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Current Status and Prospective on the Investigation
of Heat Tolerance in Wheat

Xu Rugiang Sun Qixin Zhang Shuzhen
(Dept. of Plant Genetics & Breeding)

Abstract High-temperature stress is a major constraint to higher and stable productivity
of wheat , there is of great theoretical and practical significance in investigating heat
tolerance in wheat. Achievements up to now that are related is elaborated,including .

(@ the impact of high-temperature on the growth and development,yield and grain quality,
and @ on the physiological or biochemical processes; as well as 3 the performances of
heat tolerance; and @ the genetic control of heat tolerance. Additionally,comment-and
summary were conducted.
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BRERNEEZHEERKATFAMNEEESHAEREZ — NEEKPEMEE#ET
BHOEHERER - ENREXAMGIERIETEAERTIBR. NEY*AEH. NEHAR
FATHRIEGENLIBYIE —EMNER. BENRSBEN=ESBE. BRI\ ES
BENNRETEEE TN RSERBE. AR NEEFTNE YA EREET/INEEEY
BERBERN , MABRANNTEELAN TYREFRERSFEEAE=EIREME, NILE X
EFAR R /NEE R AL T A E .

1.1 WBBMNHERERERE. = RIF RS RN RN

BEMEBERFE—REFNENERRATHE, SEATHTETESERA AR 2
A0 R B[R] A B0 » R X S R A T B 7 DA 6630 ) X6 R SR80 SR Sl B 3 /)
FAFHHITHMRERD, DEHEZE R CREFEPNITEE LB =4 F
EXFERMFETHTY B HKBKK S 13.0,11. 8 # 16. 2CHT, P HRFLERIIKIK N
37.0,66.3 F154. 8 d; MEEERHEZM T MY A YKIBKIKN 25.1,24. 4 f 23. 4 CHT,
HP R RERIKAL K 19.9,19. 8 f1 35.1 d. W/NEARFRBM X TIERFE, HEE
SERRENEEFTERSESER B RV ER AR RN S B RER HA
B GR/NER AR B SR SRR, AR SRR A S T E TR
EFEBHMERY, BAFE~BEAS TR, EHBASTEEREETHAHKEBE W
15C) 2~7CHIB BB /NEHF Yecora 707 METHREFHERAE 1 CAFIR=ET
fE 3% ~4%"™; MEFEEZNBNHHRESCELRR, KHHEBEERGFERRIT
RHEAERESRER EFEERAAR SR Z WA FBOFEKE BT L R RLE
NESI T L Y R A B BT YR R R A R | 4 O R A T R R R S
EHEFPFHHHRIE 15.8~27. 7CHEN . BESAR 1CHME KT HEE 3. 1 d A
BN ETRE 2. 8 mgh™, SRR AT EWH— RS RERE A SRE, BRRSH
FORE TREY SR ES RS’ ., HSEEFEFLEBAEA &K
HEMNMESERFEOSFEFAEASTEZ WL, M K HRE . BB PES S4 et
AL, EEERE 15~30CHEEN.EARERN SR L BHEBEE &
BEEYEEHEL0CH, —ENEREEYS TR, AEENELEARTREED,
BT I, SR AT /N S B e AR,

1.2 BRMNNEFTEEBELTENRDE

BBHMITESRASRAGZA, HEBAMIREGECZIHEHER S, —
S miRET AR EEEREIT AN FERENTYFREE™.

FEEEREF TREEEYEZSRAGHEEEELIED, SR AEGEINEER
NOEHRAEEEE SR, XAEN A TE NG 2 R AR B R D), XM
2217 CB/BOBERFZME TR 10 IR, SHEEFRERAMAREA KA 32/27C
(B/BORBLE 2 &, AR AERSHER TR 322/ 11% . BEY =B FHREK
32% M 15%, AR BN FFHREMK 20% M 23%, HFEANXSEZMNRES=ER
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A 3 5P R L P AR EC,

SR AHELE B EFSERBWAEH, ER IR R EERI Y
i, {ELLASS £ B8] o O 40 PR 38 0T SE0H LR R AU MPRLR R B S REAL E A R AR
RE N M P[RR EH . HX - BRI SR TR RS R0 & BREE, )
fb, WIRREMH 4 REERBH S REEAERHZH, U RS ETELRS
BB E AR RTHEMER, FTRREET RN EERE ., HLE R
W 1R R B1E IR0 K6 R AR 8 R AL 5 6 R H 2 8 X iR BEAR HL B U e,

