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(Triticum aestivum L.)
Effect of heat stress during grain filling on photosynthesis and grain yield of bread
wheat (Triticum aestivum L.) genotypes

v, Y . Voo, .
L S I R PPN s PS gy R PP
o>
Triticum ) ol p a8 gla (o 55 adls 3,Shes 5 w5 1 adls 0dd g0y 53 Lo F 23 3AYAE L ok Kun .0 § 099 (o8 - e Sl (2 liomo
A=AVONY Ol el (2155 pole oo L(@estivum L.

SLboiahl Jdg b7 pilusgh Sladdide 5 SISV (jwgld p 618 OMD p 033 (b b7 S5 FI ()0 9k 4
03 (J9l LT 38 .ol Lol 318l Ol oz gl olKEI1S 09 Fgiud 9 48530 10 1FA-A+ 2ly) Jlw 33 [habo3T 98 (Ol pus”
J=0957B O g 4y 30 93 (0o (50 J91) S 16 9 (oo LT TY) Canlio feudls”™ gu sl 98 38 (wiske osle O U i
T TB s Lac—igis Oled (098 JulaiT 50 .iucd ods” 5 (0 4w b Solai Jols” Slass ol & b LB 5o
095 98 90 4o LA OIudT (i) b (SLSI03 5 5l vws 595 05 . Nl Culs” OIS 3 51 5T 4w b  Solad ol vy gl
J=itin [(f5 1o/ Plos) of (o5 Jile 4> 58 YY/Y0) Lo 5 i g (S5 1o/ Blus) of 57 ke 4 50 Y0/1] i 9w (Sl 3ome
DAL Jicwgid Sy (S 5 il Fu sl 50 45 318 OLiS guld ik 4ibl 45 Tyl yd caed 38 (S Olo) B g ik
Caliad 5o wals” L of yoid Jhuwgid 30 pdl” .C8b Sl o sd TA/0 B 1Y 31wy 3990 pS SBGwigf J0 pr g &5 g
Colud sals 4 yome bl 50w L5 48 S-78-11 9 WS Cuigif 98 50 b g d9s (Sl439y culod ol Bl 9 Ldg
SBLS 53 (614395 pé Jolos Buigil sl 35 .99 Fawgid AL 33 (Slouiis e Jole 4539y (3 4wy o T (5143395
990 pmuawgid  0g0(g5" O hos 30 AT (LT 50 U 1 58 deyie 30 mMe Slo T S Ll ph 50 LRI SE Fwwgid
o Shgals 35 Sl ol o (F'V/F'm g DPSIT) (lgy 4 0 55k Ll 55 93 pimpwrsid 099195” 3 Khos 5 Tt
Bl 93 93 i3 (09195 3 s S (5595 iz Bl S 9 992 (NPQ) 4l 099 501 (9 bowdgid
Jheal wuh Sla 5 i Tl = 5o .0l (Bl rudb 03900 38 10 e il 3929 b (FV/Fm) 56 4 ouls 56 3L
S8 =20 yé jab 4 3 NPQ g ud svalin g2 b6 al” Fv/Fm g F'v/F'm®@PSIT svadtao 50 099 5 giud 5 o
b SLa g3 35 FV/Fm didgo 9 039 ;i1 JESH 0 5% 5 Copmilu b (Slo 3~ s Loy 33 (2Blg 50 bl pbls”
Giads ) 9 (Lol 99 10 53 Judg 7 (il sald (Sadide 9 413 3 loe [y (Shusod 3929 pU 4 g3 b .Sl ol 1
O 35 (S il Sz (Ll A Lo e Ll sl A5 U o0 S5 4 (il 3T il (S Lo 53 i 93 glise
WS b 5 4 Jemio pB 41
LA 9 D9 I (il sghd (juhumgid ( Jb Sl Slo T S sl srelg

Al gr U3l 0,5 5573 053 Sl g s i WA/ usl VAT 55

(oS 43185 Ol al S sl 5 ol psle cpamil e o gl oty ool SIS o8l gae St e 5 51581 O ooy g o231 (6 875 ol (5 el =)
(mahroo.mojtabaei@gmail.com : < S o)

518l Ol e gt ol (65558 oSl skl —Y

S1sal Ol e gl oKl (65 ,5L8 0l HLiils ¥


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.1.3
https://agrobreedjournal.ir/article-1-502-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-04 ]

