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Fig. 1. Wheat shoot apex at late single ridge and early double ridge stages, when the plants were transferred to
the growth chamber with 35°C temperature


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.1.4.0
https://agrobreedjournal.ir/article-1-275-en.html

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

[ DOR: 20.1001.1.15625540.1386.9.1.4.0 ]

e Ol el sle (g ST

- g
3958 A5 pdS ey 58S
SO s 0, e ) o 1 g e

JAA_;K})‘_; :_5_9104.51_2.4:1.366 1)
Cxkia) (255 !
s (S )

Jh) OL;.; L)J._.i}‘_mj o— j_,) ﬂ‘jl_91

= b})d.l?-)ﬁ J)‘j_}_:..ﬁKC-7732 ::};545\: )2

r}_g_gﬂar.l?:_mé EQJLGTKC-A‘-SII ;_935)3 3}—3
sl b Jlasl g 120 Sl isged b LA
)L91 4_;5_9)\5' ’J—"1J" 33

s Ol gy m b 0S4 g SLisles S

RN

e3> \_.._g')» .J1.9 B rL:-r_:'I)lm_‘a_ N
(o pdlas) o5 0gd g S b 93 3
u_m‘)ﬁj‘)ﬁbjﬂa}l_ilz?}.fﬁw

o3

KC-4512 KC-4511

0.2 mm scale bar

OLS o 5l g Ja) sed g S a3 51wy n 558 6

LI

Atrak KC-7168 wr 7729

Sy ST BTN ) S SR W S PR
ul:d.k.txed,pa(&ifuf.ly)liélfp&
MalS oL aSile; U lidles 57 0L 51 53,5 2lui)
(il odiles BU 01 53 (65w 555 5 ol St
55 ( Ll U S o | o) olS gl
PR S-r-B) EQE. | P PN P H LR VA PR
s ddy aows bl g s lacd gy ST
3 he 8l S e WLl 4 e L g el
W3 5 O se )bl o

jl_ﬁ)l.a.:;&b_ﬂu.r_gja}oJwaJLU‘jq_:J‘;'J

N5l 5 3l bl Uy gy 1 3530 Sk n
pS O S| 5 [ sk 138AS
3SPSS 12 51 80e 5 5l eslinal L ad> 10 as 53 oS
o bl g (S p ads 0 50 0L aslis
SPSS 12 )l 33l 5 5 eslizal b Lo ys 1 e 3 oSSl

A pla!

H

/

s

Seipssm S

[

Fig. 2. Variation of wheat genotypes for the rate of development in 30 days after emergence
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Table 1. Combined analysis of variance for yield related traits under normal and heat stress
of 35°C at double ridge stage

&3l 4=y Solas o oy oy
Trait Source of variation Degree of Mean square F Coefficient
freedom of variation
Ay ey ek Environment (E) 1 0.13 0.12 2
Vegetative duration  Rep./ E e s 1SS 4 1.03
Genotype (G) 585 4 561.2 502%%*
G*E X 545 4 1.63 1.46
E P T 16 1.12
s A s Jab Environment (E) 1 5.63 3.25 2.43
Reproductive duration Rep./E e J5ls 1SS 4 1.73
Genotype (G) 585 4 398.8 105.6%*
G*E X 545 4 20.2 536%*
E P T 16 3.78
i 5 agb U sy 3l Environment (E) 1 2.13 2 1.84
Days to flowering Rep./E e s 1SS 4 1.06
Genotype (G) 585 4 528.4 304.9%*
G*E X 545 4 16.21 6.39%*
E P T 16 1.73
ki 3 amhiins slias Environment (E) 1 0.3 0.13 6
Spikelets per spike ~ Rep./ E e J5ls 1SS 4 2.27
Genotype (G) 585 4 26.2 32.41%*
G*E X 545 4 4.47 5.53%*
E P T 16 0.81
L 3 dils 3ldas Environment (E) 1 4.03 0.19 9.6
Grains per spike Rep./E e s 1SS 4 20.87
Genotype (G) 585 4 141.7 25.9%*
G*E X 545 4 27.5 6.6%*
E P T 16 4.2
Gl e 0js Environment (E) 1 0.09 30%* 13
Single grain weight  Rep./ E e s 1SS 4 0.003
Genotype (G) 585 4 0.309 18.15%%*
G*E X 545 4 0.042 2.5
E P T 16 0.017
At a g3 ails O3 Environment (E) 1 65.3 6.66** 11
Grain weight per spike Rep./ E e s 150 4 9.81
Genotype (G) S5 4 63.4 TH*
G*E L 4 7.3 0.81
E s il e 16 9.06
& g plis Environment (E) 1 85 4.27* 7.4
Plant height Rep./E s s 156 4 19.9
Genotype (G) 355 4 1445.1 57.6%*
G*E L 4 63.2 2.52
E o T s 16 25.08
* and **: Significant at 0.05 and 0.01 probability levels, respectively. N Y B B W DHE G
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Table 2- Mean of yield related traits under normal and heat stress of 35°C conditions at double ridge stage