2 INEiE AR

EEEBREH, AR/PESATHEROR YR ERFBIVEFEEER DEFOR IR
BEHFZHEREIERNMMEBAHAR KL AR EENEETRHOARRE FHE
ﬂ:‘[lme.ujc
2.1 FEEFEHBFHERNRAMEER

EH RO I NEHBENME R R TLIBR Y, AR EF N AR, LB AT
HERER, FREATHRZ EFRERKPR/: RAFHRTS, WRIABREST SR
BESUR RNERZ  BEBEEER/). EFREFRERM=R]BL, UBNEERELK, B
BREKZ, RER/NY,

2.2 AEEBELECTENHEAMEER

HYEEEREEW PSIHRE 5 Z &R A, T PSI M EEN e, d/hE R
F“Newton”ZEFF G — BRI AR B HBRAG T HTAE, R AR R EE R
B AR E/NCY, 550, HRERE 15~25CIREMENMBEF ST, B
ERUEREE ., BN, MEERENEEABENARHEE. FREEAHR, SE0E
BLEFALZWIFRARYEXSE, MWHAXSEHM, RIDFRIES LE AR S
BREGZEBEEWS,

2.3 oitEpiHAtEER

FER B T X AR N R &R AT X B 5T iR B — R RS e e
R ARegEat AT B E M DNA & RN HE A REE R E AR ER R E
B RESRFRAMKTEAN %, LRESHE R R GFESRNE T4
BRI P B K OP B0RR S AR 4 A AR A P ER R T LR Tl 43 O TR 0D R T 4 7 4 5 X
HEXELMKIOEEMN T WA LA -REER, EHRAERE R SRR FRR
B TFTHAWRRAM =R E S 21%4,

2.4 PRIBHEH
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ALl e BB EMECY, R, £ 20/15CE/BOBELFGTEKA/DMELF,
H 30 min FIRGEABOLRERECN 45°C, TTE 40/25°C T &% 9 d /5 HBILIR B
52C, AR GHE B TRE/NDENIHAESN IMNEERTRARTEFEN/ NERHT T
BE+ABEHAEWFE L. RBRFTREHRED D BEECI MRk B TR R
5 Y 5 I BB T AR ok SRk P 2R R A B A A M T I N A E R AL S R R E R,
MR E AR T BFRE R, RE/DNERFHX AR HRIEAMIN L EESR.
B 5T » 30 8B 0 T {5 ke o o ) 00 G SE FE  JU BAG A AR BE LU R BURR S PR B B TS, A 80 4R
RURHHBAKR T HS RV RKEBERRCIEE, MR TEFHRARTELHSPOWE
BEMYH A RBEFTRE, MAREURMEESSENEME. RENFREE
TE 3L, i 45 2 BUR /N R 5 By HSPs SRR FEEE P B E 57, B 10 4 & M “Mustang” Ho 34
BB R Sturdy "B L S B — 4 F B 15~18 kD 1 33~40 kD 457 HSPsle-#0-581

3 IhNEMHARMEEE

INER T REFER GRS, FRARERRT W EERBHRE. BE,EERAR
6] A9 T P U S 7 R AR X R D E R RN RS AT TR IRAXEREFER
ZIMBEN —MECA SRR (GCA) FHREL & 18N (SCAY MR MM (R), F 1§ B &
B9 3R R p T I AR AR (0 B 3w 15000 33X g B U B T A Y 3 1 R L AR
BIREY B AR A0 18 15 B 32 ROy FE B A AR IR R, R R TS EEM
YER, AT 3R ANTS B X RER M B RA AR RPN T B SR EE. X604
LE/PIEE RZHEHSTERRE, MR ERENEMRE B MRS A%
BYBEX—E MR TTRERRE A KRB, o, A SCEE TR A 20 #5708 40 MR T
5 Ml /NEREARFY 46 MEEREEF TR, 7 EFR 40858 /N F 1w
HERBH B ELW RS R W FE R AR E BT ok /N i 40 i % ] B A
AH R, XMEARESFARRRER T NERERRAFEET LS,

oA SR E R R BT R BN E TR A B FRE SR, EESE KA
PR T B R X U AR R R R DN B T S T T R EAKE LR, R G
Langdon BT #PE5 R a4k 3A,4A,5A,3B fl 4B %02, Xb & & L /N3 & Fh“Hope”
BB R R B, i SR F BEFE T FIRE 2 A1 3 e dk L, K, i TR
RBEHIEREBRAR/AKZR L HSPHENEMPERAPEERER, MELFHPER”
EH HSPs EF S HEET T EERE 3,4 M7 B9 ik 10 N LR RE, Mo RER
SHWBEERL S NEMRBIERRKXR,

