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گنها
Responses of bread wheat genotypes to heat stress at

different developmental stages

۳۴شي،۲مظفر،۱خانيعلمهد

ي
. . ها. ۱۳۸۵. د. . مظفر. .عليخان

٤٥-٥٩): ١(٩.

ن عوييشييه ب،مختلفتنش گرما 

)L.Triticum aestivum(ـن تحقي. باشدمريمه گرمسيري  C°۳۵C°۴۰ي

پلاسـم  جيپنجساقهيستميمر

 ـ. دي)جهت (ييملاهي پي

 ـي،ها  ـ پي  ـه هـا ب -KCپ ي

4511C°۱±۳۵يهفت

C°۴۰.ها شدپيتمامين مرحله باعث يC°۴۰يحالد

 ـليKC-4511KC-4512هاپيدييعثبا پي

سـنبله ديشدC°۴۰. ديKC-7732KC-7168ها

 ـ.سنبلهر معنيثأي،شدهاپي هـا پي

KC-7732KC-7168 ،ـنسـنبله . ي% ۶۱% ۳۸ب يبه ترت   ـ% ۳۹ي % ۶۴تـا  KC-4511پ ي

يي،هاين تحقيينتابر.يرمتغKC-7168پي

 ـيجنتا.مل يپتانسبه ط،زيني  ـن تحقي ي

ي،ابي

يييز توجهينمرحله يها

.م

.ي، تنش گرما، : دي

 :۲۹/۲/۸۶
۱
۲)
۳۴
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مقدمه
ي ـه ي ـه نمو گي

مر
Triticum)يفي aestivum L.)

Hunt(م et al., 1991; Stone and Nicolas, 1995;

Gibson and Paulsen, 1999 .(  ۱جيتـنش گرمـا

يـــليمهفـــتيتقر
۵۰ي

هـا ي
ي. 

۴۰يــن۲فصــل
ــليم۳۶ ي

)Reynolds et al., هــاســامانه،نيــ).2001
) NARSs3(مل ـيتحق

ديتول
يقاتييي

)Anon, 1995( .
ــه  يســتميمر۴برجســتگمرحل

،ن سنبلهي۵ساقه
ش ـيند نمـو يي،

يگيديل توليم
Kirby and Appleyard, 1984)( .ــ ــهي ن مرحل

هـا ژگ ـينموهابريمستقريثأت
،ي ـل تولييه بن مرحله،يي

)Garcia Del Moral et al., 1991.(
يثأتهاعاملپ ي

بـه  ساقهيستم يمر
يي. ندي

يهــانــدي
Kirby and)م ـ Appleyard, 1984) .

ييمناطق،
باشـد  م ـي

)Rawson, 1993 .(هـا ينهـا ها
هـا ير

يها
تـر  طـولان ش ـييه ن بي

Li(ي et al., 2002 .(
) C°۳۵يب(يــبــا هــا

ــن زي
ســــت يييــــ

)Stone and Nicolas, 1994 .(يــ
هـا 

ــت ــايگلسـ ــر يهـ گـ
ــ ــي م

)۱۳۷۶(.
سـبب  نمـو هـا تنش گرمـا  

م ـيي ـي ـ
(Midmore et al., ي ـين محقق ـي ـ. (1984

Berry and)ي ـي Bjorkam, 1980)

(Alkhatib and Paulsen, 1984)كـاهش فتوسـنتز  

تجمـع ريجلـوگ . لي
,Jenner(ها 1991(،

سـنبله يسنبله
Warrington et al., عمـوم ري ـپعيتسـر )(1977

,Alkhatib and Paulsen(يگ جـه تـنش   ي) 1984
ي

۵تا ۳يه ، ب
C°۱۵بـالا بـه ي

يييگ
شـتر يبحت ـيي ـن مي

)Gibson and Paulsen, 1999.(
هـا پي ـها
مـرتبط ييزيمتحمل به گرما

Fokar(يشامل پا et al., 1998( ،
1- Continual heat stress 2- Terminal heat stress
3- National Research Agricultural Sytems 4- Double ridge
5- Apical meristem
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٤٧

