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Effects of High Temperature Stress on Yield Components and Grain Quality
during Heading Stage
XIE Xiao-jin''*, LI Bing-bai', LI Ying-xue’, LI Hao-yu’, ZHAO Xiao-yan’, YANG Shen-bin’,
WANG Zhi-ming'

(1. Institute of Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China;

2. Colloge of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044)
Abstract: The effects of high temperature stress on yield components and grain quality of japonica rice Yangdao 6 and
japonica rice Nanjing 43 in plant growth chamber with two temperature treatments during heading stage were studied.
The results showed that brown rice rate, milled rice rate, head rice rate, number of grains per panicles, seed setting
rate, kernel weight, soluble sugar content and protein content in two rice varieties were lower, chalkiness rate and
chalkiness degree were higher. Moreover, the damage on yield components and grain quality in two rice varieties were
more serious with elevation of stress temperature and elongation of stress time. Index of heat sensitivity ( HIS) and the
damage degree for Nanjing 43 was higher than that for Yangdao 6 under the same high temperature stress. So the ca-
pacity of high temperature tolerance of Yangdao 6 was higher than Nanjing 43. The results could provide important the-
oretical evidence for revealing the damage mechanism on yield components and grain quality, selecting stronger heat
tolerance of rice cultivar.

Key words: Rice; Heading stage; High temperature stress; Yield components; Grain quality

RSB BERE ST KB EERAEN  SOREE 69.10% . & & HF5 & 3, K5 i
PLRIE H 2530t . R & WFoy R 00, K FEHhAE  JFAEIMI 36°C @i, SRR R S R R4S SR BT
WIHr2E 3d 35°C B9 IR, K FEAERIE JIRE 2 60. 60% , 45 W, LA WF98 349 3 B K A 4l B 46 300 38 38 R 7T 3

«  WekE B 1 .2009-12-14 “EINAEE o E-mail: bbli88@ 163. com
FEATH < EHRRH ST F PR A8 (2006BAD04B04 ) 5 VT 9848 R4 K 5 o5 S0 90 % P CIR 8UBE 4 (KLMEO705) 5 [ 8 H %R
Bl 0 4 7 4ER) 06 % 07 ] (40901238)
TEH WA %4 (1979 - ) Lo, LRV RN I A4 IR R 58 O 1) Al 38 R S R 2R A 25
E-mail;xxj_200210@ tom. com



- 412 -

S S

531 &

WAL AR E o T L2 AL, 5 304, SR B A, DA i fil 7=
T R H G T K RE b R T AR 8 R [ e I
3 A A B AE A B BF SE RE X A0 AR SR R
350D ST K R R AT R A TR v R
R RER A B AR AR R R A B ARSI DL KT
DL XK TE BUE = 1 R 6 5 5 RRE 43 i A
b, FR b A0 7R R X KR 7 A R A T ) 25
BREM B AEVRA T i U5 6 AS [R] K R i i 45 S RS
oK it B A 0 5 ML, Ay g — 2 SR BB 28800 e Uk ok
o e T 1 T B R KR 7 i R O A B K R

1 #M#R5FE

1.1 ##

IS T 2008 AF 7 VL I8 48 ARl Bl 2 B A7, 3
KFEE R R FT 6 5 (F MRIFS, 247 W12y 138d)
S 43 (R, 2R FE Y 160d) . 5 H 15 H
HHL,6 18 H B AR T B8 b (HRHR 19 BLAR O
30cm x20cm x 10em) , BEASL I 2 46, 548 6 7T, B X
20k, 420 45, HAUKIEE ., 6 5T 8 H 18
HIF G AR, m e 43 79 A 1 HIFRAhAE
1.2 HEA®E

T ok A K — BUR KRB A RXZ BN T
SAECIR B R4 b, 2E 4T 35°C 5 39°C & i AL B (B 5
FW K RERAE SR 4B I 1 8 35°C L b po v ek 43
SRS AT 45 9RFEAL, 5 35°C F139°C
VE Ay e T A B P 3R B ) A PR ARDRE M B R Tl 5%, N
TN BB IR IR DR 220 0. 5°C A RALFE 5h
(09: 00 —14: 00) , 2z J5 HUE = A5, o iR 2L i 18] 15 R
1d 3d.5d F1 7d, DL HARIREE 45040 T X B(CK)