Ay bl Genotype 5.4
Trait Growth condition KC-7732 KC-7168 KC-4512 KC-4511 Atak Mean
Vegetative duration (550 oss0095Js Normal sale 453 41 25 253 32 33.72
Stress 473 40.7 24.7 24 30 33.34
Reproductive duration (35,0 .&j,35 Js Normal sale 75 77 61 57 645 669
Stress 77 80 59 57 64 67.4
Spikelets per spike dow 34 sl Normal esle 13 16 14 13 18 14.8
Stress 11 15 15 15 17 14.6
Grains per spike dtw 33 ails sl Normal esle 20 20 21 20 35 232
Stress 18 19 24 23 27* 22.2
Grain weight per spike (mg) . 4l 035 Normal el 800.8 540 610 630 750 666.16
Stress 730.2 510 570 440* 610 572.04
Days to spiking (day) (.} ;@) kew b 35, Normal sale 85 71 66 64 68 70.8
Stress 88* 76* 66 64 64* 71.6
Plant height (cm) ( ) 4y #ls ) Normal sale 85 85 56 63 55 68.8
Stress 76* 87 57 62 50 66.4

e 33 0 B padane 53 8GO g 3T bl ol e oglis 1 ¥

*: Significant at 0.05 probability level, based on Duncan Multiple Range Test, between two environments

LA
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Table 3. Combined analysis of variance for yield related traits under heat stress at anthesis stage

Lg;UT 43

. Source of variation o F ikl g
Trait DF Mean square Ccv
i 3 4l las Environment (E) 3307 67.9%* 13
Grains per spike Rep./E e s 5SS 48.7
Genotype (G) 5 90.6 4.81%*
G*E X 5} 4 167 8.91**
E AL OF 16 18.8
B3 2 05 Environment (E) 1 4 13.3%:* 16
Single grain weight Rep./ E e 5 s 515 4 0.3
Genotype (G) FI 4 0.03 0.47
G*E X a3 4 0.2 2.38
E T 17 16 0.08
din a e dls 0y Environment (E) 1 2780 146.3%* 11
Grain weight per spike ~ Rep./E e 5 S 4 19
Genotype (G) 5 4 43 6.26%*
G*E X 543 4 76 11.09%*
E = Wil 16 7
41> 045 0593 Environment (E) 1 2066 386.8%* 3.5
Grain filling duration ~ Rep./E o s 4SS 4 53
Genotype (G) 2513 4 103 3.5%
G*E X 543 4 304 10%*
E e T 16 29.5
* and **: Significant at 0.05 and 0.01 probability levels, respectively s e 93l DHE G

oy
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Table 5. Combined analysis of variance for yield related traits under heat stress of 40°C at grain filling stage

