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FEE: DL 2 KRS S IR B SRR AL 5 R K30 AR BUREL B R R21 A, R A TREE IR, K RBER R ERRE(H
BIIREE 34.9°C) FIiE IR ( H IR 28.0°C) Ab3 , & AR HE SR B3 (5,10,15,20,25d #130d) Sh A 45 N TRIER & 2 AR &
BRIk, SRR, BIENE T K30 MGA R, K30 miRAL LA 3% (Pn) 7R MERIEH B & T X B R21 7EME%K
Hi#A(5.10d 1 15d) = AL 5 E R AL Pr 22 5 REA B, 7ERE S5 (20,.25d #130d) = iRAL3E Pn T RE, SR T K30 At
F PRI YA R (ABA) & & T R21 = R AC S AE IR A3 it i S5AFRL ABA & BAXT AR B iR AL F X WA /K A b it A
FAPRLARER (GA,) 5AKR (TIAA) S RBWARRBREZ W, & IR B FREARRR 55, (2 K30 tb R21 R 3 H 53R A 1R B 4l R
R BEMNE KR B E R NIRE R R R

Effects of high temperature on photosynthesis characteristics, phytohormones and
grain quality during filling-periods in rice
TENG Zhonghua', ZHI Li’, LU Jun', ZONG Xuefeng', WANG Sangen"* , HE Guanghua'

1 College of Agronomy and Biotechnology, Southwest University, 400716 Chongging, China
2 College of Horticulture and Landscape Architecture, Southwest University , 400716 Chongging, China

Abstract: Rice is one of the most important food crops in the world. In recent years, extremely and constantly high
temperature often appears in many parts of China in summer, and it leads to high frequency of the heat injury in rice. The
hazard of high temperature is serious to the forming of grain quality in rice filling-period. To reveal the physiological
adaptation mechanism of high temperature stress in rice, two rice cultivars ( Oryza sativa L. indica) , K30-insensitive to
high temperature, and R21-sensitive to high temperature, were treated with high temperature 34. 9°C and normal
temperature 28. 0°C in artificial climate chamber, and the photosynthesis, endogenous phytohormones and grain quality
were measured during grain-filling period at 5 d, 10 d, 15 d, 20 d, 25 d and 30 d. The results showed that the net
photosynthesis rate (Pn) of K30 increased during whole grain-filling period under high temperature stress, whereas Pn of
R21 changed little during early stage of filling period (5 d, 10 d and 15 d) and dropped during late stage (20 d, 25 d and
30 d). High temperature stress intensified the falling speed of Pn of R21 in late stage of filling-period. Stomatal
conductance (Gs), transpiration rate ( Tr) and CO, concentration in middle lamella ( Ci) also increased in the two
cultivars during whole filling-periods under high temperature stress. The drop of Pn was related to non-stomatic factors. Leaf
and grain abscisic acid (ABA) content of K30 increased, whereas ABA content of R21 changed little during grain-filling
period. Gibberellins (GA,) and indoleacetic acid (IAA) contents were also affected by high temperature stress to some
degree. High temperature increased leaf GA, content of K30 and decreased grain GA, content. The proportion of GA,
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distribution in leaf and grain differed in two cultivars. Leaf and grain IAA contents of two cultivars decreased in late stage of
filling-period. Grain IAA content of K30 changed little under high temperature, whereas IAA content of R21 ascended. For
the two cultivars, the total starch and amylose contents of grain were lower than those of control, whereas the protein
contents and chalkiness were significantly higher than control. The grain quality debased under high temperature stress, but
K30 was more insensitive to high temperature than R21. The present study demonstrated that the change of endogenous
phytohormones metabolism, which regulates many physiological properties under high temperature stress, is the main reason
for degeneration of grain quality, contraction of functional period of leaf and drop of photosynthetic efficiency. The
physiological mechanism of endogenous phytohormones is very complicated due to the process of signal transduction from the
binding of receptor and phytohormone to the physiological effect. The present study provides a base to further study the

physiological mechanism of rice under high temperature stress and to breed heat-tolerance rice cultivar.