4 [OEERE

NS A K A R — R B R B R T R T S L A T R R B R A e R IR
RBEHBAN B EBRFBMNLE I B AEE NERER, WEEHERT
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15CE 2, NE X EB/NEEF P RBHEZ A RER 2SN . HEE—RHE IKE
JeorhENFERSHETHREL, FRSEEIIE FTHER AZWEEREN 2 —, it
BB A /N ER AW E R BIRE 30 A BN, F, ERENEEFREREN
KEE"H SRR SR T, A LB TS AR A8 3 1 /N3 8 7= A0 52 7 149 B Y R )
HEE.

INEE B TR B R — S Z AR S MR, X IR — R T B B A RBE B R 16 T s
RVEFEHAU R SR A E REFZEEHENEWE, 8BS AR SEE 760t KSR E
FHEFOXIFRARARALE . HI, WA T B/ F R0 M F KB R T
6 B 5 WIS AT RE T (4 (89 T B 58 8 T i RIEATT R 2R R R B s R Wy SR &
. RIAEREEFHED TR A 4R AR E W, B — A U HER e E e Tk
Bt EERER AR (HEEE) , 85 R RIS E R AREX KHA B F N #7 £ E
CRPL B EEE) ;s THEE R EE "SR, Bit, Biigy —EgEERMREE
FERERNTTRSGITHEESHARERELEN., 64 HE DT T RRIFITHFBE T 05
HERE . HR, 5 WA R VR FIDLHI BT 50K 8 B T4 % 55 B Ut 1T Sk
MW R KA B TIRR AU R 2L 07k BRTX 57 C MR A b A AT T 1F
ZENTRE T ERIOE, ATTNH AT HLREE T —E &M . BiF S0 E R RAH
KRB B ARFFRATHR, X5 HRRH TERS BB BRE R & 5 E
EREAERN, UAETEHEEEMAAERAIBRSFRERNXR. HiL, 4&FMHA
EFLE X EHHTRITEE T EEN BB = EERRMMEEE RN R A RR
B, RRMEANTINGR T e vk 8 (2 B LU IF R i v B R R (16 = . 25 X 0T 89 B
ROV WHE—EWRBE, ERERN S EHHRREFRBHESEX.

£ ¥ X ®

1 €8x¥Hm. PEHNAESHERAR. JL3- R 5K, 1983

2 SHEBAITRIVFHEZEFEEFREH. URBMX RV A R0 R . JLETAEE d 1993

3 Shpiler L, Blum A. Differential reaction of wheat cultivars to hot environments. Euphytica,1986,35:
483~492

4 Warringtion I J, et al. Temperature effects at three development stages on the yield of the wheat ear.
Aust ] Agri Res, 1977, 28: 11~27

5 Kanani P K, Jadon B S. Variability for high temperature tolerance in bread wheat. Indian J Agric Sci,
1985, 55:63~66

6 Fischer R A, Maurer O R. Crop temperature modification and yield potential in a dwarf spring wheat.
Crop Sci, 1976, 16:855~859

7 He Zhonghu, Rajaram S. Differential responses of bread wheat characters to high temperature. Eu-
phytica,1994,72.:197~203

