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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
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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

Q)JYV/?bJ}{‘bﬁL:A}J‘JS/éLw%)Q
‘}\LA.Jhﬂfﬁ‘dkuul{@)U)J.Jﬁé‘f&u
a3 YO/F ils S, U Slisles 8 Olaj
o 3 VYNV Las ST oKl 531, 8 slo

(O Jdgd) 5 s :!)fu:.su

Slae o ui:“lan
andlle 5 ) 40 (a.x;f Glacs g Slisles £ 0l
)})J;LA\V_@UCJLQj‘th@K@)UJQ
5 20 ey U s 5l 6,0 LA 0
2 Sty U GLidles; § 0 )55 (b1sa los Law g


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

[ Downloaded from agrobreedjournal.ir on 2026-06-09 |

[ DOR: 20.1001.1.15625540.1394.17.1.1.3 ]

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

DAL i gh Lo (LSS s 6 s 4 als
Lop3 YD LAY 1l sl 85 o &5
oI5k 5 bl (Y g o) C3L fal S
S W3 S 5158 (AlKhatib and Paulsen, 1990)
:\J_fksﬁl_wa\_q-).s\“—“ Sles jd mwgd e
31,8 Sl a3 ¥ XY (glos 55 5 ol ST s
taleT (b DLl b (e LS SLETL 5b
odalive 51,8 mlow 4 )3 ¥Y O YY Slles il 3l L
LAY 51 oLl s 53 o g C o S s S
AL S 5 ,—gosly bl il S u_s s YY
Lyl s s cals 206 i L (Radmehret al., 2004)
el sl & Jis & amsls Hlgbl Sl olsa 5 OT
£909> 5 0L H’f GEF Y 93 e Sudgdone Juad
2,8 LS sy sl 5 Law gty
U B U bl 4 S el
STy 5 Sl B g 1y Culda p 6,ls e
22 Sl Gy 53 3 (e 2550 S G )
QJK@)U)A.:ﬁQ)LbWJAdIL{@b
el 5 i ST oY 5 587 08 s
il |y gla sy Culda o 2eST Y Olyls 5 S
el 5 o i 518833 (0¥ 5 OO s oS
N335 2 G Olimn 2 7S 5153 5 &S 510l o
Gt 35S (35 0l LA b s ks
3S-T8-11 Y 5 s, 65 5 3,5 5 Slagy) Sulda
sdnsls ) lasie) Syl o ,meS OB 03
Cils Lol S-78-11 (N 4 G a0 S
(a.,\_.? s g als )5 cals js LU (Y Jod)
A e OB 9 S-78-11 liwl ay vy 5340
Y s e ey Colda i la s,y Solda il B
Frods r_Sjpj.A_.a):b' 39> ,5S-78-11
&\Htgjg'-uw\féjljﬁ.&\iﬂswﬁ
533 .l il o, FY0 Sl ysb 4 G w0
33 O SI3 mme Dol SO 9 S-T8-11 5 55
AL S sdalie B x5 Ol Bl S B8 550

ui::&,ﬁj\w&»:)ycgéb%}ij

03 U g ails (g )ls me J)‘L"o’-\éauu\:-\) 33
on 3, Shes 53 (G yls me LS 4y ie LB
(ewlie c,_.z\s@)u); (Y Jsdm) i Lac s 65
als 5 Slas g 208 &S 510555 o 2 S-78-11 Y
Q‘J_A.?:-)jij_{CG)‘széuwt;@)‘:).}.m‘)‘)
N335 p s 55 e & o 65V 3 Slos
w\si)uw;\wdﬁ;;uﬁﬁzuuaﬁ
53 asls 3, Shee eSS s u,_.il_:.a Y Jsds)
slacsg) s Cals s LUl G&UCL.\;-IJ
(J-@).s‘\/‘\)dfj\ré).:}gwﬁ\‘\/‘\ ST
SRS o i (Ao )3 YAV Sl 055 5 0 S
.M:\:f\-d:’-l:}_é-a_g\)cbﬂbbﬁsﬁw
Al Sl el Sl e ey 90 Jsb el S
53 Les hulsl o olasles £ 6 6 g Kewr 5D
o Sl a3 5 GLidles 8 5l ey 0y
053 O o5 S 5 ()l jm g EalS ( fds IS
J_A}pj\céﬁsuutf@)u,;mwmﬁ;y
LS L o g 3, Shas EaLS 55 e
Lﬂj‘wK)Jkuﬁ‘)Jvu‘_{Q\ijﬁw
5 kie s (Radmehret al., 2004) O, Kan 5 031,
el ok |8 (Moshattatier al., 2010) o1 ,SKan
o g3 S (Sl fme U CBS s S0

SOl b a5 Els &8 e oy s alls
Al i g Co w53 (G ¥ S 4 e
293 5 ey g 20sm S Gl 55 (Y Jsd)
o ol B g5l me C);Sg.;:lf'cul:y
3 i 55 0By LS Gyl s e 5zl
Ay 5o RS g Cs o p2aS iy o3
planil (sla (i LasT 53 bls | oo 1y &5 1 el
as 50 9 (Dias et al., 2011) edis J 2S5 Loses 55 o
s 53 S35 g55 5575 (Reynolds et al., 2000)
odeh 158 L8 s St S 5l s e g3

Q-\_jdj_;wj.!)b Les u’%‘f‘\aﬁb-%)& !


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

[ Downloaded from agrobreedjournal.ir on 2026-06-09 ]

[ DOR: 20.1001.1.15625540.1394.17.1.1.3]

v'...‘\jlgo-\ﬁjz,)jéji \Aijm;‘u

93 53 0L (a.,\.f;x?};j o;cla~.,\>-lj).> als :ij@ué\c:;)'\@jj) Woos g alb Loy Culda 5 G a0 (glajgy Culda (ol i g8 Ce =Y Jgu
S 5wl CiS &b
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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