Key Words: high temperature stress; rice; photosynthesis characteristics; endogenous phytohormones; grain quality

EER,ESHRTEMNAET R T, REASHX B AR SBREER G IR B SBUKRE R ERE A8
Ham e, Bkl s mBEE S RakmRmE TR LER SHERERE S RAEZ
WIAT M FETE B HEAH 56, Kobata TV il Matsui T 25 fYBF 5t £ S B K L . TWRR BER KM E
HEFE AR, SRS REOKFER & B E S B RRR AR TR EEER, B R
SR RN TR, B 5 9 2 45 S 300 9 B B bl 7K R R L S A A B AR S 0, 465 5 2 T « B 45 R T
(SS) ADPG £:5 MR (L (ADPG-PPase) R ¥ MEVEN & BUBG (SSS) Y€K 7 B (SBE ) FiE b3 2 43 S W ( DBE )
SVEM A A I A R AR B b 2 AR ARk . R RS T KRBT AL RE T R, KRR = A b b &
b, SBOLEBREAR, % H 2% FZesK R 559 b ehdE T iR g 12d, & B IR s T 6
ISR R REAR 3 SOD 15 M I B RRAIK, BRBEE MR MDA & 2 B B340, Fl & RR A e H K A K R ¥ P28 1 R
HRPBMEE, REESD K REERESRH (7d) SRAHEE, t & BUKARESIM 6 A R vk F i B 1 45
RS . RIRREOILS, TREKE T & IR E B OK R RN IEE MAEBEREES) ., KEEEZEIR
Jo SRR R RN S T A IR R AR S R A AR, PR A B a IE R RE ST . B RTRITFSE R,
PRI 1 & BASLIRTT BE RO TE R DR RERE | IR B 1 R S 45 PSS (A BRI 4 T
SENZ BT . BN AMEETIIE T F B E T KRS S A B8 R, (B K A S AR
FERLFI: - P TR R AR LR RIS B S /D o A6 38 485 Yk B At B R R B SRR TR /K A R S 5
R FEAN TRMERRAL ST , NIRRTt , 728V 5 45 SO 30 e R Pl 3 A 3, T 5 R 45 S e
FR AR KRB AR  NTREE S B SRR R, BER R SIS T EERSENEL
R A5 DA B A R R A BT BRI M, IR R ot o 7 v YL 2 B 34 g g LA, S K R TR P e
FIHT AR S R AR 2R .

1 MG =*E
1.1 #rktibs

BRI T 2006 7EPE R K2R B N TRBEEJEAT, a8l K30 F1 R21, Hor, K30 2 M 33 (2 F
R it o e g A3 ) Sfe 0 v L JRORL R R R DR B B X R B B T R R L B b S R KR
SR B AR s R21 VYR R KRR IS B & R P RlR A SR R4, R AT i F . itk o
A3 A 18 H BN 7 A 1 B, EKBERAIZEWG, 2 7EEE T RS KEEA BN REHK, B
ABBRH B3 MR EER P ARLSEE SR, RS PRKBEFEYE (7T A 14 B) BESBRRFNRE L3
MATSEES . ATSBEERIRELERHS R RETRE Sty MmE X AR &G TE
FEIRFHE(FR 1) o BE R B RSIRRHE, HRT A shiEH . BRIRELESN, AT BEEPHE
S AR AR — B, AR 80% , Y FR B IA] 2 5:30—19:30, JE IR 3R B 1000 pmol+m > s™', HHMFELE 5
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K, 5ha 5 d BURE, BRI [E] D 9:00—10:30, [ #HA LA 18R IE . B /e , Bl (/77 TIRIRAAEH,
FEA AT REMER S EINE . SR B EPRURE, WORAPRL, 245 A TROK & RIS R I E

F1 ERETHKO 5 R AN KBRMFEELERE
Table 1 Settings of different temperature while the two varieties treated during filling period

ib B H ¥ B/ C A H Bt

Treatment Daily average temperature ~ Daily change of temperature

S 28.0 6:00—9:30 #[E#% A 31°C 39:30—15 ;30 AR IF A 35°C 515 :30—19:30 #[EI% A 31°C ;% HIIE
’ BEBR 20°C

R 34.9 6:00—9:30 i [H B¢ 36°C ;9:30—15:30 I Ky 39°C 515:30—19:30 AN A 36°C ; & (A I
' BB 29°C

1.2 WERsAR 550 ik
1.2.1 SUE¥Etn RZEBIsRIE

Fi LI-6400 E#5=0OLAERME RG (K E ,Li -Cor AF]) , \FESKIATFF 1R, 5% 54 M 1 JOKFESIM:, e
i ERET G EE(Pr) SILFE (Gs) FEBH R (Tr) FMEE COME(C) . MEESR 3—6 K.
1.2.2 WEHRSENE

