RS 5 sy S Jlisl mlaw o b
Dol doyo iy Jleixl mhaw jo (pY g 68, L cuils
(Y Jgaz) ab cdslie wils e 59 Jha 51 (g0 cime
WS et g She Jelse on et Sl Se Wl (s
2 0bey D g Sae e dy (S 85 w0 4l 3 Shas
()5 PYIF) «ls i 58 cnpoiem o)l als s
5 b, nlo b &S os Gy IS (Y5l 4 Gl
YY) o) yinS 9 clils ghlosine Dglas oy Vg3l
(F Jgo2) 28l olats] 5 e o3, 4 (p 5

3 Skae Sl e 55 5bsn Ao 45 jsbslen
397 5l szl Sleds A5 Llyd e ails e g
slooglas 51 ol ails e 59 S Dglas ol ylad
i cwllacnYonl g baed) Sglite Jomily 5 (Se55
Llys o ol @yl g ails e 059 og Vo sy o0
Jelse 51 (o 5 qaisiy SO gllae sla S5 5l Lt



VEY Gl /p)lez o )lads /000 5 0,98 [ Olayams

LS 25 4 (2STy 5o 0b oS G3gil slacnY 5 el (2L

IS w8y 50 o o0 VEIY 5 210 YA XA AR
O Jgaz) @8l Gl asps YO Glieay 0
ady oljer Jals 4 e ey cllS ax S
ialy by a5 09 0 (oS Lol wad o (il 5 (i)
cunls )| ‘wa IR W) olz;‘ S, Lgl;b;;’:‘oﬁ.).m )1 oL.f
2 b, a4 Jexd g, Sgile andl cal sods cuilo
Srdyl el cul (Sen bepYonl o laed, (&
» Salie STy g ead LS a bl 5eS
iRy 50 b cdslie bed, cpl culile,y asls
30 G JS o8, clls py asls mldl s ol
Sflee St il a4 ol e |y pm o s
(doy0 YY) wlo o Slae blae ;o (oo FY) cogicuns )
Bl s sl o ).o-b Sl

03,9 b‘yo ) ‘,w.:“ é}f} )faLa.) (;ufa‘-)).g ua.’>Lw
u.)l "")"""‘) w‘ oltf LSW%‘) 9 LS‘“'o’oﬁ) Lngu.»;u O
Sl awly o Sl Ol 4 ool (Kwly ozl
o Ol S Giegh ple Glalh)lE L Giegh onl s
s cals jo b byls o cily asle el
Singh er) cusls calle Jad 31 slo)S 25 48
(al.,2011; Omidi et al., 2015

&g elasyl
slapley o aS ol flas osls il yly 4y
So il mhaw 3 Y g baed) o g (S
P oY g s, L il jloy aiSeen 5 ae)o
g, s Sl gl s Dolis vy my Jloio! wla
Obey S Silsre (V) Jouz) cadls 392 &g
Sl g Sglie STy 5 Sl lacY g a6yl o cols
50 g e glalls &L o Y g s, o,
OYonl 4w o olead g0 IS W8, pKiad cilS
09 5 ik SLI Gale 5 Py, s> S
caals jo wog wg glayl o ieS Gl B e
S 1085 5 eiohe LIS Olgy (¥snl ple o
e Lo)S 1 (O Jgaz) o9y aig gl )l o S (Il
O3l (Y (rlsy 08y 50 g gliS)] o gme oS 4
o5y s> IS Oionl (Y sy S Sy (o)
cSa OB e 08y 5 e Uil Y e

a5 ao,s OY 5 7o SV SF ST OF B0 ety

YTo

it 5l S os ol lagd, 5l St ol oS
ollS )3 S oole wdgs s o Shee  F5e Jalge
ko g9 @z o 1) oS Jeily (Shs cnl ool
Reynolds ef) seo oo oylis ol (6550 4 595 (555!
dole 3o LS a5 oS 0y, 0 Jlea=! (al., 2009
o9 5l eolaitul als g ais elas )l als &b 5l alecl
als adgs g (@alS o PS5 fwgid Cuz adye>
0l 00 ) Culed Ho g s o Sles alS cely
sls)iF =l b Gibesl cpl 5l Jols bt ool
S blyd )3 g eogicimy Juals p (de (S
Singh) culs cilhe Jad 51 Sle)S a5 g s b
(et al., 2011; Omidi et al., 2015