Reynolds(اهيپوشش گم et al., 1994(،
Reynolds(ييم et al., 2001 (

)Alkhatib and Paulsen, 1984(سرعت فتوسنتز 
نــه ييــيهمچنــ. يــ
ــاب ــا بر ي ــه گرم ــل ب ــا  يثأتحم ــنش گرم ر ت

)Ferris et al., 1998( ،
ــه Wardlaw(گلخانـ et al., 2002 (

)Stone and Nicolas, 1995; Stone and stone, 1998a;

Stone and stone, 1998b; Corbellini et al., 1997;

Gibson and Paulsen, 1999(.
گرمـا  تـنش  ابي

هـا طييفيي
مطالعــات: 

ي۳۰جي
)Tashiro and Wardlaw, 1990; Wardlaw et al., 1995 (

هــالعــات
به (ي۴۰-۳۵

) ها
)Blumenthal et al., 1995; Stone and Nicolas, 1994;

Stone and Nicolas, 1995; Stone and stone, 1998a;

Stone and stone, 1998b.(
۶تــــا ۴ش ي،جيي

ــانت Stone and(،يس Nicolas, 1994;

Stone and Nicolas 1995; Stone and stone, 1998a (
،قـه يC°۴۰۳۰بـه  ۱۶يش سـر يي
)Stone and Nicolas, 1995; Stone and stone, 1998a (

هـا .

هاطيتنش گرما
).Gibson and Paulsen, 1999لهيه (

يي ـي
تـنش گرمـا  بـا  يبس

ــل ــ(فص ــه ب ــاي ــالاه ) ب

)Dupont and Altenbach, 2003

ز ي ـابي،)۱۳۷۶
تحمـل بـه   ها

ش ي. يي ـگرما، به م
ل ي ـه ر ب ـي ـهـا يجي
ييش جمعيCO2ش ي

يملها
تنش گرمـا م ـ تحمل به نه ييي

يــن تحقيــ. ديــ
.مختلف نمو

ها
يي

هاشييملاهي
ابيـــ

ــ ــاپي KC-4511 ،KC-4512ه

KC-7168)ــا م ــه گرمـ ــل بـ ــ) تحمـ KC-773پ يـ

،)۱۳۸۱()ين(

)CIMMYT1(يتحقنيب
.يي

۱:۱ي ـي
هــا

اهي ـيل۵/۳به حجم يپلاست
۲۶۱۳۸۳خ ييمل

ي. شد
سـاقه  حـل غنييمعدن

ييبه ميبه گ
پنجها اهچهيي.

. يياهچه يگ
يطيمحط ي

هاپي. ريجلوگ
ي ـيهر مح

1- International Maize and Wheat Improvement Center = CIMMYT
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ي ـ
.ي

يگي
) C°۱۶/۲۵(ي

. افتنــدي۶۰)/شــب(
C°۳۵

ــتگ ــبرجس پ ي
ــ ــه ب ــي يي
)Kirby and Appleyard, 1984 (. يبـد

ن يبد.
)۱(برجستگنييگقيطر

C°۳۰ها
C°۳۵بـه هايي.افتندي

بـه  يگ.ديم۸۰
ن ي ـپنجهفت

افت ييگ.شدند
. شدندي

بـا  ي
ي، گسنبلهي

C°۳۰يC°۴۰د يم ـ
ي ـين تي. افتندي

ي.پنج
گلخانـه  ط ي

.
۴۰ي

ــد يــ۱۰،يســانت همانن
دگي. 

يانگيــم(
يانگي ـم()

م ييانگيم()هرسنبله
(

)هـر سـنبله  هـا (
)(،

mm scale bar 0.2باشد   متر مليم۲/۰شاخص 

ن مرحله به ييگ،تگمرحله برجس-۱
C°۳۵

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

دوگانهیبرجستگ

برجستگ

سنبلچهبرجستگ

برجستگ
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)
)برجستگ

)
 (

) سـنبله (

.

محيط
SAS۰۱/۰۰۵/۰

SPSS 12

۵SPSS 12

.

