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Physiological Responses of Heat-tolerant Variety Nagina 22 to High
Temperature Stress in Rice( Oryza sativa L. )

RANG Zhong-wen ,ZHOU Qing-ming
(College of Agronomy ,Hunan Agricultural University ,Changsha 410128)

Abstract ; Greenhouse pot experiments were carried out to study the main physiological responses of heat-toler-
ant variety Nagina 22 ( N22 ) under high temperature ( HT') stress during flowering period ,indoor growth chamber was
used for the HT conditions for all tested varieties. The results show that; under HT stress, the flowering stage of
N22 did not change but the daily flowering amount of spikelet manifested the peak-lag; anther dehiscence blocked
and germinated pollen on the stigma reduced with a significant level (P <0. 05)in heat sensitive variety Moroberek-
an compared with the N22 ; there was a significant relationship between the number of germinated pollen on the stig-
ma and anther dehiscence ,and then showed a strong relationship between seed-setting and the number of germinated
pollen on the stigma; main tiller seed-setting was decreasing under HT, and the decline-rate significantly speeded
up in Moroberekan compared with N22 |indicating the true tolerance of N22 and the cumulative effect of HT stress
on seed-setting, moreover, HT stress effect occurred before pollination.
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Fig.1 Effect of high temperature stress on days of anthesis
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Fig. 3 Anther dehiscence index and number of germinated pollen on the stigma under high temperature stress
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capital , lowercase letters denote the multiple comparisons of anther dehiscence index and number of germinated pollen, a =0. 05
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Fig. 2 Daily flowering capacity of main-tiller during

anthesis under high temperature stress
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Fig. 4 Effect of high temperature on daily spikelet

fertility on rice genotype

2.3.2 HEZER NERE RS R IR
mn P R A TR A H S5 SR (PRid REON ) Bk
Bf (]2 20 R (ELJR: b ol ) ) H 45 52 38R R 26
AR (B S) i #55 Fh N22-03911 il N22-19379,
JEAR S A Moroberekan , H 45 52 R R [ 3 R 4 5 A
22.8% (y= -22.802x + 111.63,R* =0.9751,P <
0.01),16.6% (y = - 16.637x + 94.705, R* =
0.9779,P < 0.01) Fl 47.2% (y = — 47.155x +
128.95,R* =0.842,P <0.01) . X Tl /=5 vk &t A i
5, FOrEERE H 25 SRR bRIC Y A 4 RAG IR —E
FIE I, TR Fl Moroberekan , 76 JBirE AL 2 7 265 1
RILHEEICROZ B E 0, A 2 RILH 25
SEARELA N O, VA 7K e it Aol ) v Ak Folp 2 i 4 1) 25
So 93— T T e ek ot 5 v Uk ot el 7R A 12 )
— R HEE SR 2 25 5 T AR e 5 1 K
BN 4 KA AR H 4550380 22 B D 40N B
o T 7K AR 6 S 3 1 52 M) EL AT SR RN Jiip i Ak B
B[] R | ol ) 45 S0 23R 2 S b/ |

>80 ™
2 % m N22- 03911
§ o 60

2 & O N22- 19379

B 40

> % A Moroberekan

=]

T 204 @

= X

®

2 0 T T T lﬁ—\

1 2 3 4
d

The day of marking
5 BEXMKEEELIENZIN
Fig. 5 Effect of high temperature on daily spikelet

