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Abstract: To ascertain the effect of high temperature stress on the physiological characteristics of rice spikelet at flow-
ing stage. wild type Zhonghua 11(ZH11) and its heat-resistant mutant (hst) were exposed to heat stress (40°C ,6 h per
day) for 7 days in growth chambers. The results showed that under heat stress the chlorophyll content in flag leaf, sol-
uble protein and soluble sugar contents in spikelet of rice decreased obviously with lower decline in the mutant hst com-
pared to the wild type ZH11. While malonyldialdehyde (MDA) , hydrogen peroxide(H, O, ) and free proline contents in
spikelets increased significantly with greater increase in wild type ZH11 than in the mutant hst. Superoxide dismutase
(SOD), catalase (CAT) and peroxidase(POD) activities showed different responses to high temperature stress, and
the correlation between the enzyme activities and the thermal sensitivity would be further investigated. Under high tem-
perature stress, higher photosynthesis efficiency, better osmotic adjustment ability as well as lower MDA and H, O,
content of spikelets in the mutant could be the physiological basis of high temperature tolerance.
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ZH11-T, Wild type under high temperature stress; hst-T, Mutant
under high temperature stress; ZH11-CK, Wild type under natural
condition; hst-CK, Mutant under natural condition; All data are
mean=standard deviation; n=30; The same letter indicates no sig-
nificant difference at 0.05 significant level. The same below.
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Fig. 1. Effect of high temperature stress on the fertilized rate of spike-

lets at the flowering stage.
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Table 1. Effect of high temperature stress on rice seed-setting rate,1000-grain weight and yield per plant.

5530 &5 6 W1 (2016 4E 11 )

TR

o B SR AR

HBR T

" o , , , , SO 35
1000-grain Grain number Yield per Seed-setting
Line Treatment HSI/ %
weight/g per panicle plant/g rate/ %
H14¢ 11 Zhonghua 11 i CK 23.9240.02 ¢ 48.6+5.6 a 20.94+1.34 b 68.1£9.5 a 80.24
=i T 26.4140.07 a 10.04+2.5 ¢ 4.80+£0.48 d 13.4+2.9 ¢
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miE T 24.1940.09 b 27.1+3.7b 13.794+0.99 ¢ 38.4+4.8 b

CK—idilils T— i, N 25508 =R K/ SR EOC100 06 s BVBUR S K CHSD = Gl i £5 58 3 — 81 il 45 55 ) /3 il 25 52 % X 1000 5
F P BRI AR UERE 50 =30, [l —F AR R IR 22 R 5K 0.05 BEKFE, TR,

CK, Natural condition; T, High temperature condition; Seed-setting rate( %)= Full grain number/Total grain number X 100% ; Heat sen-

sitivity index(HSI) = (Seed-setting rate under natural condition — seed-setting rate under high temperature condition) / seed-setting rate un-

der natural condition X 100% ; All data are mean =+ standard deviation; n =30; The same letter in the same column indicates no significant

difference at 0.05 significant level. The same below.
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Fig. 2. Effect of high temperature stress on chlorophyll content in flag

leaf of rice at the flowering stage.
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Fig. 3. Effect of high temperature stress on soluble protein content in

spikelets of rice at the flowering stage.
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Fig.4. Effect of high temperature stress on soluble sugar content in

spikelets of rice at the flowering stage.
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Fig. 5. Effect of high temperature stress on free proline content in

spikelets of rice at the flowering stage.
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Fig. 6. Effect of high temperature stress on SOD activity in spikelets of

rice at the flowering stage.
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Fig. 7. Effect of high temperature stress on POD activity in spikelets of

rice at the flowering stage.
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Fig. 8. Effect of high temperature stress on CAT activity in spikelets of

rice at the flowering stage.
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Fig. 9. Effect of high temperature stress on H, O, content in spikelets of

rice at the flowering stage.
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Fig. 10. Effect of high temperature stress on MDA content in spikelets

of rice at the flowering stage.