@il amys Slae iy <l
Trait Source of variation DF Mean square F CcvV
Al 3o ils ol Environment (E) 1 12.03 0.94 12
Grains per spike Rep./E e s 1SS 4 12.77
Genotype (G) 3§55 4 565.2 23.78**
G*E X 545 4 32.6 1.37
E i 16 23.8
als a0 Environment (E) 1 1.48 246.6** 9
Single grain weight  Rep./ E oee 513 4155 4 0.006
Genotype (G) ged 4 0.135 9.94**
G*E X 545 4 0.005 0.814
E s il g 16 0.014
ahiw 2 3 ails g Environment (E) 1 0.744 186** 14
Grain weight per spike Rep./ E o 1SS 4 0.004
Genotype (G) 5e) 4 0.104 6.56%*
G*E X 545 4 0.036 0.109
E i 16 0.016
Gl 042 5 ey93 Environment (E) 1 2358 649.6%* 6
Grain filling duration  Rep./ E e s 1SS 4 3.63
Genotype (G) gty 4 136.7 10.51**
G*E X 545 4 2242 17.24%%*
E 10 e 16 13
* and **: Significant at 0.05 and 0.01 probability levels, respectively s b 53 ls g DEE
Gls Odd pae ey °C 259 AT O kld 5 Sesw by o Sl - Jad>
Table 6. Mean of yield related traits under normal and heat stress of 40°C at grain filling stage
Ayl b Genotype Js)
Trait Growth condition KC-7732 KC-7168 KC-4512 KC-4511 Atrak  Mean
i 33 4ila 31as Normal sse 20 21.7 20.7 16.3 39 235
Grains per spike Stress 15 19.7 22 19 43 23.7
Reduction percent _tsl8 4wys 25 0 0 9 0 6.8
wls 2050 Normal $ale 36.9 28.2 26.2 28.1 24.5 28.8
Single grain weight (mg)  Stress 22.7 11.1 14.2 14.8 10.7 14.7
Reduction percent  _tslS dwys 38 61 46 47 56 49.6
12 ala O Normal sl 740 610 550 560 950 682
Grain weight per spike (mg) Stress 340 220 310 340 470 336
Reduction percent  _talS dzys 54 64 44 39 51 50.4
W13 OdE 093 Normal ke 55 57 39 4 44 47
Grain filling duration (days) Stress 31 20 27 31 27 27
Reduction percent sl ds s 44 65 31 26 39 41
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Table 7. Stepwise regression analysis for spike yield under treatment of heat stress of 35°C at double ridge,
anthesis and grain filling stages

NP1 P

growth condition
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W g Sos sl Fierst step

Heat stress at double ridge stage Second step

Sliley Tl s 2L F i Fierst step

Heat stress at anthesis stage Second step

P YR R P P - Fierst step

Heat stress at grain filling stage Second step

Jal

£
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£

Jal

ps2

Y =0.156 + 16.99 (SGW) 0.647
Y =-0.566 +21.76 (SGW) + 0.025 (GNS) 0.971
Y =0.007 + 0.017 (GNS) 0.817
Y =-0.001 +0.015 (GNS) + 2.28 (SGW) 0.880
Y =129 + 0.008 (GNS) 0.571
Y =-0.19 +0.12 (GNS) + 16.19 (SGW) 0.960
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Y = Spike dry weight, GNS= No. of grain spike”', SGW = Single grain weight

01; .1 [T S ;"3 dS‘JL’ ;,1}....5\15' 22 r.l..f us‘:"j
oLl e e LBl 585 8L
3 585 ur‘*" JL’f' 3 s .-06“!

e D eSFs P S5 al
_lszyjbﬂ‘mylf_}JLaf-gJA:J
=1JS£_5 nnﬁulouﬁlﬂu_l‘.;;JLﬁ.“j;J_g

..l:al.: eb.a.ﬁ = ..41

A

adaz Sl Ol GbLis 5l (65l 53 pAS 7515
WK S Il (S el odowe YL I

YU L slesolisS (g ey93 2, 0 5300l s
Dupont and Altenbach, ) 1 ol g a5 515
(2003

S

Jpl ey 15 ) e

t'}_..; JP}ﬂquuﬁbJTJJ@
J:J‘“)J‘f))}"é ar.L:'S'u;;_ﬂszﬁ
L


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.1.4.0
https://agrobreedjournal.ir/article-1-275-en.html

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

[ DOR: 20.1001.1.15625540.1386.9.1.4.0 ]

".h_,::q;;u,l-.uflsbtﬂ:jj SSly!

Ol [ S5l € LSij'; 23 ‘-5-").5"'&“
=l sdle gl ola o Bl Ol A
'J; }t‘_gx ::Jj ;JLE: - - ! OJLQ_:;

References oslawl 8390 @sbio

T IS OSERL pesmse pdS 6 e F Gy p LS SO ey g3ke £ 9.8 )
TS ks e s PNl e

93 oty Szl p S g g A2y S5 4 L P ogedly

Al-Khatib, K. and G. M. Paulsen. 1984. Mode of high temperature injury to wheat during grain development
Plant Physiol., 61: 363-368.