fertility on rice

3 i

IKFERT v et e SRR N S A AR AR AR
7.8 A, T E R 5 KA 4 e DX e i R B R
1R, TR ], X it el XK A (an v R AR ) A=
7 AR R A AR R R R A
A i DX ZKORE A 7 [ 32 T il DR 5 i) B
PRI, i v KR R ARG v i b3t e | 343 1o
KRR TS v it it A R 28 0 e TR R AR e 22
B n i AR 8y — b g FH SR AT B, XA
AR A BR S TR R I S R T — R O
N AKX v U 4 00 7 53y i A L SRE A | A
A LK R BB A8 7E IR TRLRE 25 18 N 3 58 U AE 5%
SEAEFFAE A KA TFAE , BT A AL IS, M
EETF AR R S O 5 A 2 5 R R R TR
H 3k AR GRS R A2 S R m iR A
b B RE MU K R ALV, W AE B ] R sl
PEFCRPL G S (AR I BIF 5T 26 B T v 5
EERAIE 22 (B] AE AR X ST 58— 10 OGBS
Nagina 22 7 i i Ab B 5 /R 2l 25 FF 46 391 B 8] B4 1% Bl
AT H O S 0 A 0 P g U T JRREA
FEQRIE H -G 1 (FRIC KRB MG BT B FF AL
I3 BT e, BT SRR 1 1 D) — T
T, 38 o0 32 3 BERE H 45 SR A R, i T H 45
S8 B RN 2 40 T B N SR 5 1A JE S
TEIAHEBAS A T 45 S 3R T B, PR B T P =2 [ 11
XL RFR MAP, BE SR H 45 50 R W i
o300 Xk 7K A B 8 5 e B SRR, BT — R Y
Fe R i — R B LR BT AL 1 /NI B 1, X
b —SEY hTEFFAEIA /N TF s w3 ™ E 5 e 4 51
AL R AN e T K R T A 3% e i Jly
T e 1o AL TR 104 52 e AR Bk

TFAEWIA IR R = T 35°C# s 1h sEAEA S84
RE HE B R T R AR Y I K
R , A6 25 240 JLBR 5l ™ B 5 i 46 245 1 24 K
H53 , DT 50 T8 5205 T AS B8 1E 45 55, 38 W= s f
R, ARG s AL R R b aa K RS AL 25T
SLZPH Sk B R A B R BRI (181 3) A6k
7 KB A2 T 2R 1 S W B 25 A DG O R T AR
PEANR] A 7K A it B o L R T B AR R Wi i B
DA, FREEE S AE 35 25 57, Ml EREAE 90 5
HESk L AERY I & At BB R A R

AT RW, BEEAE 41 ~45°C B RIR T, A
Se FAEBHMIBREIE B 8 & 5 ) B B iR e A



6 11 FE R SCAR < iR AOK A it B Nagina 22 il Biae & A9 2 SR S

1049

SR by i A RO D T RE R T B Hi AL BT T
C&ZH| TR0, X 5 AT 45 R w8 nY 2
PUSON LA — B, AP R R, ERA H 45
SCRTE R T RSB S — O I T R a
XFE PR REBE, 53— 7 T ik — AR T A AL
IV 9 R A AR 22 w2 i LR SO R & AR
bl BE St TR AT T E 22 B T
e

ZE LT i = KRS R Nagina 22 76 (= i
PR RIS HBETE O B Y O R
AR 5 I AR R B 1 AE 24 T 2K R
ORI N/ S N i T o O =R =W v 2
I ZRIR 2P AS [R] 14 A e 3 AL ], — & T AE 4 A
[(URSRIESERORIA RV AL A 5 i X o2 di =1
TRATAELGTF2HMEIVE A . 2T m iR A el 52 i A4
TEPESAE 2 B TF LR B A S N TE 1A DG A A= R
FEAIL 45 7] R R — ISR

[1]  IPCC. Intergovenmental Panel on Climate Change. Fourth As-
sessment Report of the intergovernmental Panel on Climate
Change; The Impacts, adaptation and vulberability [ R]. Cam-
bridge University Press, United Kingdom and New York, NY,
USA,2007

[2] Hall A E. Crop Responses to Enviroment[ M]. CRC Press LLCm
Boca Raton, Florida,2001

[3] Matsui T,Omasa,K J. Rice( Oryza sativa L. ) Cultivars Tolerance
to High Temperature at Flowering: Anther Characteristics[ J].
Annu Bot,2002,89 ;. 683-687

[4] Matsui T, Kobayasi K, Kagata H, et al. Correlation between via-
bility of pollination and length of basal dehiscence of the theca in
rice under a Hot-and-Humid condition [ J ]. Plant Prod Sci,
2005,8(2): 109-114