FR i o AR . T 10 A3 BT AT R R AR AR
FE o il B8 B AR R R AR 11 AL R MDA 5
BETE L1 dJEERAM X5 AR hse 520
AU . RASK hse FAEH MDA BUR B TR =
it 3 400 1] 4 0 G T AR A e AR 1

3 e

TR KA KW EREN 22—\
IR i R R KR AR K R K
IKREIEWI AL 28 B 0 F M AL 28 B 2 5 KR ™ 5
REEVINASE EWIE® & F &K
KA, KAFAEI H 200 T = S BUMNEAN T R
U HS H s iR R O R B Y AR
S5 RUA L A0 v IR a0 B AR T ROK RS S R
FERESTRIR, bR R A R E S RSN EE
SEUU Liao 0 M 78 45 B AL, AE S TR P aa
T S AERIRAE 11 AL, RARR hse A H m
RERESORLEL PR R S R X R E 11
FLOEASR hse A8 T $AH J7 T A7 7 B 35 25 L AR AR
hst A TSR R E ., SR T 2K s %
KR T AR AL 11,3 5 H S St R K i
TR ARIpAE 11 (93— 20, U0 B & R P38 T 7K A
TRAEZ NG Z B, B8O EE SR S Rk = i T
W, A, A6 3 R G0 X S AR AR s B TR EE Y
Map 5 /0 o T4 v 1 B A v e 11 TR B
MUHLE A Ff itk — 5T

2t R B ik B AP 5 0N O 2 O B A G T
W 3 M T ) R R BRI R AR A UK

643

A i 2R B @ Ik ik 2o 2R T T B O R AR T
REZE 45 A0 A o DG A AU TR, R
AR AT A S A A e L T P Y AR AR . AR
ZERLNR  E R T PUOKAR SR S rh g R Y
T B REAIG, B AR RSP AR 11 G b K Rt R
TRASM hse  F W] L P38 X FEAL A hse KA &1 0
JeE R TR 52 iR A AR B AR 11 /D il T AR A
hst BEZEST HH AT B i 19 06 45 98 B2 . AT PR AIE 1 It kF
KL FEIE BIOE G = I B A

FIEE SR A By 52 B0 I8 A 5 2 — b
PO S 1 R Y W I, R DU O A
WOV RHE AR AT TR T A £ AR R R A o
JRE R B AR E M e IR R AT VA R R R T AR
JE LT KR R 2R R, D Bk S
Wep ARG G T 3 5 ik L AR 0 K B, DT 4 <5 24
i RS D A B A A R P A R AT Y
e TN KR S it A BRI e B e i T &
SRIREaR S W e o - S =R A R O PR S
5 7% v ek 3 5 O K R i R AL TPl
FIAT I PERE 5 i R R HLRARAR hse BEBR /N T
BPA R AR 11, i A R A R L K A AR
56 o AT 5 i AR 508 1B T B Lk R A K o B S R
JEU A= AT DR A S AE T R 5 A 30 355
R B N ARAATAFAE A R . A — LB TE A
IS 0 T R A AR O B R S T s 3 AT e T
ot TS T ST O TR O S X i TR 1Y S
B P U AR, R EUH AR T 2T m . WA
PR R St AT AR A W BT M Y — DR AR . AT
FUAE AW BAE v Ui 8 R & A e iR Ak B )
W 5 Tk i T SRR hose U S M R
Fom TE AR 11, AT Al R
TR R U A R A A B T A A 2 M
BARBE 1KV 38 5 T 5 7K RE T L DR 47 i 2R AR
DA o5 3l B 09 £ 3 . vl R AR st BUAE
BAEZWBER Y5, W R & 7 kA EY
FEEOR 37 RE T o BE DR A5 5 25 4 B D) BE 1) R X A2 5 1 & Dk
AR AN L DT DR R i 6 K R B AE Y 1
FLIER TR AZ R 0 B RE