جينتا
اهپيسه يمقا

ش ـي(شي
سـتم  يبرجسـتگ نيشي

، نشــانگر )ســاقه مشــخص مــي
سـه  يمقايتشـر ). ۲(قابل ملاحظهي

ــاقه  ۳۰سـ
ش ـيKC-7732پ ي ـيحال

هــاKC-4511پ يــ
ــن ــديي ــا.ن ه

، يــطو،برجســتگ
ابيــ

ــ، ــه ي ــاانسي ه
)(ي

ن يانگيسه ميمقا
.گرفت

mm scale bar 0.2باشد                                                                                           متر مليم۲/۰شاخص 

۳۰هاپي-۲
Fig. 2. Variation of wheat genotypes for the rate of development in 30 days after emergence

 ـتنش :  مرحلـه برجسـتگ  C°۳۵C°۴۰اگرم

پيمعن
ي ـريگ

ش ـينمـو طمح
انسييتجزسنبلهسنبله

C°۳۵
ها)۱(
بـر ،ي

هاطيها
،يي. 

. ر معن ـيثأت ـسـنبله هـر  
تيمحتجز-۱

KC-7732KC-7168AtrakKC-4511KC-4512
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C °۳۵
Table 1. Combined analysis of variance for yield related traits under normal and heat stress

of 35ºC at double ridge stage
ييب تغيضر

Coefficient
of variation

F
يانگمي

Mean squareDegree of
freedom

Source of variationرييبع تغامن
صفت
Trait

شيEnvironment (E)طيمح20.120.131
Rep./ EVegetative durationطي1.034

Genotype (G)پي561.24**502
Gطيمح× پي1.461.634 * E

Eشيخطا1.1216

شيEnvironment (E)طيمح2.433.255.631
Rep./ EReproductive durationطي1.734

Genotype (G)پي398.84**105.6
Gطيمح× پي20.24**536 * E

Eشيخطا3.7816

Environment (E)طيمح1.8422.131
Rep./ EDays to floweringطي1.064

Genotype (G)پي528.44**304.9
Gطيمح× پي16.214**6.39 * E

Eشيخطا1.7316

Environment (E)طيمح31 .60.130
Rep./ ESpikelets per spikeطي2.274

Genotype (G)پي26.24**32.41
Gطيمح× پي4.474**5.53 * E

Eشيخطا0.8116

لهEnvironment (E)طيمح9.60.194.031
Rep./ EGrains per spikeطي20.874

Genotype (G)پي141.74**25.9
Gطيمح× پي27.54**6.6 * E

Eشيخطا4.216

Environment (E)طيمح0.091**1330
Rep./ ESingle grain weightطي0.0034

Genotype (G)پي0.3094**18.15
Gطيمح× پي2.50.0424 * E

Eشيخطا0.01716

Environment (E)طيمح65.31**116.66
Rep./ EGrain weight per spikeطي9.814

Genotype (G)پي63.44**7
Gطيمح× پي0.817.34 * E

Eشيخطا9.0616

Environment (E)طيمح851*7.44.27
Rep./ EPlant heightطي19.94

Genotype (G)پي1445.14**57.6
Gطيمح× پي2.5263.24 * E

Eشيخطا25.0816
:** and *.۰۵/۰۰۱/۰ب معنيبه ترت: *** Significant at 0.05 and 0.01 probability levels, respectively.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.1

.4
.0

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
02

-2
2 

] 

                             6 / 15

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


" .. "

٥١

ن ي ـ) ۲(يانگيسه ميمقا
هـا پي ـيتنش

.ي
گـر  يKC-4511پ يينسنبله

.پي
مرحلــه برجســتگ

به نظـر م ـ .شدKC-4511پ يييضع
ل يي

يي ـن گي ـ
ي. شــدســنبله هــر

ي
)Stone and Nicolas, 1995.(

ر معن ـييتغشي

ي،پي
ــا  ــنبلهت س

ــ ــاپي ــيKC-7732KC-7168ه ش معن
ن مرحله باعث توقف نسبي.