5l slaw b oYL (Koo 00giCeny ) o, Sles
o @=+IAS®) alis ,o als 59 5 (T=+/AD®) aliw
ol sy e Sl g clly @= /AR il s Sles
35Skt 5 0955 3 Skat sl 5 satgn i b3
0393 Cay 3 &, 8o (655 00 g ol o bl adls «ls
2 4.7 Joaz) el Glbasl 50wl o, Sles mbi L
2 &gl Jole b (a0l £9,5 50 LS s 5b s,
5 Cowl g, Jole plo 3l pasaid Colpeay als ol
paS ails o Slos g Sid dole oo ol yials cely
ssbiieas Lab 31 gl )S 05 g e conlply 05 00
JN9% p Slogg Coenl 5l pasS 5 Shee (55lwl 5 Lad>
.(Rehman et al., 2021) ..

Clld g a Ll
o 098 sl g clls p e ls Sl &)
5 lagd, b IS 5lej iSnn 5 a5 Lo
zhw o clloy el gl 6l pme Sglas oY
S (Y ) clly 09z wwope iy Jleisl
Sbloy Ll s 4 e (sl jobay pllin o
2 b Y g s, (Ll gedi pae (L)
slapd; o oy aPlh (e e culs
20l S 5 e U5 ¥l s O e 5 s,
OVl g plie o S8l 50 b calie (S90ve )
L ol S 5 x> IS Vsl g o8, 4 o Skee
e LS s (0 Jguz) 28L elais soue o3,
O erBgy o) 4o SBloy Rl o g Sl 4
oY e 08 w5y IS Odol (Y o9y Gl
AUA Olimeds oo it OB e 03, 5 oo Ol



O 5 555

Slaws c o) sl ool Slaal Jdody axlas ;g0
2N lygs ul azlee 3l g adl ualS a8,
st Sl g Jad ST glos i b ladls S
SrSolr ooy o U ol lizl 5 o Shee (]
il o as cunl oals 5,155 gladdllas yo .l oo
5 blS 5o 3 B e ly ges o 3l plSin o
9 PO S9dos o (B3ade B g, Slaw Al
Ol SRRl s g 290 azlge Vb gles L Gladlos 5
GRelS Az o g A (g5, 005 slaalls Giails
als o, Sles coles jo g abaw ;o alls olawy 4 W
U35 wimes (Mousavi et al., 2021) sei o
Ulye 3o ST sbxyl s ogdle oS s 45 sl o
Silsr 2l o)Ll slaculs wlsi g jeee i
Omidi et al., 2015;) aas o als 1) 00,5 als

(Oraki et al., 2016

S Sy B b8 3 59, Slass

A e g laed) o g S slapley o
S sl maw jo (Saw, U ocals 5l e, olaws
DS epy (Jg il 352y glo g Dgle woyo
Cilas g b e Dglas oY g laed, L cuils ol
Al o ciS o Jad ),;I cl,S s (Y Jgoz)
GlisS ey il Saww, U 39, olaws jlo sae GralS ceely
ey cunS o Saww, U g, olaws VL a5
Goy VIY) plw o oS (o olass o 505 9 (5o, VYY)
Al 5 o¥anl g laed) G (F Jgu) ab valis
Sy B g, oo (gt a5 GlgSay il
5G9y VTF) sooe 5 5y U ey pB)l 4 Loy
e s e slonYsnl 4 bae ol 268
Sy SS9 by sliYsp! e 5 Gy VYD
.053 ()‘5) \\a)

3 (S, b cils e, ol plaa cuins jo
VA i far isonee 5 Sove> IS rbe) oYl
ol S Jo 5o g sally slaed) 5l 50 59, VF 5
399 59, V9 ¥ b iy sl S o els
955 P SS9 p)S Gble Sk 0 0 Jso2)
Pl S 5 &5k B 59y olhasd (5SS slagsd,
ol &8 el ! Sily & s e plis s byl
Job A1 sl Ll L] s ad, Jole lagd,