1.3 NETH
1.3.1 fk/ma
25 A KRG RS HEAT ISR, % 58 0T I8 SR 45 Ak B

0 T R SR BR (B SOR N TR, T IE 4R 8L (In-
dex of heat sensitivity, HIS)

WEIRE = (W IR T RZE 0% - SR A T i 4

SEA) /H R R A5 S A

13,2 FEOR N T2 & B R A0 UR & 5

AR RS AT BEAT 25 B, 0 E K R R OK
OB KR LR E T R AL,
BRBE A 5 PR R BE K, RE K O R K R EE
A 5355 B R K FE R A B K B, 25 BR AR J5 R O A
KRG K ARG K BB RS A B Y T 00 s AR 4
FRAE DK Hh e S ORGSR (ORORE G B 3K 38 58 ORGSR -
BIRPERY 475 BLL B 3 BORKORL) | O K 5l 3
oK E o 5 A A E R T 203 AEOR K R AL 100
R, P A R KR, S 3Ry S POROR R SRR
Y E 4325 E ROk BEATLER 10 R (R /2 10 A7 3
SEAECO) KgAK  IEARER a2k H I T AR
BAKPRBCGE AR A 4338 R S AR P 2948,
(EVEASP I ASI PR ASE SR ASPNANIDE i
1.3.3 FEREHG T

T T 5 P R P R BRSO
A v A N R S R I AR M P8 S A 7 (NY 147 - 88)
g, 2R BTG E B e 4 A 5, 8 1 o & il o
LEEFLL 5. 95 FEATITE.
2 ZHRESW
2.1 HEHSEMEMNKErFEMREZNZE

M1 ] LA Y il 4 R 30 BRI T 45 R
6 5 5 43 [ R R SRR A SR TR E . A
X 45 528 ey 6T B BRSOk BORD TR EE Y 5 T AN
B S, G 30 R O 35°C  Ab B AR A 3d KL B, 5
X R B, 2 A KRR i ol %) &5 52 R 2% S 2GR B 3
B R 2 K P (p <0.05 3 p <0.01), f&IXS 2 MK

F1 FREABABURERMAFTERLER

e #RE 6 5 Tl 43
REERE () THE(y AR (%) HIS WRERE () THE(s %R (%) HIS
CK 180a 26. 54aA 95.51aA 172a 24.48aA 95. 40aA
35C 1d 176a 25.90aA 95. 14aA 0.0la 169a 24.13aA 92.49aA 0.03a
3d 169a 24.90bA 87.82bB 0.08a 166a 23. 10aA 85.03bA 0.11a
5d 151h 23.41bA 80. 79bB 0.15a 162a 22.48aA 80. 94bB 0.15a
7d 151b 19. 63bB 76.34cB 0.20a 137h 17.10¢B 63.36dD 0.34b
39 1d 168a 24.58bA 81.52bB 0.15a 163a 22.51aA 81.40bA 0.15a
3d 154b 18.07¢cB 68. 14cC 0.28a 146h 19. 49bB 74.50cC 0.22a
5d 149b 17.17¢B 50. 06dD 0. 48¢ 140b 15.71¢C 49.05¢E 0. 49b
7d 145h 10. 16¢C 19. 78¢E 0.79d 127¢ 4.34dD 13. 40fF 0. 86¢