[5]  Taylor L P,Hepler P K. Pollen germination and tube growth[ J].
Annu Rev Plant Physiol Plant Mol Biol ,1997,48; 461-491

[6]  Jagadish S V K, Craufurd P Q, Wheeler T R. High temperature
stress and spikelet fertility in rice [ J]. J Exp Bot, 2007, 58
1627-1635

[7] Horie T, Matsui T, Nakagawa H, et al. Effect of elevated CO, and

[14]

[15]

[16]

[17]

[18]

[19]

blobal climate change on rice yield in Japan[ M ]//Omasa K, Kai
K, Taoda H, Uchijima Z, Yoshino M, eds Clinate change and
plants in east Aisa Tokyo,1996: 39-56

Mackill D J, Coffman W R, Rutger J] N. Pollen shedding and
combining ability for high temperature tolerance in rice[ J]. Crop
Sci, 1982,22; 730-733.

Matsui T, Omasa K, Horie T. High temperature-induced spikelet
sterility of japonica rice at flowering in relation to air tempera-
ture , humidity and wind velocity conditions[ J]. Jpn J Crop Sci,
1997,66(3) ; 449-455

Satake T, Yoshida S. High temperature-induced sterility in indica
rice at flowering[ J]. Jpn J Crop Sci, 1978 ,47; 6-10

Zhang Z S,Lu Y G,Feng,] H,et al. Studies on the Anther De-
hiscence in F, of Hybrids between Taichung 65 and Its F, Pollen
Sterility Near Isogenic Lines[ J]. J Trop Subtrop Bot, 2004, 12
(6):521-527

Jagadish S V K, Craufurd P Q, Wheeler T R. High temperature
stress and spikelet fertility in rice ( Oryza sativa L. ) [J]. J Exp
Bot ,2007,58(7) : 1627-1635

Matsui T, Omasa K, Horie T. High temperature at Flowering In-
hibits Swelling of Pollen Grains,a Driving Force for Thecae De-
hiscence in Rice( Oryza sativa L. ) [J]. Plant Prod Sci,2000,3
(4):430-434

Jagadish S V K, Craufurd P Q, Wheeler T R. Phenotyping parents
of mapping populations of rice( Oryza sativa L. ) for heat tolerance
during anthesis[ J]. Crop Sci ,2008,48; 1140-1146

Prasad P 'V V,Boote K J,Jr L H A, et al. Species, ecotype and
cultivar differences in spikelet fertility and harvest index of rice in
response to high temperature stress[ J]. Field Crop Res,2006,
95: 398-411

Yoshida S. High temperature stress in rice[ M]. IRRI Research
Paper Series International Rice Research Institute, Los Banos,
Philippines, 1981 ,67

Jagadish S V K, Muthurajan R, Oane R, et al. Physiological and
Proteomic approaches to address heat tolerance during anthesis in
rice( Oryza sativa L. ) [J]. J Exp Bot,2010,61(1) ; 143-156
Rang Z W, Jagadish S V K,Zhou Q M, et al. Effect of high tem-
perature and water stress on pollen germination and spikelet fer-
Exp Bot,2011,70(1) : 58-65

Matsui T, Omasa K. Rice ( Oryza sativa L. ) cultivars tolerant to

tility in rice[ J]. Environ
high temperature at flowering: anther characteristics [ J]. Ann
Bot,2002,89 ; 683-687

Matsui T,Omasa K,Horie T. Mechanism of anther dehiscence in
rice( Oryza sativa L. ) [J]. Ann Bot,1999,84 . 501-506
Nishiyama I. Interspecific cross-incompatibility system in the ge-

nus[ J] Avena J Plant Res ,1984,97(2) : 219-231



	植物遗传2012年6期_部分131
	植物遗传2012年6期_部分132
	植物遗传2012年6期_部分133
	植物遗传2012年6期_部分134
	植物遗传2012年6期_部分135