[ DOR: 20.1001.1.15625540.1394.17.1.1.3 ]

WA Hlg o) ojlad oatas dl Ol (21 p ke dlona”

IR s il (Soas (alls i el
Ol i s ¥ alS g lid o0 5 Seu
<L ((Law and Crafts-Brander, 1999) &l of , o
5 g LS 5 bl s )5 b an ol
ASThes Cble il sl amd 53 5 et il 8
Dyt e LS5y Ol dte Lol 10555 25 02 S
ot a3l S ey Sy g 53 Sl S
dled 5 Jlsd 8 D) g 53 40 Laasjs) 04 i
« (Ahmadier al., 2004) > 35 ploil 35 OT 4 4l
il S L f sl b sl s
6 b T L s ol (455 it
OLiS Slidosd ol (Xuet al., 2001) Sl S
e sla 8 s b g3 4 Culesls
(Sl y Sl I Cmilas (51 8 o a3 Yo -¥Y)
i T
SLe 8 i Ll 5 55 95 e S STl
Cle zalS (o], 8 mle a3 ¥V I 5YL) L
JUsl 5l Cmilon 00 58S 08 51T WSS
S ssb 5B OSSO A 085S 5105 S
23 Gl Jolo 93 @t 5B LSy ST e 4 sl
(Allakhverdievet al., 2008) C! jiw g5 a8 &
Lid 03 Gl ¢ Jd g IS il 56 Ol e
e 55 5115 05 2SI Ul s 2T 5 43S
30 s (o DL 8 i g 4 9
2 sladle s 5039 (o 2 s pleaip o
St 4 5 350 ALE (555 58 ST Dlallas
5 sJ .(Baker and Rosenqvist, 2004)C—ul 45 S )| 3
Jlesl U 2sbjT )3 (Lu and Zhang, 2000) <5515
(08 5 (1 sl 53 Y01V 3 (sle 8 23
3 53 s 3 g0 551 S 5 Sas JS o 55 (6 S
=S ST FUFL) S,k 4 ods )8 5l Ll 4
055 09S poar oSS o g 555 o 3
Gadon Jidsd oo 551 4 6 53 o 55
33 pim 8 oS 5, Shae Ly oia i el

-

dodio

dolss n et 3 S b el gl B 25
Wl Ol 53 S 3 Shas oS3 gulos s
A s s Sl b S el v gL
0,5 0LL b 51 Ksslo am,5 O/A B V/A 1 aoes gles
4 39y s =) Caesl ((Farooger al., 2011) (sl
ok Lo 8 s 3 b e 5 5,818 55,
NS Fima s 2jln on Flae ) Jsbe a7 3
Lo il o (S35 sl T o 5 el
s e Lod 1580 31 s s s falS 5 Sl
3 See 2alS  Sulg 3 s H’f Ay 3 Sy g
e>ia (Al-Khatib and Paulsen, 1990) 3 35 . ot
4 g os (1l 51 S PSS
0l S 3 gdoue 5 4 il (6 i b YU sl
e B e R T
Slos il 53 S e sle 5 (G SIS
YU les 3l otss ands SO sl ey 5 IS
s—=a~ 3 [(Allakhverdiever al., 2008) Az _a
ooz e o9 5 e 53 (i 53 a2 ST
Al Sl 5 edh e ln S 5 4 (g e g

Ll 0 &) len JiY5 ¢ g5 50
Al s e g AT LT el 5o
23l 0 0315 Sl (55 i Sl 4 LS
Sy Sy Sl GULS s sl sles
L aglie 55 0 S LSTI65 a8 S 5 5055 |
Ll or R s R 658 e O3S
23 p S Cus alS Jl- a4 (Farooger al., 2011)
oS gy pde 5 mg al 95 a5 0L e
Sl OT 51 (S b 50 cpl sl 0l 0> (55 8
Sos5 o Lo g i g8 LalST Sl o L &S
03 Sly T b s 1S 5 Sl a5 LB
S e sLa 8 T Ll 3 e g Sl
oS 3 (Pushpalathaer al., 2008) 3,13 3 5 5=
L oS sl 8 2 Lol s Sl S b 2l


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.1.3
https://agrobreedjournal.ir/article-1-502-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-04 ]