Yt5

g9 Ay glis,l Hlas ) palS slacuisis 5 s,
Pl &gy elas )| als aS slasgSay ol vezg (SuSs
5 3 Jad ST sloyS a5 Ll o6 Jois
Modarresi e1) cuwl sos )15 (sodxie sloingy
al., 2011; Omidi et al., 2015; Rezaeizadeh et
lo,S i £g,i b paiS wgy glay )| ualS (al., 2020
Mg g aly B ST 5 puiS iy, ab, By @
o (aly 4 (dugy Algz ol @l 5 g bt
.Modarresi et al., 2011) sl oo ool

oalgs U el 3l g, olaws

Byl g Bl Gl S a9 Sl slagle; G
b o bep¥ 5 sl o (Jg ccuilas 0529 (5 0 sine
Jeaz) al saslice gyl s Dol wo o S Jless !
Jolge 51 (SoepasS 5o (Ll ged 8598 £9,0 Loy (T
5 Pl o cwl dls o Sles BailS sl oo
Sglay poddg> U clls 5l e, ooy Ll 5l e Vgl
39, Ol o P G a5 GlisSay (cuils 0g2g (g lo Se
S99 Syt S oy p) 4 bgape (om3adgs b
g Al 4 S o (gy V) 9 VeV AT LS
e 18y 5 o Vsl & Loy ol aeS
S S5 Yonl G 5 Goy VY 9 Ve i)
O Jguz) o pllin po cuils jo (59, VF)

poang> b clils 5l g, ol pKimay cunS o
D o S (SaMe 5 Sy S5 by slagnYgnl 5
39 39, ¥ 5 O ¥ cuipa sy cuS o ials
a1 poabgx b clils 3l 5w 5, olawd (O Jgoz)
L el cnl (o2alS Al 1o 5,95 5 psrde 4 adlllas 3,50
miee RV SE S e Yol g O e 035 (o095
@ clls bl g0 s 0 byl o Shee bad> g o)l
g ol s b gladlas o sl slnps 5 psin
Om S &S b asiie G gk ool b alie olse
poang> b clls 5l 5, olaws ()b paiS (il L3
51 Fier Gyl g ol 4 calS Lylyd g90 8 0
sepYoul o (J= » 4 (Omidi et al., 2015)



VEY Gl /p)lez o )lads /000 5 0,98 [ Olanams

LS 25 4 (2STy 5o 0b oS G3gil slacnY 5 el (2L

il h B leyS S b ety wd, Glhes e
bl 3 oI5 e Slaal 51 (o plgreay plKin o
ol gl 3 WS xS S
shlo o Shoe s)ll 5 (owy095 Jedor ion! slacny
39> silly slopd, b awglie jo oYL als o Slee
oAb bl sgnee el (Y Jlcnl b sy
2 o g pipdy cllS &6 g o 50 als o Slee
Sudlys lacnYopl g laed) plo b oamlie j5 5 o9
Jas 31 slS 55 b oaxlge jo 1) 095 ails o Shee
2 sl e o) wilen (plply g S Bai> oo
Ol dilate 0 Ao g seay S Lyl b g0

Dgd oo Aoy

63! Sl

5 ooy gl Jlo glacole Sl (Baiin s
ol ezl liwly o sleal e agd oRiils (g,qld
SCU.AA1401.96 oled A4 gl
AL oo (65l Rl

ailagsy

2L olai

Cle )0 BBz (pl aS 0S e anl (OB) sarws s
olay Glgea Wl oo a5 Jbo b g)ls Laly, 4s5 1o
el 00t ool 398 yeeas 05l gl

iy @Bl eule,

Ao cpl 5K o a8 S oo oMel (58) odis gl
L) 29 ¢ 28 £ s aloz 5 p5 BB I LS 5boay
1035 oy @lEgs Lzl 5 Jlo)l b 5 baosls e
g 09 Jeol Slinizd )15 o Jol> allie (nl rizron
boayis g ;09 Gy e & o5 jobay 5 b
Ll 6l 5 (ola8l e g ouis Jakie 5 Oy ales
wlyy 48,55 S ol b i e 0 o
ROt 4

Wi Lot o3l
b s Sy a4 dlie (pl Ol b (OB) ety

dosuz dyime Sl oolinul G alS 5 00,8 cblse
.).Mf‘so)l.)f‘ﬁfwbébl) o)&gu))w sLibJ.iM)