MDA 1524 I8 5 i %8 A6 2 B2 19 45 A, 2 i ot
S — Bl L P ARBIESE o e I I S B
FUAE AR L A AR R, MDA & 57, X 5 5K
S IR Y — B, SRR hse AL, @ IRT
BpA R AE 11 FAE R R T 5 £ 1) MDA, MDA



Kb 5 R 145 A 1 B2 R R A T R e 2k L
FEESZ5 PR N K 5 FL i BT A2, DTG 5% 1) 810 40 2 1 A A P
AAEHLEE . H. O, JE A7 P A b 7 A 1) — i Sk
Yy, LA B 4 B ELAT S AR IR AR T AE B 3
ARG A AR Ik L ok T A SUR B IR AR . AR B 5T
S5 R, R W AR K hse FAET Ho O,
R AR 11 WE T IR H O, fE B2
BB S IR 7 0T fiok 2 A8 40 40 i s 3 A R AR 0 BL
il 77 A R A SR A R B R B R AR N i 2 Y T
P S DB FIUAE 32 B 1) S Ak e 3 (P B 5 1 36 B (] 4E
K FE A ARG R R L H O, B B it
STt AL AZ B A 5 AR AN W n i B A
ZHI11 RS hst FRR T 2/ H, O, , i H A
1652 3 7 5 R A AR A .

SOD.POD 1 CAT J& il /2 1% 14 42078 bk & 48 1)
F2 B AT R 7 L B g ARk e A A R Y
475 36 RV AIE 2 R4 3 AT AR L S T 1 il X 7K
R T A6 39 v R 0 36 1 S g A T R ) AR o 4 2R
SR R R T KRR S R AR T SOD 6 P B B 3a )
) F4 2 K FR 22 R R L i POD FI CAT 1% 7 & 56 T
i FRER S POD GRS 5 d 5k K
fH,CAT WG48 3 d Je ik e R, B R 2 &R
JihiE N MDA K H, O, &t i = FEG 5 i BEAIT
Ut B v T A 2 055 KRS B R O M R 2 B
J 3 S 1 A S it o826 4 TS 45 4 ) A I RN ) g 1Y
T2, ™ 5 ) KR A 1 2 BRAR O L 3 PTG IR
Jiir 38 BOK RS PAE Y AR R A

DL AR SE s R I, i B 38 R K R S i rh 4
FeRRE ML B E R BAE h R FF B Z 1B B
W5 B B 19 MDA #il H, O, & &, (15 K A8 46 28 B
FLA B 1975 5 8 5 58 1 A1 AR W RS AR 4 BE 0. DTG
TRUE T IEH B0 2 A 7 L 455 T I 45 50 %,
IX T BB SR 5 AR A R T 0 A PR, B e A A
PRI fe ek Jlh 300 9080 9 3 B o ke ¥ VR L 8 T B R
T T B T IR AWEGE

S E LW

[1] Pachauri R K. Climate change 2007. Synthesis report, Contri-
bution of Working Groups I, II and III to the fourth assess-
ment report. 2008.

[2] Wang SW, Ye] L. Analysis of global warming during the last
one hundred years. Sci Atmos Sin, 1995, 19(5): 545-553.

[3] PensSB,Huang J L,Sheehy J E,et al.Rice yields decline with
high temperature from global warming. PNAS, 2004, 101

1 [# K FERF 2% (Chin J Rice Sci)

[4]

L6]

L7]

(8]

9]

[10]

[11]

[12]

[13]