[ DOR: 20.1001.1.15625540.1394.17.1.1.3 ]

"l OAs ey 3l S AT S

Slaes o wlboT
as e 5o AR el dlw 5o sslajT oyl
O ez gt ol (55,518 oSl liiows
Sl laal e 28 g 5o @l il
el U s (28 3L glyls talesT plasil Jous
Sy ds SiwlaT a0 Ao s o /F T esle 5 A/Y
MQL;;LéJuKLgLAS}L'CJb%JB):L}Q}:{&
o0be o)l 0L 0 555 03 s 8 plenil 1SS
X Dl B G SIS 510 )
(S-83-3 5S-78-11 la ¥ 5 sl ¢y s S
G 5 (ole OLT YY) lie S35 o )6 55 55
Odd o ade e OUS Coslias sbie 4 cole (3 Jg1)
03 s 8 s CiS (e (oYU les L als
L el Yo bpbs ol o (6 2l Lo i
355 e A LiST e e 50 855 FO (ST
PresalS 5l g8 S 0505 mls elal p (B e
W o) sl &) sy LS 3 055 2 (Jf)—lcf
5 J g Dl g Do) gy i S 3 p S AS
ety Sl g Sy iy SIS 55 0 8 LSTVO
o el 5 Sy Sl ol e 5SS A 53
O3 a0 33| Oy s LS 3 055 %0 (}f}ls 7
5ol psb 4 L ST LT (i) 0y dob 5o s
s (2T oS 5 0 ol S 4 A bl (o 4
Blo S 55 a0 dli ) 5gh Al e 3555
2 g pad e s S S 5 alie Lol
e g (6 S 0510l gl g Kk g ,liS e
S 13 Jbs IS il b slaadl oy (558 Yl
DAV 5 e A o3l gy ik ) 0
o 2 €0 g5 Seo) oy S o o ol
R e 2 dede) Gl Sola il m
L (a5l oo i HoO s (hie) G5 5 (4530
(LCA-4, ADS, UK) , 5 YUT 518 o&ws 3l eslizl
o a s Lacs S ojlsl s g 8o jlu]

G555 a SLles ;51 ey 5551V 45 ilS

"

LS COPSID olidyy auodd H& 5L Lyl 5 o
5 (53 o 8 3o b 31 (o 05 2831 Uil o, 5
Lil 5 53 53 e 53 58NS 3 Sas ST
33 i 33 LIS FUF) glby) 4 eld B
(LBl 5L 55 @ 38 (28T 557 o dai aomilr
S0l 09 S glood 3 b (Bl Sl
993 (.:_...:..»):.9 S ol Ml g alb Hlaas (NPQ)
b5 i Jleel b olil .28l gl 530 (0T (sls 5T
LS 1 esde (o, Kmbu 4,5 ¥V 1 5YL) s
Sols s=as SialS 5 SFJ/Fy 55 «@PSIL F'\/F'y )3
Lo S s Jal a3 a8 oLl 51iis S edaliee
a3 3L O, Uit 5 o S S Tlgs S
F'\/F'y 5 OPSIL F/Fp laail 3o (5,8 03100 0345 oo
LG bes g Joie 085 gl sl o5 oLl 5
.(Baker and Rosenqvist, 2004) .5 s

SOkl s p S U 5 Ao, YY O )
3,05 polast] SlwlS 5 Olal 5w ybs (Olw s =
sles! o & JLaz>1 45" (Anonymous, 2010)
Ao laal Loyl 3 Iy Gblie ol 51 glajtdn 55 Juad
S Gble 53 4l sy B js S L el
e Joab slgsl Gl £ 2 Ok 5 dba |
CPU. 3 ¢4.§«4\>>,.<L.;¢M,:\°~ Lo jeals
s, 55w 55— 5l ((Moshattatier al., 2010)
Slac 55 6L sk b S 25 4 oo
ui::&@wbﬂwébbdw
o 3 4 Gl el oaal gl il
SYals g o Jaab slgsl sLe 8 2 30
(-\f Calttes S g5 s IS il 5 5
bl s as e e po Lo B ol awslis
b s a by 187 uilw) o6 (sLnadl s
S Laos gae i bl i 5 Jomie slac S 555
el s o) a0l

b w959 5!50


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.1.3
https://agrobreedjournal.ir/article-1-502-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-04 ]