E [/ — 81 o R — 5 B s A R R /NS P B4 S 3R 7R 72 0. 01 #110. 05 KF B2 RAR %, TR,



553 1

0 158 48 45 - el AR A0 o TR M 0 X 7 RS 7 A ol B 2R R Y

IS4
)2

I - 413 -

T i PR 25 SEAR S M FR A —E 2 7, A A8 6 S 7E
W3 IR E Sy 39°C Ak SRR ] S 1.3 .5 il 7d R4 5 %
AR RET 13.99 27,37 45.45 75. 73 AN E 4 05, 1
AR 43 7 Al R U) 0 30 R BE O 39°C A B[] Sy
1.3.5 Fl 7d B}, 45 52 2 43 5 F & 14.00, 20. 90,
46.35.82.00 I~ H 43, B ERREE £, AN, HEE
P 3 S [) F A2 A A B IR R I, 2 A KRR A Y
B R RORLEL 25 SR TR Y B RRAG. MBE R
BB, A [ U2 AR (W] s 8] 0 8 R 0 38 25 P8, R RE 43
IPCEFEBR R T A5 6 5, UL B RE 43 19 P2 5 2
ol S e AR R TR 6 5.

2.2 HMEHEEMBEXEAMNT KRN SRY

A

2.2.1 TR E AR AR

ol e 00 v 0 T 38 X 47 RS 6 B RN A 43 i T R
4 5% T 22 30K 35 °C 1 39°C T B o 38 B oK R RS oK
KRR KRG BAM LY R TFRHRAR(LE2).
Wi 5 Tl 30 ERF 0] ) S0E K R L 1 380, R R 1 R
DK R K RN RG DK 2R 383 W AR, R 3 4 AR
TR A AN, AR K R 88 6 5 AE 35°C
P S N TG 1 M N 2 | I = A L B O
3.66% 5. 89% , 1 i # 43 76 AH R 2 18 T Eo Xt BE 4y
BIRFET 3.78% F19.62% . {8 & W & Fh 4% b B 5] Y
B KR R K SR RS K R 22 R R A B B KO
AL DL SR R R A — R B b B ARAE K A9 i T

TS

B
)2

2 TEALEREKM NI RRIER LR

E #RE 6 % M 43
R A (% ) FRE(% ) BRAR(%) R A (% ) KR (%) BRIAR(%)
CK 79. 44 74. 81 69. 20 82. 88 79.12 78. 05
35C 1d 78.38 73.61 67. 87 82.74 79. 02 76.27
3d 76. 85 72.26 67.20 82.37 78. 83 75. 30
5d 76.53 71. 86 65.52 79.75 76.07 73.98
7d 74.76 70.29 64.92 74.90 71.43 70. 32
39 1d 76. 84 72.25 66. 10 81.68 71.70 74. 62
3d 74.76 68. 84 64. 44 76. 05 72.48 71.98
5d 72.28 67. 88 64.21 74.13 70. 08 69.13
7d 67. 60 62. 69 57.87 47.75 44.95 44.23
2.2.2 AMWLER BUAR AR BEKF

o AT B E A SRS AR T AT
DA Bl 25 26 1sf i) ) iE R 36 38 B A 3,
6 5 HIEAE 43 1S IR S RO G ik e, %t
P 5 ) 50 S R S AR — B, AE IR
H39°C A FREFE] N 7d BF 4 RE 6 S HIE A 43 T H
FROM M (OB 4y 9 AT ik F] 45.00% . 43.00% FiI
40.50% .36.50% R i Ft 45 kb B[] 2 5 3 K 5K 3]

50
0 #fE6'5 35°C ® #5665 39°C

40+ B HRi4335°C ©@ k43 39°C

30 N

s
N

\
N

R

XX

20

X

LEE (%)
204

R

R

o

I

VaS

Ix

o

SIS
LI
XX

5

5
JpIEIN IR CdD

B 1

EHE (%)

2.3 mEHTEMENKEERRRNZE

HiE 3 AT UL, SR b 47 8 6 5 il i Mo | 6
VEB FIEE BT i A T R RE 43 (CK) o il BRI i
AL TR, P R B RV P R TR R SRR AR
e, M ELBE VE R i S s O ELRE A 0 IR
P8 2 i R JB E ESF T 4 SEE S, T it R OR o P A
HEERERTRE L, SRR S8 ETHE 2
50

a#iE6s 35°C B E6S 39°C

40 b S HH4335C  REM4339C o

2Ve%%!
%%}

30

RSN
RRLEL

20

RS INSINN
120%6% %6 %%

x>

10

1SRN
RKS

JpIE IR Cd)