8 Johnson R C, Kanemasu E T. Yield and development of winter wheat at elevated temperatures. Agro
J, 1983, 75:561~565

9 Smika D E, Shawcroft R W. Preliminary study using a wind tunnel to determine the effect of hot wind



38 7 B R bk K ¥ % # 1998 4F

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
27

28

29

30

on a wheat crop. Field Crops Research,1980, 3;: 129~135
Rahman M S, Wilson J H. Determination of spikelet number in wheat: I . Effect of varying tempera-
ture on ear development. Aust J Agric Res, 1978,29:459~467
Friend D J C. Ear length and spikelet number of wheat grown at different temperatures and light in-
tensities. Can ] Bot, 1965,43:345~353
Frank A B, Bauer A. Effects of air temperature and water stress on apex development in spring
wheat. Crop Sci. 1987,27:113~116 .
Tashiro J, Wardlaw I F. The response to high temperature shock and humidity changes prior to and
during the early stages of grain development in wheat. Aust J Pl Physiol , 1990, 17:551~561
Hashikawa K. Studies on the ripening of wheat: VI. The influence of temperature on endosperm for-
mation. Proc Crop Sci Soc Japan, 1962, 30:228~231
Wiegand C L, Cuellar ] A. Duration of grain filling and kernel weight of wheat as affected by temper-
ature. Crop Sci, 1981, 21:95~101 )
Wardlaw I F, et al. Factors limiting the rate of dry matter accumulation in the grain of wheat grown
at high temperatures. Aust J Pl Physiol,1980, 7:387~400
Wardlaw I F, et al. The tolerance of wheat to high temperatures during reproductive growth: 1.
Survey procedures and general response patterns; I. Grain development. Aust J Agric Res, 1989,
40:1~24
Bhullar S S, Jenner C F. Differential responses to high temperature of starch and nitrogen accumula-
tion in the grain of four cultivars of wheat. Aust J Pl Physio, 1985, 12:363~375
Ford M A, et al. Effects of variation in ear temperature on growth and yield of spring wheat. Ann
Appl Biol, 1976, 82:317~333
Dawson I A, Wardlaw I F. The tolerance of wheat to high temperatures during reproductive growth:
K. Booting to anthesis. Asut J Agric Res, 1989,40.:965~980
Spiertz ] H J. Grain growth and distribution of dry matter in the wheat plants as influenced by tem-
perature, light energy and ear size. Neth J Agric Sci,1974,22:207~220
Chowdhury S I, Wardlaw [ F. The effect of temperature on kernel development in cereals. Aust J
Agric Res, 1978, 29:205~223
Campbell C A, et al. Effect of nitrogen, temperature, growth stage, and duration of moisture stress
on yield components and protein content of Manitou spring wheat. Can J Pl Sci, 1981, 61:549~563
Solfield I, et al. Factors influencing the rate and duration of grain filling in wheat. Aust J Pl Physiol ,‘
1977, 4.785~797
Kolderup F. Effects of temperature, photoperiod, and light quantity on protein production in wheat
grains. J Sci Food and Agric,1975,26:583~592
EREFER. NEESHRESHMH. WM HTRHB AR, 1992
Blumenthal C S, et al. Seasonal changes in wheat-grain quality associated with high temperatures
during grain filling. Aust J Agric Res, 1991,42:21~30
Blumenthal C S, et al. Growth environment and wheat quality: the effect of heat stress on dough
properties and gluten proteins. J of Cereal Sci, 1993, 18:3~21
Randall P J, Moss H J. Some effects of temperature regime during grain filling on wheat quality.
Aust ] Agric Res, 1990, 41:603~617

Finney K F. Fryer H C. Effect on loaf volume of temperature during the fruiting period of wheat.



EIRR BmEmE. PERREFRARSRE (GFR) 39

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46
47

48

49

50
51

52

Agron J, 1958,50:28~34

Alexandrov V Y, Cytophysiological and cytoecological investigations of heat resistance of plant cells
toward the action of high and low temperature. Quart Rev Biol, 1964,39:35~77

Levitt J. Response of plants to environmental stresses. New York: Academic Press, 1980
McWiliams ] R. Adaptaion of plants to water and high temperature stress: summary and synthesis,
adaptation to high temperature stress. In: Turner J C, Kramer P J eds. Adaptation of plants to water
and high temperature stress. New York: John Wiley and Sons Inc. , 1980,444~447

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

Harding S A, et al. Photosynthetic decline from high temperature stress during maturation of wheat:
1. Interaction with senscence processes; 1. interaction with source and sink processes. Pl Physiol,
1990,92:. 648~658

Al-khatib K, Paulsen G M. Photosynthesis and productivity during high temperature stress of wheat
genotypes from major world regions. Crop Sci, 1990,30: 1127~1132

ERHLERBS. HYERETM. AR AREFHRE, 1979

HEWHE. RERMNEE/NEHHNERRR. LTERILBE,1983,(5): 8~9

Kuroyanagi T, Paulsen G M. Mediation of high-temperature injury by roots and shoots during repro-
duction growth of wheat. Plant Cell Environ,1988, 11; 517~523

Nielsen K F. Roots and root temperatures. In:Carson E W ed. The plant root and its environment.
Charlottesville: Univ Press of Virginia,1974

Rawson H M. High-temperature-tolerant wheat: a description of variation and a search for some limi-
tations to productivity. Field Crop Res, 1986,14: 197~212

Santarius K A. Sites of heat sensitivity in chloroplasts and differential in activation of cyclic and non-
cyclic photophosphorylation by heating. J Therm Biol, 1975, 1:101~107