[ DOR: 20.1001.1.15625540.1394.17.1.1.3 ]

WA Hlg o) ojlad oatas dl Ol (21 p ke dlona”

F'v/F'm = (F'm-F'0)/F'm,F';= (Fi)iﬁ ")
NPQ= (Fm/F'm)-1 ()
Slage b 5SS o e (S Ol )3
@JJ}J&L@‘)\M‘}‘HN—;QJ\JL{C@K
b oy 5 ol slacis) O 5 8 s
:&@bu)jbqubﬁcfﬂ VY Jslre
Al oslaisl ails
ol J g5 dusme 50 uf..gle}T
23 las e LialesT j3eds S5 cu\.f;,.;};j 03
Vo ks L o LaohiS s WA ole OLT YA 5o,
0 S S Sler sl e e b0 p il 5 e il
59005 5 Cosls 0l 5l ol bus ciS oSl
g e 3T a5 53 GLibles S 51 dny
ae s 53 85 A 4 Glate SLOIIS 1zl o o
S Balal JolS sl h Ojyem 5 LSS A s
0 g B O A 0N G PN L g W
3L awle 5 o531/ JTosle Ol 5n b o o o
\A/?Q|L€ﬁgw.uﬁ¢§1qqu
(‘)—?u—l:"’ OVA 505l Sy gme 4 059 0 (’J—?&:ﬂ
23l Alsl oy SOls psw O see 4 jhud
aamalS ) il 51 e o5 s aalS 4 == RNy
ad 0 sl js .8l tals wealS a4 0T sluws
oS e WIF 55 py O (slaml 5 (e
BN OIS 8 e 5L 8 53 05l Sy g 4 05925
S Lo (LT chiy 0y53 Jsb )3 s
arlpe (2T oS B L olE oS Ll plnil (g
a5 51 eSS a SUisles 8 5l dn 555 03055
33 40 32l sb 4 5 a4 by e ol
Lol b L e 05 5 558 53 4y 5 ol o 0,5
33 S dey 0le3 U s L Jime Sogline olas
Glas L 0g 5 5m 55 s axdls &5 3L 05 g2
Celu Ve b ys Oyl am s (Aald) 25 09

eligy Slele b s 531 8 sle w318 6

Sl Lo il o Ay W 5 o o 5
Uc_.ﬂcb bemc(@\ﬁ‘bja 03,9 1 D‘}A
s ol LT 5 ol slajgy b 5l dm &S
&S il glaciad $SG1y5 oo 1 8 Sle ad
0955 Lol 5 4T ASBRO I s I 3050 5 oK
Calds s el 315 oy DU Sl 4 SSL
s s 5 (56 e e dge) 6 2B (55
Gl45595 03 o2 S demST s bl jalls g g
& S o3\l (Fischer er al., 1998) usT ety
\V)DHMK@)U)DJA)J Jf}jjlsuw\.w)}b
&G b o3 Celo lecw sl o Slidles § 51w S,
slaad o ¢ S o3I (gl bt planil g 51
Do o &8 1 i (55 s IS il sl
j‘ﬂ.ﬁ%c&d:up)@o;caﬁéﬂf
Lo 8 ol abws 4 SSoLS sloul 4 ids FO
;f‘ub-} y\u\_’- —— 4_3)ij Fo Lg\_au.a.,'-\_fu
L o (S 4 0 JE 50 68 1 il 6
elis) Ll 5 bl 5 e, S (5, 6 0asS LS
S5 & Sl bl il 5l8) Ft (sla o L
dfj_f Bl wJLﬂ)}bJﬁf\J})F'm} (u.il;_&j) 4 odd
J_’Low\_w)_,lﬁ oli?..»bl_g(&uj)gou)lfjb
Sosliul Uy e ki (6 S 0151 (Walz, Germany)
S )FV/Fm glaa 30 oW oY S Ly,
oki S 5l Lol b 53 93 (e 55 oo 53187 5 Shas
(i 57 55158 5, Shas) DPSII o S,
c(&t_ﬁaj) L — Y )lf)[_,w ..E;JJ_J» BERE
i 53 g0 55 S5, Slas SSTU>)FV/F'm
j(&t_jlj)go-,_&)l?jl_w ‘E‘"J_&)J}J
(S 05,8 ploasd 3 b (5 5ol INPQ
.(Baker and Rosenqvist, 2004)..5 0% dwslows
Fv/Fm= (Fm-Fo)/Fm )