KC-7732پ ي

ن ي ـ. ع ـييتنش گ
ي

ز ي ـپ ني ـي ـني. شد
ن مرحلـه  ي ـ.ن توقـف ناش ـ ي

.يه گيC°۴۰تنش گرما
ن ي ـ

مطالعات:مبندطبقه
ها تأثير

)Owen, 1971( تحقيقـات ،

C°۳۵ط تنش ييانگيم-۲
Table 2- Mean of yield related traits under normal and heat stress of 35ºC conditions at double ridge stage

ن يانگيم
Mean

يGenotypeپ ي
Growth condition

صفت
Trait AtrakKC-4511KC-4512KC-7168KC-7732

33.723225.3254145.3Normalط)(Vegetative duration
Stressتنش33.34302424.740.747.3

66.964.557617775Normal)(Reproductive duration
Stressتنش67.46457598077

14.81813141613NormalچبلسنSpikelets per spike
Stressتنش14.61715151511

23.23520212020NormalGrains per spike
Stressتنش23241918*22.227

666.16750630610540800.8NormalسنبلهGrain weight per spike (mg)
Stressتنش570510730.2*572.04610440

70.86864667185Normal)(Days to spiking (day)
Stressتنش*88*646676*71.664

68.85563568585Normal)سانتي متر(Plant height (cm)
Stressتنش*66.45062578776

ط          ييب% ۵:*
*: Significant at 0.05 probability level, based on Duncan Multiple Range Test, between two environments
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تــأثيرگــل
)Lucas, 1971 (ها تـنش گرمـا   هاي

)Rahman and Wilson, 1978 .(
پـــذير

هــــا
)Rahman and Wilson, 1978.(ها

KC-4511KC-7732  پاسـخ نسـب
C °۳۵

هـا يـپ 
پذير

 .

.
 :C°۴۰

C°۴۰انسييهتجز
معن ـيثأ

ن تنش بر ي
ن مرحله ي). ۳(

ي)۴(يدي
ل يKC-7732KC-7168هـــاپيـــ

د ي ـتوليي ـز به ميها نپيي
پ ي ـييبالاتر. 

C°۴۰يتجز-۳
Table 3. Combined analysis of variance for yield related traits under heat stress at anthesis stage

CV
F

يانگيم
Mean squareDF

Source ofرييبع تغامن variation
صفت
Trait

Environment (E)طيمح33071**1367.9

Rep./ EGrains per spikeطي48.74
Genotype (G)پي90.64**4.81

Gطيمح× پي1674**8.91 * E

Eشيخطا18.816

Environment (E)طيمح41**1613.3

Rep./ ESingle grain weightطي0.34
Genotype (G)پي0.470.034

Gطيمح× پي2.380.24 * E

Eشيخطا0.0816

Environment (E)طيمح27801**11146.3

Rep./ EGrain weight per spikeطي194
Genotype (G)پي434**6.26

Gطيمح×پي764**11.09 * E

Eشيخطا716

Environment (E)طيمح20661**3.5386.8

Rep./ EGrain filling durationطي5.34
Genotype (G)پي1034*3.5

Gطيمح× پي3044**10 * E

Eشيخطا29.516
:** and *.۰۵/۰۰۱/۰ب معنيبه ترت:*** Significant at 0.05 and 0.01 probability levels,  respectively
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KC-4511ن ي ـي ـيانگي ـ
. ۷/۶ه پ بي

ي
ي. ييبس

ي ـي ـ
ها مح گليد تلقيفشان

ا يــيــيــن پديــ
ــ ــي ي

ابد ي
)Ferris et al., 1998 .()
يييپا

. ين) 
ي ـيي

KC-7732)۴۶ (KC-7168هـــاپيـــ

. ي) ۶۵(
ــي ــيـ KC-4512پ يـ

.ي) ۱۸(

C۴۰°ييانگيم-۴
Table 4. Mean of yield related traits under normal and heat stress of 40°C conditions at anthesis stage

ن يانگيم
Mean

يGenotypeپ ي
Growth condition

صفت
Trait AtrakKC-4511KC-4512KC-7168KC-7732

23.53916.320.721.720Normal

StressGrains per spikeتنش2.516.7500

87985976100100Reduction percent

28.824.528.126.228.236.9Normal

StressSingle grain weight (mg)تنش15.539.511.826.400

520580100100Reduction percent

682950560550610740Normal

StressGrain weight per spike (mg)تنش44108013000

92998376100100Reduction percent

474442395755Normal

StressGrain filling duration (days)تنش283426323119

392348124665Reduction percent

 :C°۴۰
انسيهيج تجزينتابر
C°۴۰۱۰گرما

معن ـريثأت ـ) ۵(يپا
يتحق. 