YTy

SFpS o fbes 2all b ol 0 g WS e Bolaie
slaws elS (Mousavi ef al., 2021) $gi o axlge
Bl 59y Sl raizmed g (m3deS B LS 5l )
Sl 5 g5y Jdoar 5p5b caS o (Saew, b
Sl iaghy ;3 puS 5a 5 03 050 2alS 5 Jab 2
,» (Singh et al., 2011) cusl oos (5155 55 50
Slasd (n i Gl addllae 5,90 a1 5 ighy 00
e o9 Sk g Wog (S, b 2l I 5,
leS G b (ol doge 9)93 5 4 e Sujled
ssnlie (55t 3, Skee 2ol (ulpli g 0l b 2
s b gl o3 bS5 R e 5l
sboS G b iy ol Glojen Jdoa plin o
B 59) olawi L5390 (les slaasly cdb o 5 Jab 2
slecpy o gals ol polie g ools oS 1) Sow,
Oz Olyed axlse 5l g esg St axlllas 3550 (3930
2 ol el SISl g Jad ST sl 2 bl
a5yl ooy gogam b ol lizl g o Slee
(o bylid jo Saww, U g, olaws il s el
Sz boaisl Sl glasly Cb e S Copm
Sy 5 ol A pe 4095 5 D) Ule JeeSS

Bavei et al., 2011) cel oo oLy

Pl s ciS 5l A6 sle S 5 Gieehy cnl 0

b cnls 5l g, olaws Sojglesd Slie als &b
izl s Soew, b cldls 5l 5, slaw 5 asaliss
o 0wl yhe s (o ails slass ales 5l o Slae
5 pByl o als oSlee pall o (Jolite)sboas
bedy b analio )3 o35l slacnY wd isn! o
o, 8es glls a2 o 5 pay cilS F b 9o 2 0
P (R 0925 b ojlpe (B p y0 g Wog VL
SV polie Jdody s o cils [0 aly o Slee
Gl ed,) 4 Comd S Fu,6 90 2 50 ailo o Sles
G5 b el SGieled Jolie pad axlse o 5
ISl 3l o g 00lS Ul po Jab 2T Glo S
st 5 ST Ll 5 pasS o Slae il (Lol ¥
el bl e plel e aBboe Gliuje
2 S ooy slapVapl Sl eslitul el

azlge 3l ol 0,90 ok olisS Lol wo)lo ),.)b als o Slae



References

Bavei, V., Vaezi, B., Abdipour, M., Kamali, M. J., & Roustaii, M. (2011). Screening of tolerant spring
barleys for terminal heat stress: different importance of yield components in barleys with different
row type. International Journal of Plant Breeding & Genetics, 5(3), 175-193. doi:
10.3923/ijpbg.2011.175.193.

Behneh, M., Rezvan, S., Sanjani, S., & Masoud Sinaki, J. (2022). Response of agronomic and
phenological characteristics of bread wheat (Triticum aestivum L.) cultivars with different growth
habit to delayed planting. Iranian Journal of Field Crops Research, 20(4), 451-466. [In Persian].
doi: 10.22067/jcesc.2022.75720.1151.

Blum, A. (2010). Plant Breeding for Water Limited Environments. Springer, New York. doi:
10.1007/978-1-4419-7491-4.

Cockram, J., Jones, H., Leigh, F. J., O’Sullivan, D., Powell, W., Laurie, D. A., & Greenland, A. J.
(2007). Control of flowering time in temperate cereals: Genes, domestication, and sustainable
productivity . Journal of Experimental Botany, 58, 1231-1244. doi: 10.1093/jxb/erm042.

Fischer, R. A. (2011). Wheat physiology: A review of recent developments. Crop & Pasture
Science, 62(2), 95-114. doi: 10.1071/CP10344.

Dorrani-Nejad, M., Kazemipour, A., Maghsoudi-Moud, A. A. & Abdolshahi, R. (2022). Wheat
breeding for early heading: does it improve grain yield under drought stress and well-watered
conditions? Environmental & Experimental Botany, 200, 104902. doi:
10.1016/j.envexpbot.2022.104902.

Garshasbi, L., Paknejad, F., jasemi, S., Ilkaee, M. N., & Sanjani, S. (2020). Evaluation of quantitative
traits of bread wheat (Triticum aestivum L.) cultivars in different planting dates. Journal of
Agroecology, 12(4), 703-721. [In Persian]. doi: 10.22067/agry.2021.37597.