@PSII = (F'm-Ft)/F'm (v)


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.1.1.3
https://agrobreedjournal.ir/article-1-502-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-04 ]

[ DOR: 20.1001.1.15625540.1394.17.1.1.3 ]

"l OAs ey 3l S AT S

e a5 (Gladles § 51 da 555 WV) 25 Jles
s oslizal Bl gy opl a8 Sl gles Ll
055 Al (511 ol a1 (S Ol )
9 ud.v_w C,-JI‘JJ: )‘ U A ealatal 4.1~.w B aails
el FA S baails caliw o8 51 adils 05 S T
N 5355 Y LG ;\J?u:.}l.w a= 55 VO gles s
slaesls b s Lol diw s 4ils :ﬁks— (i
HESS 2 s S Sl ¢ S o3l ol
LS &y 2 S e Doy g 4 Oy 538

ol |l ioleT 95 8 yslaesls Sl 5 4 525
L 055 5 ol J 8 lams g ae 0 oo o
)\me Q)}.ﬁ BL] S rl?;;‘ SAS )‘J'.é‘ (’J‘; j\ oalaiwl
aslin 3,50 LSD 05037 L la o, Kile F pyslie 035
wgé,u);%jj&w;té\ﬁ,wf,\;
b = o il el s 5o 85
.(Soltani, 2006) L& s3lazw! LSmeans ; giws

"

@.Qm“;lﬁ@'u@,na Celo Hle S
.umﬁﬁa\;éb@):\’\ OT jldm 5 b sl
P T i I I T I P PP
Slel b s 5318 Sl a3 Y0 Kb Slela
53,8 Sla a3 MY Celu lgr e 4y oLy,
J_M;.,\_;r:b:;\jfs:;u‘stm OT 5l dn 5 )3
Ao Ve BOY o3 gdomn 53 i Cusb )y 0 52 90
S el V0 53 (6 jm 55 Jld (L5 Ol e 9 ie
2350 4l pe e Jsns Sn O aali SV
SLaS sy b D) s (ST 055528 53 0
Sl o pomi i |l 1S A U dslas oS
Sl (6 S Alen 05 5 558 53 1 53 LaolulS
e ol GLadlo o 1o as 50 53 OIS
oS8 d'l_(:,.é\o.sf Ol 53 edd g 18 e
L;,_:?cj\u@ﬁjugua\w\éu@_é
Shem 5o St 55 Jody JST il 5l (slaadl 5o

(,J;féu%;};;,u,:,w;)mgqu,&”Js\b‘;ﬂbg,lf@,;dnis\:,.—\ Jgd

(\YAR-4+) lsal s
Table 1. Monthly maximum and minimum temperatures and relative humidity for wheat
growth duration in Ahwaz, Iran(2010-2011)

Oyl ays Ji.l.:n
Mean of air temperature (°C) s cusb, Sk

Month ols Maximum Minimum RH (%)
Nov. oLt 31.7 16.1 36.4
Dec. 3T 243 8.8 37.2
Jan. ©s 18.4 7.2 47.8
Feb. i 17.5 8.1 49.4
Mar. N 23.6 11.5 41.1
Apr. s 31.0 16.0 37.0
May Caig )| 37.6 24.1 40.8
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Table 2. Net photosynthsis rate, stomatal conductance, transpiration and apparent mesophyll conductance at 17 days after anthesis and grain yield for 10 spring bread
wheat genotypes in optimum and late sowing dates

DA e g s S5y Culia G e Cals als 3 Slee
P,(umol CO, m?s™) g(mmol H,O m?s™) E (mmol H,0 m-?s-") g (mol m? s Grain yield (kg.ha™)
Sowing date Sowing date Sowing date Sowing date Sowing date