C°۳۰جي
ي

ــن ــي ــز م ي

)Tashiro and Wardlaw, 1990 .(ن ي ـ
معن ـمرحله

سـنبله هـر  بر 
ي.)۵(

× پ يــيــ
. ط يمح

ييين مرحله به مي
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ســنبلههــر 
. )۶(هـا شـد  دگي

پ يـــ(۳۸
KC-7732(۶۱تا)پ يKC-7168(

پ ي ـ(۳۹سـنبله هر نه
KC-4511 ( صد ۶۴تا)پ يKC-7168 (

ن يشـتر ي.
;Stone and Nicolas,1995(حساس

Gibson and Paulson, 1999.(
هـا طيمشـابه بـا مح ـ  هـا طيي

۴۰تـا  ۳۵(يبس ـمز
) يســانت

يمختلف گها
Corbelini(ي ـگيتأث et al., قي ـ). 1997
ي ـگري

ــ ــ۲۱پي ــل ي ۱۴پ متحم
(Stone and Nicolas, 1995) .ن يهمچن ـ

ي
ــگ ــيي پي

۱۱پ متحمل ي۲۳
)Stone and Stone, 1998b .(گـر يي

۷۸۲۹
C°۲۰/۳۵)۱۰)/شب ،

Gibson and(افتي Paulsen,1999 .(ي
بـه  اتي

)C°۴۰تـا  ۳۳(افـت  يش ي
,Stone and Nicolas(فت اي۲۳ 1994 .(

۵۰يي
ن يــ. 

۴۹تــا ) KC-7168پيــ(۶۴ن يش بــي
ــ( ــمتغ) KC-4511پي ــ. ي ــن مي ي

ــالا ــتر مشــ ـيبـ شـ
گيش 

(Gibson and Paulsen, 1999)ي

ي. ي
شتر ناشي

يبعض. 
يجابجايگيي

ــي ن ي
ريپـذ يرثأت). Jenner, 1991(ي

پي
ي

بتحمل تنش گرما م
هــاپيــيپــذي

 .
،

ــ ــ. ي ن يي
KC-4511پ ي ـ

پ يـــي) ۲۶(
KC-7168)۶۵ ( .

پيــ
،ي

ــ ــاين نتي ــاه جييگرم
)Tashiro and Wardlaw, 1990 (
)Stone and Nicolas, ضـمن  . ه ب) 1995
ييي

شـناخته م ـ 
ــات يپيهـ

پيهــا
ي

ق حاضر ي. )Stone and Nicolas, 1995(شد
ــيـــن يهـــاپيـ

ز يـــن
ن يترKC-7168پ ي. 

ــ KC-4511پ يـ

ي
.
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C۴۰°يتجز-۵
Table 5. Combined analysis of variance for yield related traits under heat stress of 40°C at grain filling stage

ييب تغيضر
CVF

يانگيم
Mean squareDF

رييبع تغامن
Source of variation

صفت
Trait

تعدEnvironment (E)طيمح120.9412.031
Rep./ EGrains per spikeطي12.774

Genotype (G)پي565.24**23.78
Gطيمح× پي1.3732.64 * E

Eشيخطا23.816

Environment (E)طيمح1.481**9246.6

Rep./ ESingle grain weightطي0.0064
Genotype (G)پي0.1354**9.94

Gطيمح× پي0.8140.0054 * E

Eشيخطا0.01416

Environment (E)طيمح0.7441**14186

Rep./ EGrain weight per spikeطي0.0044

Genotype (G)پي0.1044**6.56

Gطيمح× پي0.1090.0364 * E
Eشيخطا0.01616

Environment (E)طيمح23581**6649.6
Rep./ EGrain filling durationطي3.634

Genotype (G)پي136.74**10.51
Gطيمح× پي224.24**17.24 * E

Eشيخطا1316

:** and *.۰۵/۰۰۱/۰ب معنيبه ترت:*** Significant at 0.05 and 0.01 probability levels,  respectively