Harrison, M. T. (2021). Climate change benefits negated by extreme heat. Nature Food, 2(11), 855-
856. doi: 10.1038/s43016-021-00387-6.

Hill, C. B., & Li, C. (2022). Genetic improvement of heat stress tolerance in cereal crops. Agronomy,
12(5), 1205. doi: 10.3390/agronomy12051205.

Hyles, J., Bloomfield, M. T., Hunt, J. R., Trethowan, R. M., & Trevaskis, B. (2020). Phenology and
related traits for wheat adaptation. Heredity, 125, 417-430. doi: 10.1038/s41437-020-0320-1.

Izanloo, A., Condon, A., Langridge, P., Tester, M., & Schnurbusch, T. (2008). Different
mechanisms of adaptation to cyclic water stress in two South Australian bread wheat
cultivars. Journal of Experimental Botany, 59, 3327-3346. doi: 10.1093/jxb/ern199.

Joshi, M. A., Faridullah, S., & Kumar, A. (2016). Effect of heat stress on crop phenology, yield and
seed quality attributes of wheat (Triticum aestivum L.). Journal of Agrometeorology, 18(2), 206-
215. doi: 10.54386/jam.v18i2.937.

Khichar, M. L., & Niwas, R. (2006). Microclimatic profiles under different sowing environments in
wheat. Journal of Agrometeorology, 8, 201-209. doi: 10.54386/jam.v8i2.1048.

Liu, B., Asseng, S., Miiller, C., Ewert, F., Elliott, J., Lobell, D. B., Martre, P., Ruane, A. C., Wallach,
D., Jones, J. W., Rosenzweig, C., Aggarwal, P. K., et al. (2016). Similar estimates of temperature
impacts on global wheat yield by three independent methods. Nature Climate Change, 6(12), 1130-
1136. doi: 10.1038/nclimate3115.

Modarresi, M., Mohammadi, V., Zali, A., & Mardi, M. (2011). Evaluation of heat stress tolerance
indices in wheat. Iranian Journal of Field Crop Science, 42(3), 465-474. [In Persian]. dorl:
20.1001.1.20084811.1390.42.3.4.4.

Moshatati, A., Siadat, S. A., Bakhshandeh, A., & Jalal-Kamali, M. R. (2018). The effect of growth and
development periods on grain yield of spring bread wheat under terminal heat stress in Ahwaz.
Environmental  Stresses in  Crop  Sciences, 11(1), 197-209. [In Persian]. doi:
10.22077/escs.2017.355.1067.

Mousavi, F., Siahpoosh, M. R., & Sorkheh, K. (2021). Influence of sowing date and terminal heat
stress on phonological features and yield components of bread wheat genotypes. Plant Productions,
44(2), 157-170. [In Persian]. doi: 10.22055/ppd.2019.28957.1744.

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. [In Persian]. doi: 10.22055/ppd.2015.11135.

Oraki, A., Siahpoosh, M. R., Rahnama, A., & Lakzadeh, 1. (2016). The effects of terminal heat stress
on yield, yield components, and some morpho-phenological traits of barley genotypes (Hordeum

YfA



vulgare L.) in Ahvaz weather conditions. Iranian Journal of Field Crop Science, 47(1), 29-40. [In
Persian]. doi: 10.22059/1jfcs.2016.63586.

Rajaram, S. (2001). Prospects and promise of wheat breeding in the 21* century. Euphytica, 119, 3-15.
doi: 10.1023/A:1017538304429.

Rehman, H. U., Tariq, A., Ashraf, I., Ahmed, M., Muscolo, A., Basra, S. M. A., & Reynolds, M.
(2021). Evaluation of physiological and morphological traits for improving spring wheat adaptation
to terminal heat stress. Plants, 10(3), 455. doi: 10.3390/plants10030455.

Reynolds, M., Foulkes, M. J., Slafer, G. A., Berry, P., Parry, M. A., Snape, J. W., & Angus, W. J.
(2009). Raising yield potential in wheat. Journal of Experimental Botany, 60(7), 1899-1918. doi:
10.1093/jxb/erp016.