8 S s el &b oSS el G0 el G0 el G0 el G0
Wheat genotypes Optimum Late mean Optimum Late Optimum Late Optimum Late Optimum Late
Chamran 21.50 16.73 18.94ab 0.44cde  0.56de 3.57c 6.62abc 0.093abc  0.067a 6797.7abc 5798.7a
Falat 18.82 14.92 16.87cd 0.83ab  0.45¢ 6.22a 6.30bc 0.067d 0.063a 6886.3ab 5534.3ab
Aflak 20.26 15.22 17.74bcd 0.23e 0.86b 2.82¢ 6.42bc 0.110ab 0.060a 6252.7cde 5084.0bc
Atrak 19.51 13.75 16.63de 0.55cd  0.57cde 2.97c 6.17bc 0.090bc 0.060a 5742.3¢ 5167.0bc
Dez 20.02 16.74 18.38bc 0.36de  0.80bc 3.40c 6.95ab 0.113a 0.063a 6185.3de 5135.3bc
Kavir 21.58 19.19 20.38a 0.99a 1.21a 6.25a 7.44a 0.093abc  0.073a 6660.0abcd  5843.0a
S-78-11 19.24 15.96 17.60bcd 0.97a 0.48e 5.87ab 5.98¢c 0.083cd 0.067a 7169.7a 5436.7ab
Darab2 18.38 14.99 16.68de 0.26e 0.73bcd 2.83c 6.18bc 0.110ab 0.060a 6442.0bcd 4745.7cd
Pishtaz 17.34 13.08 15.21e 0.64bc  0.79bcd 5.20b 6.17bc 0.067d 0.053a 6506.0bcd 4663.0d
S-83-3 18.73 15.99 17.36bcd 0.55cd  0.72bcd 6.20a 6.46bc 0.073cd 0.067a 6845.3abc 5116.0bc
Mean 19.54 15.62 0.58 0.72 4.54 6.47 0.090 0.063 6548.7 5232.4
SEt 1.138 0.805 0.120 0.445 0.011 313.3

LI (5l e sl Ay ey Jlesml o 53 LSD 05037 bl kit &5 0 U5 51,1 o7 (o la 5 le D50 12 55
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
+: Standard error of means
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Table 3. Correlation between net photosynthesis rate, transpiration, stomatal conductance, mesophyll
conductance and grain yield for 10 spring bread wheat genotypes in late sowing dates (n=30)
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ns, ** and ***: Not significant and significant at 1% and 0.1% probability levels, respectively
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Table 4.Chlorophyll fluorescence parameters at 17 days after anthesis for 10 bread wheat genotypes in
optimum and late sowing dates

F./Fp, DPSII F'W/F'y

8 s s ele S oSS ele S e S
Wheat genotypes Optimum Late mean Optimum Late Optimum Late
Chamran 0.837 0.823 0.830ab 0.785abc  0.753bc 0.824a 0.796abc
Falat 0.833 0.823 0.828ab 0.777bc 0.742cd 0.808a 0.789bc
Aflak 0.843 0.827 0.835a 0.793a 0.762ab 0.827a 0.805ab
Atrak 0.830 0.817 0.823bcd 0.784abc  0.753bc 0.819a 0.792bc
Dez 0.830 0.800 0.815d 0.777bc 0.731de 0.812a 0.763d
Kavir 0.837 0.833 0.835a 0.784abc  0.770a 0.815a 0.814a
S-78-11 0.830 0.803 0.817cd 0.784abc  0.724e 0.813a 0.759d
Darab2 0.837 0.813 0.825bc 0.773¢c 0.748bc 0.818a 0.778cd
Pishtaz 0.833 0.813 0.823bcd 0.778bc 0.747¢c 0.814a 0.786bc
S-83-3 0.837 0.827 0.832ab 0.789ab 0.748bc 0.820a 0.787bc
Mean 0.835 0.818 0.782 0.748 0.817 0.787
SE} 0.00611 0.00432 0.00748 0.01065

LI (613 sme gl Aoy gy Jlozm! o 53 LSD 0 g03T ol kit &5 20 Uy 51,1 o7 ola 5 Kle D550 12 55
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