2530 &5 6 (2016 4 11 AD

(27): 9971-9975.
FIHEHE REREOR G KA. KRR HAR. KE. FHk
AR A IR ST 2 A 3 MOBHSA R it . 2008 56-57.
The education system in Jilin Province by science and technolo-
gy expert group. Rice Cultivation Technology. Changchun: Ji-
lin publishing Refco Group Ltd, Jilin Science and Technology
Press, 2008: 56-57. (in Chinese)
2R o N 2 0 B R N R NS B s o T 1V S R S R 8
ZBE, 2014,
Qu A L. Genetic analysis of the rice(Oryz sativa 1.. ) high tol-
erance mutant during anthesis. Hangzhou: China Jiliang Uni-
versity, 2014, (in Chinese with English abstract)
R, KEE, BT, . K ERIR R KRS #5AE
B PEITHLBEAT 5. DK REBLSE . 2015, 29(6) : 637-647.
Fu G F, Zhang C X, Yang X Q, et al. Action mechanism by
which SA alleviates high temperature-induced inhibition to
spikelet differentiation. Chin J Rice Sci, 2015, 29(6): 637-
647. (in Chinese with English abstract)
Satake T, Yoshida S. High temperature-induced sterility in in-
dica rice at flowering. Jpn J Crop Sci, 1978, 47. 6-17.
JEAEEE, SKERE, R, . S RE B XT K RS E 1Y
ma. ofE ARG, 2014, 35(5) : 544-548.
Zhou J X, Zhang Y P, Zhu D F, et al. Effects of high tempera-
ture on rice spikelet sterility at flowering stage. Chin J
Agrometeorol s 2014, 35(50) : 544-548. (in Chinese with Eng-
lish abstract)
IR, HOXUR, AESAT, AR, dih R DT IR B A8 X K R 0T 4K 45
SR, EAROE AR . 2009, 30(2) : 252-256.
Xie X J, Shen S H, Li B B, et al. Influences of high tempera-
ture stress on blooming and seed setting of rice during heading
stage. Chin | Agrometeorol , 2009, 30(2): 252-256. (in Chi-
nese with English abstract)
SRAERE, SRR, HOIRVE, AF. L0 R e K RS AR 24 A= B
FibE B AR PR B R AR 24, 2013, 391D 177-183.
Zhang G L, Zhang ST, Xiao L. T, et al. Effect of high temper-
ature stress on physiological characteristics of anther and pol-
len traits of rice at flowering stages. Acta Agron Sin, 2013,
39(1): 177-183. (in Chinese with English abstract)
Jagadish S V K, Craufurd P Q, Wheeler T R.High tempera-
ture stress and spikelet fertility in rice. J] Exp Bot, 2007, 58:
1627-1635.
Prasad P V V,Boote K J, Allen L. H Jr, et al.Species, ecotype
and cultivar differences in spikelet fertility and harvest index of
rice in response to high temperature stress. Field Crops Res,
2006, 95: 398-411.
JRREE, IKRESE, AGEE, S5 R T KR I AL ) X 32 R &
M. EK AR, 2014, 28(3): 297-303.
Zhou ] X, Zhang Y P, Zhu D F, Influence of flowing charac-
teristics on spikelet fertility under high temperature. Chin J
Rice Sci, 2014, 28(3): 297-303. (in Chinese with English ab-

stract)



22 A5 < AR S0 v I I 3 X o R BT A A AR A ) 5

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Rang Z W, Jagadish S, Zhou Q M, et al. Effect of high tem-
perature and water stress on pollen germination and spikelet
fertility in rice. Environ Exp Bot, 2011, 70(1): 58-65.

Bl LR, INIR R, REA AR SR db e JE T ITE K
AL, 2013 55-58.

Cai C, Jiang W M, Sun J] W. Plant Biological Experiment. Bei-
jing: Beijing Normal University Press, 2013: 55-58. (in Chi-
nese)

EMEAR . REULR WY 0 = R T S K &)y B AR BLER AR Y R
LR BL . 2014, 42(1) . 85-86, 89.

Hu Y C. Study on the influence of simulated acid rain on clo-
ver. J Anhui Agric Sci, 2014, 42(1);: 85-86, 89. (in Chinese
with English abstract)

e, Fhede, AT, . AT MRS B E CEOER ) 52
Bt L E R, 2013, 16(2) ¢ 19-20.