Rezaeizadeh, A., Mohammadi, V., Siahpoosh, M., & Ahmadi, A. (2020). The response of Iranian
spring wheat cultivars to heat stress at anthesis and grain filling stages. Journal of Crop Breeding,
12(33), 102-109. [In Persian]. doi: 10.29252/jcb.12.33.102.

Rousset, M., Bonnin, 1., Remoué, C., Falque, M., Rhoné, B., Veyrieras, J. B., Madur, D., Murigneux,
A., Balfourier, F., & Le Gouis, J. (2011). Deciphering the genetics of flowering time by an
association study on candidate genes in bread wheat (Triticum aestivum L.). Theoretical & Applied
Genetics, 123, 907-926. doi: 10.1007/s00122-011-1636-2.

Sade, N., del Mar Rubio-Wilhelmi, M., Umnajkitikorn, K., & Blumwald, E. (2018). Stress-induced
senescence and plant tolerance to abiotic stress. Journal of Experimental Botany, 69(4), 845-853.
doi: 10.1093/jxb/erx235.

Sadras, V. O. (2007). Evolutionary aspects of the trade-off between seed size and number in
crops. Field Crops Research, 100(2-3), 125-138. doi: 10.1016/].fcr.2006.07.004.

Salehi, F., Rahnama, A., Meskarbashee, M., Mehdi Khanlou, K., & Ghorbanpour, M. (2023).
Physiological and metabolic changes of safflower (Carthamus tinctorius L.) cultivars in response to
terminal heat stress. Journal of Plant Growth Regulation, 42, 6585-6600. doi: 10.1007/s00344-023-
10911-6.

Seimrizade, S., Moshatati, A., Bakhshandeh, A., Khodaei Joghan, A., & Koochekzadeh, A. (2021).
The effect of vermicompost on yield and yield components of wheat under terminal heat stress
conditions in Ahwaz. Environmental Stresses in Crop Sciences, 14(4), 1139-1145. [In Persian]. doi:
10.22077/escs.2020.3384.1853.

Sharma, D., Singh, R., Rane, J., Gupta, V. K., Mamrutha, H. M., & Tiwari, R. (2016). Mapping
quantitative trait loci associated with grain filling duration and grain number under terminal heat
stress in bread wheat (Triticum aestivum L1.). Plant Breeding, 135, 538-545. Doi:
10.1111/pbr.12405.

Shirdelmoghanloo, H., Chen, K., Paynter, B., Angessa, T. T., Westcott, S., Khan, H. A, Hill, C. B, &
Li, C. (2022). Grain-filling rate improves physical grain quality in barley under heat stress
conditions during the grain-filling period. Frontiers in Plant Science, 13, 858652. doi:
10.3389/fpls.2022.858652.

Shirdelmoghanloo, H., Taylor, J. D., Lohraseb, 1., Rabie, H., Brien, C., Timmins, A., Martin, P.,
Mather, D. E., Emebiri, L., & Collins, N. C. (2016). A QTL on the short arm of wheat (Triticum
aestivum L.) chromosome 3B affects the stability of grain weight in plants exposed to a brief heat
shock early in grain filling. BMC Plant Biology, 16(100), 2-15. doi: 10.1186/s12870-016-0784-6.

Singh, Kh., Sharma, S. N., & Sharma, Y. (2011). Effect of high temperature on yield attributing traits
in bread wheat. Bangladesh Journal of Agricultural Research, 36, 415-426. doi:
10.3329/BJAR.V3613.9270.

Tewolde, H., Fernandez, C. J., & Erickson, C. A. (2006). Wheat cultivars adapted to post -heading
high temperature stress. Journal of Agronomy & Crop Science, 192, 111-120. doi: 10.1111/7.1439-
037X.2006.00189.x.

Wilhelm, E. P., Mullen, R. E., Keeling, P. L., & Singletary, G. W. (1999). Heat stress during grain
filling in maize: Effects on kernel growth and metabolism. Crop Sciences, 39, 1733-1741. doi:
10.2135/cropscil999.3961733x.

Yin, X., Guo, W., & Spiertz, J. H. A. (2009). Quantitative approach to characterize sink—source
relationships during grain filling in contrasting wheat genotypes. Field Crops Research, 114, 119-
126. doi: 10.1016/j.fcr.2009.07.013.

Y¥a