AEEBAKIIU R RIEIREER



- 414 -

S S

531 &

B A P 55, il R 0D e S T A TOUER s R
AR A R B W A N R . B AN B O 35°C  A4b PR 1d
(Mt et , ¥ A 6 5 BT i P Rs 4 13 5 & & 20 0l e
Xt B T 0.90 A1 0. 12 A1 40 o5 L BB B0 &
BT 0.67 AN 43 a5, T AR 43 /Y T PR RE A
JoE B o 43 500 He 6 BB AR T 0. 87 A1 0. 07 AN 4r A
ELEEVE R & BN T 0.89 AN 4 AR 39°C

AbFR T B (0 D) L 8 6 5 Ry AL IR R R A
JoT 2 R 43 ) HE XS BB AR T 6. 40 F1 0. 32 A 4 A
ELEEVE R & BRI T 2. 50 AN 2 L, TS RE 43 1
AR AR B o) B X IR AR T 3,76 Al
0.25 A7 i VEEEVEA SR T 4.33 M E
Ko AT UL b RE AU e R AR — E R b2 B AR A K
B T 5

x3 ATRELEKEEARRIERLER

s 168 A 43
AR (%) PREREM AR (%) ERABGE (%) ARG R (%) HERER SR (%) EARE (%)
CK 9.28a 18.08d 1.90a 6.42a 17.10¢ 1.70a
35C 1d 8.38b 18.75¢ 1.78b 5.55b 17.99b 1.63b
3d 8. 14b 19.42b 1.78b 4.95b 18.48b 1.61b
5d 7.90b 19.95b 1.70b 3.93¢ 18. 84b 1.59b
7d 7. 11c 20.02a 1.70b 3.21d 19.11b 1. 54b
39C 1d 7.96b 19.78b 1.73b 4.46b 18.85b 1.61b
3d 6.13d 20.01a 1.68b 3.6lc 20. 44a 1.57b
5d 4.08e 20.31a 1.61b 3.20d 20. 46a 1.52b
7d 2.88f 20. 58a 1.58b 2. 66e 21.43a 1.45b

3 &St

R ) AN M B T BT 6 555
A3 () B R ORI R B SR TR VR OK R RO R
FIEEHRE KA I T ROR B R AL 3 . If R
i 300 3 £ B g R 3 O R ) S T o
T it SR SR A T SR T I o AR T A SR
X A R K U A D X T AR PR DA KA il R T
AEIPRAE 1 © R AR , IR OF B0 5 BUUAE
BAE HSECT AR MR, S ORI 2, 45 SRR AR
BT A 7 T8, 5 00 BRAH LE, 4 8 6 5 15 B AE 43 1Y
LR A AR AR T B A T A TR
R AR B BT IF HLREE Do 5 A 3
TR [ F) S, 2 A 7K RS il o 14 L 0 5 R L
Th MIET 2 AR bR SR T . ELEETE AR S iR P E 2R
AREWMRLS W EREENNENRZ —, A K
FERM B TR S R KR L BN OB
2%, I HELHEE B & A2 i ORI 3 T B IR A
1 AL L O DR D R R A W A
TG . H R R AR AR K i (9 ELBE T AR 2 12 N2 K R
i JSUE A B F AR 2 — o DR Al AR e R
T KA BB 5