Liu HY, Wang H H, Cui C H, et al. Experiment improve-
ment of the soluble sugar content determination by enthrone
colorimetric method. Lab Sci, 2013, 16(2): 19-20. (in Chi-
nese with English abstract)

WK, W, EFY, F B ST G250 YA E #E
LR AR O OR & R B RE R R B RB R
2006, 15(3): 235-237.

Zhao Y Y, Dai Y, Cui X M, et al. Determination of protein
contents of radix aconiti kusnezoffii using Coomassie Brillant
Blue G-250 dye binding. J Yunnan Nat Univ: Nat Sci Ed) ,
2006, 15(3): 235-237. (in Chinese with English abstract)
TREE, MRz, AR, AR KR A AT 5T
i, 2005, 20 (1): 1-5.

FAE S

Zhang G L, Chen L Y, Lei DY, et al. Progress in research on
heat tolerance in Rice. Hybrid Rice, 2005, 20 (1). 1-5(in
Chinese with English abstract).

RRVK, IR, L) 8, L ARIRAL BN AN R R AR B 4 Y
AU AL B LB FE R LA AR AR, 2009, 29(3): 1341~
1347.

LiY B, Yang S Q. Ren G X, et al. Changes analysis in physio-
logical properties of several gramineous grass species and cold-
resistance comparison on under cold stress. Acta Ecol Sin,
2009, 29(3): 1341-1347. (in Chinese with English abstract)
ML, sk, HEHE, 55, (G W 38 0 I 40 iR 205 1 &
BER YRS, A TR HARRLE R, 2008,
26(5): 583-586.

He HY, Xue L, Tian L P, et al. Effect of low temperature
stress on root vigor and osmotic adjustment matter in Musk-
melon Seedlings. J Shihezi Univ:Nat Sci, 2008, 26(5): 583~
586.(in Chinese with English abstract)

Bohnert H J, Nelson D E, Jensen R G. Adaptations to envi-
ronmental stresses. Plant Cell s 1995(7): 1099-1111.

Noctor G, Foyer C H. Ascorbate and glutathione: Keeping ac-
tive oxygen under control. Annu Rev Plant Physial Plant Mol
Biol, 1998, 49. 249-279.

Quartacci M F, Navarilzzo F. Water stress and free radical me-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

645

diated changes in sunflower seeding. Plant Physiol , 1991, 139
(5): 621-625.

Br, BEE, BB, & H O, 0 H PG A2k iR AL
T PRS2 0. AL BE2E L 2015, 54(1) ¢ 122-125.

He D, Mao C C, Chen Y, et al. Effects of on callus differentia-
tion and antioxidant enzymes activity of peony. Hubei Agric
Scis 2015, 54 (1): 122-125. (in Chinese with English ab-
stract)

KR, ARUTEL, AR, A OKAE IR E T LB 5 .
EAEK, 2009, 6. 8-14.

Song J. Le M K, Fu G F, et al. Progress in the study of dam-
age mechanism of rice under high temperaturestress. China
Rice, 2009, 6: 8-14. (in Chinese)

AR, ML mARTE, SRR B E X Bk A g B I s
ARG PR R R SRR A4 2005, 22C1) - 69-71.
Yang C X, Li X L, Gao D S, et al. Effects of chilling stress on
membrane lipid peroxidation and activities of protective en-
zymes in nectarine flower organs. J Fruit Sci, 2005, 22(1):
69-71. (in Chinese with English abstract)

T, B, BTN S KRR IT A B Y SR8 SR 4R X AE By
16 R SEI R . AR "F 4. 2008, 28(3): 417-420.

Li X Z, Liang M Z, Zhou G Q, et al Effect of environment
condition on pollen vigor and seed set during flowing time of
rice. Acta Agron Sin, 2008, 28(3): 417-420. (in Chinese with
English abstract)

Zhang C X, Fu G F, Yang X Q. et al. Heat stress effects are
stronger on spikelets than on flag leaves in rice due to differ-
ences in dissipation capacity. J Agron Crop Sci, 2015, doi:
10. 1111 /jac, 12138.