Anon. 1995. CIMMYT/NARS Consultancy on ME1 Bread Wheat Breeding. Wheat Special Report No. 38.
CIMMYT Int. Mexico, D. F.

Berry, J. and O. Bjorkam. 1980. Photosynthetic response and adaptation to temperature in higher plants. Plant
Physiol., 3: 491-532.

Blumenthal, C., F. Bekes, P. W. Gras, E. W. R. Barlow and C. W. Wrigley. 1995. Identification of wheat
genotypes tolerant to effects of heat stress on grain quality. American Association of Cereal Chemists. 72:
539-544.

Corbellini, M., M. G. Canevar, L. Mazza, M. Ciaffi, D. Lafiandra and B. Borghi. 1997. Effect of duration
and intensity of heat shock during grain filling on dry matter and protein accumulation, technological quality
and protein composition in bread and durum wheat. Aust. J. Plant Physiol., 24: 245-260.

Dupont, F. M. and S. B. Altenbach. 2003. Molecular and biochemical impacts of environmental factors on
wheat grain development and protein synthesis. Cereal Sci., 38: 133-146.

Ferris, R., R. H. Ellis, T. R. Wheeler and P. Hadley. 1988. Effect of high temperature stress at anthesis on
grain yield and biomass of field-grown crops of wheat. Annals of Botany, 82 : 631-639.

Fokar, M., H. T. Nguyen and A. Blum. 1998. Heat tolerance in spring wheat. I. Genetic variability and
heritability of cellular thermotolerance. Euphytica, 104: 1-8.

Garaia del Moral, L. F., J. M. Ramos, M. B. Garcia Del Moral and P. Jimenez-Tejada. 1991. Ontogenetic
approach to grain production in spring barley based on path-coefficient analysis Crop Sci., 31: 1179-1185.
Gibson, L. R. and G. M. Paulsen. 1999. Yield components of wheat grown under temperature stress during

reproductive growth. Crop Sci. 39: 1841-1846.

Hunt, L. A., G. van der Poorten and S. Pararajasingham. 1991. Post anthesis temperature effects on duration
and rate of grain filling in some winter and spring wheats. Can. J. Plant Sci., 71: 609-617.

Jenner, C. F. 1991a. Effects of exposure of wheat ears to high temperature on dry matter accumulation and
carbohydrate metabolism in the grain of two cultivars. II. Carry-over effects. Aust. J. Plant Physiol., 18:
179-190.

Kirby, E. J. and M. Appleyard, 1984. Cereal development guide. Arable Unit., National Agriculture Centre,
Stone Leigh, Kenilworth, England.

oV


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.1.4.0
https://agrobreedjournal.ir/article-1-275-en.html

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

[ DOR: 20.1001.1.15625540.1386.9.1.4.0 ]

ol asled g A 0Lyl o) p ke dln’

Li, C., W. Cao and T. Dai. 2001. Dynamic characteristics of floret primordium development in wheat. Field
Crops Res. 71: 71-76.

Lucas, D. 1971. Effects of the environment on morphogenesis of the shoot apex in wheat. Ph.D. Thesis, Univ. of
Adelaide. Australia.

Midmore, D. J., P. M. Cartwright and R. A. Fischer. 1984. Wheat in tropical environments. II. Crop growth
and grain yield. Field Crops Res., 8: 207-227.

Owen, P. C. 1971. Responses of semi-dwarf wheat to temperatures representing a tropical dry season. 11.
Extreme temperatures. Exp. Agric., 7: 43-7.

Rahman, M. S. and J. H. Wilson. 1978. Determination of spikelet number in wheat. III. Effect of varying
temperature on ear development. Aust. J. Agric. Res., 29: 459-67.

Rawson, H. M. 1993. Radiation effects on rate of development in wheat growth under different photoperiods
and high and low temperature. Aust. J. Plant Physiol., 20: 719-727.

Reynolds, M. P., M. Balota, M. 1. B. Delgado, I. Amani and R. A. Fischer. 1994. Physiological and
morphological traits associated with spring wheat yield under hot, irrigated conditions. Aust. J. Plant
Physiol., 21: 717-30.