AR T A AL S e T P KR AL P
TR IR A S 5 H BRI BR AR AL R A
S i R 32 OB AR 5 ORI RS A il RE DT
A 38 T ROk e T A 2B E

ZEUEWTT ORI AL 10 5 0 IR £ SR A
RN E AL AOR R T R, XS AR ORI
GERBEAR—FE HEXTROKRM B, BN E £
B v F 9 SR 45 S0 TR O e R AT R S
AR ORI Tl SRR ) 5 S o A 2 DD AT O T
FEIE TN H IR AE 26°C DL B 2 R oK B T SR
e, ELEE 00 A [5] 9 7K e it i R K ity Tt A 0 T 300 H
Tk DA B R 52 T s E 2 ST A R AR 39 IR
WK R AL R 1 S T, D BIE 5 Sl BT A6 400 e il
X R R il JBCSE W ) LG A/ o AT T Ok B A BE T AE
e L B AR 4 R 6 5 S R RE 43 A RS OR R S, OF:
Lt Pl 0 32 A 2 v 5 30 I (] 9 S A, 2 S OK
JT et W B2 IO, 35 VR 22 08 SR 00 v i I 3 A F S 46
RAREL

T35, AT FE 45 2R Al A T AN [ KR
Foft 4 77 4 R EE 2R R BT R W R R A P 25
AR BT 5 B RN A AT TR il EE T8 T, A 6
(0 R 5 RS /N TR BE 43, T 76 6 5 107 1 M i 22
ENN)| MW SV R i R S YV R
JER S T RIRE 43, 3R WA 6 S il =l s 0w T
FIRE 43 PRI, 5 ot B4 P 7 RS O ol ) B T, X e
AT IBOK A 0 28 4o 7= FRRE A AT 2 o

8 % 30k
[1)F e 2% AR, £ 7%, 55 B RS EAE 6 5 X5 4L 1 45
SR AE R RRL [T b [ K R B2, 2007,21(5)



553 1

0 I8 48 55 - el AR A0 v U Pl 30 X K RS 7 A R 2R R B ) 5 W © 415 -

518-524.

[2]Yao F M,Xu Y L,Lin E D,et al. Assessing the impacts of cli-
mate change on rice yields in the main rice areas of China
[1]. Climatic Change,2007,80(3) :395-409.

(3188w, SR, B PR AR, 45 b Bl 30 vy 3R X 7K A 77 4 4
BRI K it JBT 14 5% 0 B FEHE R B 2 S [T ] VLo ARl 2 4k
2005,21(4) :249-254.

[4 88T el A XK R 45 58 2 T B A= = s [ J].
R 2 BE ek ,2003 ,18 (1) :13-16.

[S]M4, FLLUR , PR BR AR . 5 25 S 01O ) i Bl JBE X 7K et 25
SLERK AR [T]. B E KRR, 2007,21 (4)
396-402.

[6 1Ml B , o 2 R, 45 g I Mol 380 X 7K e o I 45 S JB
BRVOL BUE M ETE I FBE AR S T[] AEY 7
1% ,2008,34(9) :1662-1666.

(7 ]5RAETE MRS 2, TR A, 55 8 3 T 38 X0 7K A 46 % B ™
AL I B R R OK W BT e [T ] 0 R Rl KA s A
(H AR ) ,2007,33(2) :132-135.

(8]Z G4 MY EI AL A ARIM] . L5 mEH
A AR 4t ,2000:134-261.

[9]Reddy K R,Subramanian R,Zakiuddin S A, et al. Viscoelastic
properties of rice-flour paste and their relationship to amylase
content and rice quality[ J]. Cereal Chem. ,1994,71(6) :548-
552.

[10] Varavinit S, Shobsngob S, Warunee V. Effect of amylase con-

tent on gelatinization, rerogradation and pasting properties of

flours from different cultivars of Thai rice[ J]. Starch/Starke,

2003,55(9) :410-415.

(U1 ] it tss , 5k /N I o ko6, 45 4 8 2 D T30 200 Al 35
[ AR AL B e JE MY & M 22 S M [T ], b B KR A,
2007,21(4) :391-395.

[12 ]2y A8 /NG, 3K, % YLD JRUIE 50 4F b A 42 1)
EFEESERE KL AH]]. ERLAZR,2007,28
(1).5-8.

[ 13 ]35I 4 , 2540, o XA, 55 iR P38 X 48 6 5 82k
PR R [T]. b ROl <5 ,2009,30( 1) :84-87.