WJE 2, WREIR, EE, & B ER 6 5 AL g 5
ST A W BB DR AR . 2007, 21(5) : 518-524.
Tao L X, Tan HJ, Wang X, et al. Effects of high temperature
stress on sperhybird rice Guodao 6 during flowering and filling
phases. Chin J Rice Sci, 2007, 21(5): 518-524. (in Chinese
with English abstract)

PR e, R, BIVEIC, 5. B E KRR R3S R R R T
AEHE ST PAEIEG. P EDKREREE, 2011, 25(5) ¢ 495-500.
Fu G F, Song J, Liao X Y, et al. Thermal resistance of com-
mon rice maintainer and mestorer lines to high temperature
stress during flowering and early grain filling stages. Chin J
Rice Sci, 2011, 25(5): 495-500. (in Chinese with English ab-
stract)

Liao J L, Zhang H'Y, Shao X L, et al. Identificantion for heat
tolerance in backcross recombinant screening of backcross in-
trogression lines with heat tolerance at milky stage in rice.
Rice Sci, 2011, 18: 279-286.

KB, THRIC, WFEAR, F/NE S TR AR B
B IR 300 R MR AR A SRR 2005, 29(3) ¢ 461-466.
Li YK, YuZ W, Zhang X J, et al. Response of yield and qual-
ity of wheat to heat stress at different grain filling stages. Acta

Phytoecol Sin, 2005, 29(3): 461-466. (in Chinese with Eng-



646

[34]

[35]

[36]

lish abstract)

BEREMG, ERE . AEUC T 5030 M S 2 A R AR 1Y A8 1k
RAE SRR, R K224, 2007, 35(8) ¢ 12-15.

Xue J P, Wang Q Y, Ren H. Drought stress-induced responses
of physiological indices of Betula platyphylla. ] Northeast
For Univ, 2007, 35(8): 12-15(in Chinese with English ab-
stract).

BTk, SRAEHT . K. AE YR AR B0 AR AL AR AR B it AR ) 0
LR, FALARF B4, 2010, 25(3): 59-65.

Yang S, Zhang H X, Zhang L. Physiological and biochemical
indices of salt tolerance and scanning of salt-tolerance plant: A
review. J Northwest For Univ, 2010, 25(3): 59-65. (in Chi-
nese with English abstract)

SREEE, SRIBIEE, IRV, AE. AR R AL ) R R W 30 X K i AE
2 AR MR D A Sk AR AR R A SE . b R K AR AE . 2014, 28
(2): 155-166.

Zhang G L, Zhang S T, Xiao L. T, et al. Effect of high temper-

1 E K BB (Chin | Rice Sci)

[37]

[38]

[39]

5530 &5 6 W1 (2016 4E 11 )

ature stress on physiological characterstics of anther, pollen
and stigma of rice during head-flowering stage. Chin J Rice
Scis 2014, 28 (2): 155-166. (in Chinese with English ab-
stract)

A R R 0 SRR L A R IR N KR Tl R4 4B 0 2R R T
BORE M. VTR R 22241, 2010, 31(2) ¢ 125-130.

Li PP, Cheng G F, Zhang J H, et al. Effects of high tempera-
ture stress on physiological characteristics of rice during head-
ing and flowering period. J Jiangsu Univ,2010, 31(2). 125-
130. (in Chinese with English abstract)

Anjum S A, Xie X Y, Wang L C, et al. Morphological, physi-
ological and biochemical responses of plants to drought stress.
Afric ] Agric Res, 2011, 6(9): 2026-2032.

Pongprayoon W, Chaum S, Pichakum A, et al. Proline pro-
files in aromatic rice cultivars photoautotrophically grown in

responses to salt stress. Inter J Bot,2008,4(3): 276-282.