Reynolds, M. P., J. I. Ortiz-Montasterio and A. McNab. 2001. Application of physiology in Wheat Breeding.
CIMMYT, Mexico, D. F., Mexico.

Stone, P. J. and M. E. Nicolas. 1994. Wheat cultivars vary widely in their responses of grain yield and quality
to short periods of post-anthesis heat stress. Aust. J. Plant Physiol., 21: 887-900.

Stone, P. J. and M. E. Nicolas. 1995. Comparison of sudden heat stress with gradual exposure to high
temperature during grain filling in two wheat varieties differing in heat tolerance. I. Grain growth. Aust. J.
Plant Physiol., 22: 935-944.

Stone, P. J. and M. E. Stone. 1998a. Comparison of sudden heat stress with gradual exposure to high
temperature during grain filling in two wheat varieties differing in heat tolerance. II. Fractional protein
accumulation. Aust. J. Plant Physiol., 25: 1-11.

Stone, P. J. and M. E. Stone. 1998b. The effect of duration of heat stress during grain filling on two wheat
varieties in heat tolerance: grain growth and fractional protein accumulation. Aust. J. Plant Physiol. 25:
13-20.

Tashiro, T. and I. F. Wardlaw. 1990. The effect of high temperature at different stages of ripening on grain set,
grain weight and grain dimensions in the semi-dwarf wheat ‘Banks’. Ann. Bot. (London), 65: 51-61.

Wardlaw, 1. F., L. Moncur and J. W. Patrick. 1995. The response of wheat to high temperature following
anthesis. II. Sources accumulation and metabolism by isolated kernels. Aust. J. Plant Physiol., 22: 399-407.

Wardlaw, L. F., C. Blumenthal, O. Larroque and C. Wrigely. 2002. Contrasting effects of heat stress and
heat shock on kernel weight and flour quality in wheat. Funct. Plant Biol., 29: 25-34.

Warrington, L. J., R. L. Dunstone and L. M. Green. 1977. Temperature effects at three developmental stages
on yield of the wheat ear. Aust. J. Agric. Res., 28: 11-27.

oA


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.1.4.0
https://agrobreedjournal.ir/article-1-275-en.html

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

[ DOR: 20.1001.1.15625540.1386.9.1.4.0 ]

.h_,::«,;;ulp.uflsbtﬂ:jj A5y

Responses of wheat genotypes to heat stress at different developmental stages

Alikhanil, M., J. Mozaffariz, F. Darvish® and Y. Arshad*

ABSTRACT

Alikhani, M., J. Mozaffari, F. Darvish and Y. Arshad. 2007. Responses of wheat genotypes to heat stress at different

developmental stages. Iranian Journal of Crop Sciences. 9(1): 45-59.

Heat stress during crop developmental stages, particularly in reproductive phase, is considered a major factor
reducing wheat yield in tropical and subtropical regions of the world. The effect of heat shock on yield
components of five selected spring wheat genotypes was studied. The heat shock of 35°C and 40°C were
imposed during double ridge, anthesis and grain filling stages under controlled environments (greenhouse and
growth chamber). Genotypes responded differently to heat stress during all three stages. All genotypes except
genotype KC-4511 were tolerant to heat stress of 35°C at double ridge stage of the shoot apex, while all
genotypes examined were killed by the heat shock of 40°C at this stage. Heat shock of 40°C at anthesis
dramatically reduced the number of grains per spike in genotypes Atrak, KC-4511 and KC-4512, while no kernel
was produced in genotypes KC-7168 and KC-7732. Heat shock of 40°C at grain filling stage caused serious loss
of grain weight and spike weight; however, it didn't have any significant effect on the number of grains per
spike. Grain weight was reduced by 38% in genotype KC-7732 and 61% in genotype KC-7168. Spike weight
reduction ranged from 39% in genotype KC-4511 to 64% in genotype KC-7168. According to the results of this
research short periods of heat shock which may occur in wheat growing areas of Iran, could substantially reduce
the wheat yield. Results reported here implies that in a wheat breeding program for heat tolerance, necessary
attention should also be paid to genotypic variation for heat tolerance at anthesis stage, in addition to the grain

filling stage, because heat stress, usually, takes place from anthesis stage in Iran.

Key words: Heat stress, Wheat development, Yield components, Heat tolerance, Genotypic variation.
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