C۴۰°ييانگيم-۶
Table 6. Mean of yield related traits under normal and heat stress of 40°C at grain filling stage

ن يانگيم
Mean

يGenotypeپ ي
Growth condition

صفت
Trait AtrakKC-4511KC-4512KC-7168KC-7732

23.53916.320.721.720Normal

StressGrains per spikeتنش23.743192219.715

6.8090025Reduction percent

28.824.528.126.228.236.9Normal

StressSingle grain weight (mg)تنش14.710.714.814.211.122.7

49.65647466138Reduction percent

682950560550610740Normalهر سنبله
StressGrain weight per spike (mg)تنش336470340310220340

50.45139446454Reduction percent

474442395755Normal

StressGrain filling duration (days)تنش272731272031

413926316544Reduction percent
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صـفت  برسهم ن ييجهت تع
يي ـط تنش، تجزيسنبلههر 

حـل برجسـتگ  ي
ين بـد ).۷(

دگيه بــهــا
ي.يپ

ن صفتيبرجستگ
سنبلهيي۶۵

صفت بعد. يتوج
سنبلهيي۹۷سنبله

هلي.ي
ي

يي۸۲يهتوج
د يي. 

(تعــ
. ي ـقابل توججهين نتيشد،) ۸۷ن يانگيم

به مرحله 
ــترت )۹۶(۵۷۳۹ب يـ
ــتغ ــيي ي

جهـت حفـظ   ي ـ
ط ت ـي

) ۹۶/۰(يبســـهمبســـتگ. باشـــد
ــ ــنبلهيب س
)Warrington et al., 1977.(

، C°۳۵ط تنش يييتجز-۷

Table 7. Stepwise regression analysis for spike yield under treatment of heat stress of 35°C at double ridge,
anthesis and grain filling stages

R2يطوني
growth condition

0.647Y = 0.156 + 16.99 (SGW)Fierst stepتنش گرم
0.971Y = - 0.566 + 21.76 (SGW) + 0.025 (GNS)Second stepstress at double ridge stageHeat

0.817Y = 0.007 + 0.017 (GNS)Fierst step

0.880Y = - 0.001 + 0.015 (GNS) + 2.28 (SGW)Second stepHeat stress at anthesis stage

0.571Y = 129 + 0.008 (GNS)Fierst step

0.960Y = -0.19 + 0.12 (GNS) + 16.19 (SGW)Second stepHeat stress at grain filling stage
 =Y  ، ه =GNS، =SGW

Y = Spike dry weight, GNS= No. of grain spike-1,  SGW = Single grain weight

ي
ي ـا،ييييهاقسمت

يبس ـهامعهند
,Dupont and Altenbach(نـد يب

ــا.)2003 ــينت ي
هـا خـوب 

منـابع  ي ـناغبا توجه به ،ني،ي

ي ـمل ـاهي ـيي
هـا يطهايپي

هـا يـپ يباشدمر يپذگرما
ابيبيهاريمتحمل به گرما 

ق ي ـن تحقي ـ
ج ينــد بــا نتــامــي

.بخشيد
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ــ قــاتييــن تحقي
يـــيبخـــش تحق۷۸۳۹۳-۱۲-۱۰۰

، يــملــاهيــگيــاه
ــه تحقؤم ــيسس ه ي

. دي
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Responses of wheat genotypes to heat stress at different developmental stages

Alikhani1, M., J. Mozaffari2, F. Darvish3 and Y. Arshad4

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.

Received: May, 2007
1- Former MSc. Student, Science and Research Unit, Islamic Azad University, Tehran, Iran.
2- Faculty member, Seed and Plant Improvement Institute, Karaj, Iran (Corresponding author)

E-mail address: jmozafar @ yahoo.com)
3- Professor, Science and Research unit, Islamic Azad University, Tehran, Iran.
4- Faculty member, Seed and Plant Improvement Institute, Karaj, Iran.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.1

.4
.0

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
02

-2
2 

] 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

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