T: Standard error of means
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Table 5. Chlorophyll fluorescence parameters at 17 days after anthesis and main spike grain yield for 10 bread wheat genotypes under normal and heat stress
temperature treatments in control condition

bl i ails :J_{LJ—

r.uf S ss Fy/Fu OPSII F'/F', Grain yield (g.main spike™)
Wheat genotypes  N) s o5, HLE s N sog HLF 2 N) s os HLF 2 N) psosy HEDLE s
Chamran 0.821a 0.795abc 0.766a 0.736b 0.811a 0.777abcd 1.52d 1.06de
Falat 0.828a 0.802ab 0.769a 0.749ab 0.809a 0.794ab 1.65bc 1.12bcd
Aflak 0.823a 0.801ab 0.767a 0.746ab 0.811a 0.784abc 1.52.d 1.12bcd
Atrak 0.824a 0.771bcd 0.745a 0.726bc 0.803a 0.760cde 1.54d 1.15abc
Dez 0.816a 0.759de 0.757a 0.694cd 0.796a 0.749de 1.60cd 1.18ab
Kavir 0.829a 0.817a 0.778a 0.772a 0.813a 0.800a 1.69ab 1.07de
S-78-11 0.823a 0.676f 0.765a 0.589f 0.811a 0.636g 1.76a 1.09cd
Darab2 0.824a 0.774bcd 0.766a 0.730b 0.809a 0.764bcde 1.53d 1.00e
Pishtaz 0.831a 0.763cd 0.769a 0.675de 0.811a 0.736ef 1.69ab 1.07de
S-83-3 0.823a 0.727¢ 0.767a 0.653e 0.808a 0.713f 1.74a 1.22a
Mean 0.824 0.769 0.765 0.707 0.808 0.751 1.62 1.11
SEt 0.0166 0.0178 0.0171 0.039

Ll (5l gme D5l A3 ey Jlesl o 53 LSD 05037 bl kit &5 0 U5 51,1 o7 ola 5 le D50 12 5
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
N: Normal, H: Heat stress
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Effect of heat stress during grain filling on photosynthesis and grain yield of bread
wheat (Triticum aestivum L.) genotypes
MojtabaieZamani, M.', M. Nabipour” and M. Meskarbashee’

ABSTRACT

MojtabaieZamani, M., M. Nabipour and M. Meskarbashee. 2015. Effect of heat stress during grain filling on photosynthesis and

grain yield of bread wheat (Triticum aestivum L.) genotypes. Iranian Journal of Crop Sciences. 17(1): 1-17. (In Persian).

To investigate the effect of heat stress during grain filling period on photosynthesis, gas exchanges and
chlorophyll fluorescence parameters of bread wheat genotypes, two different experiments in the field and
phytotron of Chamran University in Ahwaz, Iran, was implemented during 2010-2011 growing season. In the
first experiment, 10 medium maturity spring bread wheat genotypes in two; optimum (12 Nov.) and late (21
Dec.) sowing dates as a factorial arrangements in randomized complete block design with three replications were
planted. In the second experiment the same genotypes were planted in the pots in randomized complete block
design with three replications. Ten days after anthesis, all pots of each genotype were divided in two groups
randomly, and then were moved to two separate phytotrons with different temperature treatments i.e.; normal
(25/16 °C (max/min)) and heat stress (37/25 °C (max/min)). Pots remained in this condition until maturity.
Results showed that under heat stress condition, due to late sowing, flag leaf net photosynthetic rate decreased by
at least 11% and at the most 29.5% depending on wheat genotypes. Mesophyll conductance reduction and
increasing stomatal conductance were associated with photosynthetic rate reduction. But in cv. Falat and line S-
78-11, stomatal conductance was reduced under heat stress conditions due to late sowing, and stomatal closure
was a determining factor in photosynthetic loss. Non-stomatal factors contributed to photosynthetic loss in other
genotypes. In late sowing date (mild heat stress conditions in the field) the quantum yield of PSII (®PSII) and
maximum quantum efficiency of PSII under given light conditions (F'\/F';) decreased, however, non-
photochemical quenching (NPQ) increased and despite a significant decrease in maximum quanthum yield of
PSII under given dark conditions (F,/F,), it remained in normal range, due to increase in photoprotective. In
severe heat stress conditions (in phytoteron) ®PSII, F'\/F';, and F,/F,, parameters significantly reduced, and NPQ
values decreased. In fact, under severe heat stress conditions, sensitivity electron transport chain and F./F,,
parameter increased in sensitive genotypes. Considering the lack of correlation between grain yield and
chlorophyll fluorescence parameters in both experiments and also the different rankings of genotypes in different
environments, chlorophyll fluorescence parameters solely can not be used as a criterion for the selection of heat

tolerant wheat cultivars.

Key word: Chlorophyll fluorescence, Photosynthesis, Terminal heat stress and Wheat.
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