[14)5RME, By 28 KR AR, 55 . KR IT 46 101 46 453 3 J i 5 5
xR B WA N KR AE [T ]. AR B %% dik, 2007, 33 (7))
1177-1181.

[15] Matsui T, Omasa K, Horie T. High temperature at flowering
inhibits swelling of pollen grains, a driving force for thecae
dehiscence in rice ( Oryza sativa L.) [J]. Plant Production
Science ,2000, (3) :430-434.

(16 ] I5e 4 , Y UAN , 22 S Ar, 2. il R 30 o 3R W 300 6 7K 7 O
EEInsEm [ T]. hE RS 4 ,2009,30(2) :252-256.

(174 IE0) , Wi, B or , 2. M SR 2S00 dEL B 0T 7K A A s 3
oy B OGS T O P K SR R e [T b B K R R4,
2005,19(4) :377-380.

(18 ]R30 Ty R F oK A1 WL & SO0 1 3 25 748 Al WL X 4 52
WE A A sz [T]. AR R W36 K% %41, 2000, (3) :75-80.

[ 19 ]Toshio T. Relation between mean air temperature during rip-
ening period of rice and amylographic characteristics or cook-

ing quality[ J]. Japan Crop Science,1999 ,68(1) :45-49.

3333 Y3 Y3 Yo Y Y e e e e e 3e Y3 Y3 23 23 3 Y3 Yo e e Y e e e e e Yae Y3 Y3 Y3 Y3 3 3 Y3 Yo Woe W e e e e e e Wae Wae W3 W3 W23 Y3

(k&g 410 7)

(B1Z&&HMH, TXNE, BEE, % LRE N EESHNH LR
BHEEREER REWUG S0 [T]. Rl TR,
2002,18(3) :68-71.

(4] E L, TER, B X4, 5. B GRS W 68 5% 4 0 % #
[J]. nf FA: RB YR , 2003, (4) :14-16.

(5]BRuA. PETEMHCEEERSHAEIRERLI]. K
A TR 24,1994 ,10(1) :123-129.

(6] 171, B H A RBIZE. b Uit X H G IR % R 6 & & #ot
REMIR SR BT [J] . BRPE A 2 41,2008 ,54(4) :61-64.
[7]E38, #kF. ARKRAT MRS AT H AR [T]. %

gl BL2 2009 ,37(21) :10245-10246,10249.

[8]F BRI ATHEEGR. A M]. b gt o B A5 Tl s p AL,
2001 :2-6.

(9] 4 b, SRk 45 75 20 At st X H OB IR = 595 68 4 kL
PR KRBT [T]. AL TF5E, 2007, (8) :17-21.

[10])gRRI%:, K. HORIEE PE %0 B B 7K £/ 38 B 1 BF w1

APEREMIR[T]. ARlk T 244 ,2005,21(1) :128-131.

(U)K, BB, FE 4k, JLF HOGIR 2 & 4 4R o 4 1
PERE AT [T ] . 4lk TR ,1999,15(2) :168-171.

[R]THR,&ELF. PRSI S@EEIM]. H L TR
FH B 2003 :49-52.

[ 13 )44 [ 2T, David M. Christopher. 55 f b1 BL X5 H 6 I 2% 6 &
B A CFD B[ J]. Al TR %42 ,2009,25(3) :
153-157.

(141014, TR A XK TR, 45, H % i %8 5% 0k £ T 35 $0E: g
RS T[] 11 5850 2 2 4 (Al B} £ Bl ) ,2008 ,26
(5) :449-453.

[15) F 2 AR, sk, % L hib X HOtRE I & 4%
TS A B AR BB AT (D] L5 R 25,2008, (7) :113-115.
[16] L, b= S5 40, 2. H IR 5 5% 1 7 o] Ak & 3
B RRE RPN BT ()] 130l K2 2E )

(AR B7) ,2008 ,26(5) :411-415.

(175K 5725 AR WIEL, Sh R, 5. H G IR 2 37 SR 4 45 # i

SMTLT]. PR BEAR L K 2% 44 42 ,2006,37(3) :459-462.