Mashiringwani N A, Schweppenhauser M A. Phenotypic characters associated with yield adaptation
of wheat to a range of temperature condition. Field Crop Res, 1992,29:69~77

Sayed O H, et al. Photosythetic responses of different varieties of wheat to high temperature: 1. Ef-
fect of growth temperature on development and photosynthetic performance; 1. Effect of heat stress
on photosythetic electron transport. J of Experimental Botany, 1989,40(2) :625~638

Das P K. Developmental stability and thermosensitivity of different varieties of wheat. Nucleus,
1973, XM ;175~179

I HERER EERFE HFPF. LT RLHRAE, 1982

Shanahan ] F, et al. Membrane thermostability and heat tolerance of spring wheat. Crop Sci, 1990,
30(2): 247~251

Zivy M. Genetic variability for heat shock proteins in common wheat. Theor Appl Genet, 1987,74:
209~213

Krishan M et al. Heat shock protein synthesis and thermal tolerance in wheat. Pl Physiol, 1989,9:
140~145

4 B MERBHGHFSRHBEN. HYFH,1988,30(4): 388~395

ki, SR %, BIRBRS BRI A/NEM AR E KR, R RLKRFEFIR,1988, 19
(2): 55~58

BAAR%E. mEBHITMEARBERRBREENE®E. LILRFEHR,1993,8(3):33~37



40

B OE O£ b Kk ¥ % # 1998 4E

53

54

55
56

57

58

59

60

61

62

63

64

65
66

67

68

69

70

71
72

Shcherbakova A M, et al. Electrophoretic patterns and thermostability of some proteins from heat-
hardened wheat. J Therm Biol, 1982,7.:111~115

Lin T Y, Markhart A H. Temperature effects on mitchondria respiration in Phaseolus acutifolius and
Phaseolus vulgaris. Pl Physiol,1990,94:54~58

BRE BHEES. BREEX/NEBRIERIMHASAER. EYFHR, 1084 , 26(4) . 386~391
Weng J, Nguyen H T. Differences in the heat-shock response between thermotolerant and thermosus-
ceptibe cultivars of hexaploid wheat. Theor Appl Genet, 1992, 84:941~946

Sisodia N S, et al. Variability for high temperatures tolerance in wheat. In: Ramanujam S Editor.
Proceedings of the fifth international wheat genetics symposium. New Delhi, 1978,216~224

Porter D R, Nguyen H T. Genetic control of acquired high temperature tolerance in winter wheat.
Euphytica,1995,83:153~157

Moffatt ] M, et al. Wheat high temperature tolerance during reproductive growth: I . Evaluation by
chlorophyll fluoresence; E. Genetic analysis of chlorophyll fluorescence. Crop Sci, 1990,30;881~
889

#wmiE. PEMBERR. LRI KEHLEMRIC,1995

Blum A. Plant breeding for stress environments. Florida; CRC Press,1988, 79~98

Sun Q X, Quick J S. Chromosomal location of genes for heat tolerance in tetraploid wheat. Cereal
Research Communications, 1991,19(4): 431~437

BansE, PSSR R, 3 /N B Hope 40 MBI R0 B B 1R EE TR i Ju B (K B L. B 15 ,1996,18(4):
1~3

Porter D R, et al. Chormosomal location of genes controlling heat shock proteins in hexaploid wheat.
Theor Appl Genet,1989, 78:873~878

BRLE. MEFEREOTR: | . KEEASETESFEAXE. FYFHR,1984, 10(2): 137~143
BRWLE MNETFEEEMATRE. L. BERIEFEESEEEEERANES SN, EH¥MR, 1988,
14(4): 296~302

Midmore D J, et al. Wheat in tropical environments: I . Phasic development and spike size. Field
Crop Res,1982, 5:185~200

Midmore D J, et al. Field wheat in tropical environments: I. Crop growth and grain yield. Field
Crops Res,1984,8.207~227

Brucker P L, Frohberg R C. Stress tolerance and adaptation in spring wheat. Crop Sci, 1987, 27 31
~36

Ehdaie B, et al. Differential responses of landrace and improved spring wheat genotypes to stress en-
vironments. Crop Sci, 1988, 28:838~842

Chen H H, et al. Adaptability of crop plants to temperature stress. Crop Sci,1982,22:719~725
Saadalla M M, et al. Heat tolerance in winter wheat: 1. Hardening and genetic effects on membrane
thermostability; I. Membrane thermostability and field performance. Crop Sci, 1990, 30:1243~
1251