K i ) 42 Ik S 8 W P2 ( ELISA ) YU 5E 3 AN TR IR TAA (GA, T ABA By& &, & sz Bk R
AR AT , R AT AL B FRBUK RE ST 1. 0g( K BAPRL 0. 2g) , FEVKIA (550051 T, FH T 11 80% HH
B SRR, B VKRR I 15min, 7 4°C 5534 4000 r/min T B0 10min, FIFRCA/KREM B MRS R IZBOR
W& P E RO KR = AR . BE45 N Microplate Reader 2318 FUESHRY . MEEE 3—6 ',
1.2.3  FPRLg B

BURAREA N T 25, KRR T 7T0C A PR TREE, AR EBERYLE X 95% M #£HE g 0. 15mm
(100 ) ffJEfE N B EETER B IR IR IR & B e ik, R o e B T S 21 e il
ERERSTE  AYRERENEEARS &, RAVBERL KA YR E SR BT RS, %
EEE, MEER 3K,
1.2.4 SEH¥ERE Excel K DPS IRAL I R G TG4,
2 ZER55H
2.1 FEREELIRIRMAXT KRN AEE RN

B 1A R FERIRENET ,2 MAPRHE Po BEAPRLE SR 2 TS SRR T K30 MtG6E7]:
K30 miRAL 3 Pn ZE B MEREH B R TX I, 78 15—30d #i 6, mIRAH Pn HE B AL 5 5 &
83.0% .76.4% 124.2% F1 126.8% ; &5 1B X} R21 Y64 88 F1 BB M4y A B B« BE R R (5.10d 1 15d) &5
IEALHE Prn 53 RZE AW, AR EH1(20.25d F130d) BiRALHE P K FXT R, BAHEIR LS, 2 4
PRFEIRAL IR Gs \Tr 70 Ci #8 TH& IRALTE (K30 #ER P Ci BR4M) (B 1B1C I 1D) o iR AME B B T
TR G R21 1) Pn B REER
2.2 JEIRZEHIRE R RE X KRG B TR R A R R

I &l 2A F12B A0, SR B30 T K30 M ABA & & ZE#E S 15d.20d 0 25d, SR B 43l T
XFHR 61.0% 17.7% F135. 4% ; =@ W3 i T K30 ¥hi ABA & & 76 & B, S iR A 38 43 5l v 7 % R
43.1% .62.4% .56. 1% .107. 4% .118. 5% F1 138. 6% . 1= A% 3K #0 R21 M B FkEk: ABA & B IR
HE.

M 2C F12D AU, B0 e E IR G IR AL R I i 5 RPRL A, & BAEER FEIAER T B, Rl E XS 2 4
V5L B U (R R P A R R R, R VRS hn T K30 M GA, & B e 0 & I3, B IR A 3843 591 &5 T % 1R
68.9% .1.0% 15.4% 35.6% 104.9% F146. 2% ; 7= ELFEAE T K30 ¥Pbi GA, & & FEMEN 5—25 d B, Bl
SOFER 4B F 4T BE 126. 9% .242.8% 30.1% .58.5% H123.9% , T iEFEAE T R21 M B GA, & B FEME R &0t
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Fig. 1 Dynamic change of Pn during grain filling period under high temperature

i, B IR FE A BT AT B :84. 7% 7. 7% \7.2% 51. 7% \21. 5% 1 55. 3% ; & JE 5t R21 6. GA, & B
W43 2 BB FEVE SR AT (5.10 d) ,FPkL GA, B 238, v 4552 P 1 (15.20.25 .30 d) , #PRL GA, &
B, XRAREE T2 MR ESURMR FIAEH GA,ZEM B FIAPRLI 240 L B2 AN R

B /& 2E 1 2F AJA0,2 A0 RHR RS RAC B B S HPRL TAA & B e G B KRR, K30 RiR A3
MR TAA & EREEVES R, R TR, B = (B 7EVE 3K R0 R21 SR AL 3 1 TAA & B = (6 i AR R
HHA(15.20 d) . mRIRRER T K30 APk TAA & & RN BA 2 5 X R21 Fphr TAA &R IR H1E 78
AER R IR A R T R
2.3 ERME X REK SR AR

EIRALEE T RR R RIEIE N, EAR S E LT, B A B S E TR (E2) . 2 Mk
K30 SR AL M AR A A BT R21 miEH, W & BN . 1B R IRl R T RER &, 3
2 ANIKAE R A R OIS K30 by R21 e300 H B0 F s B i B

F2 BERAEZTHTE K30 f1 R21 H QMK REGR0E
Table 2 Effects of high temperature in filling period on rice grain quality of two cultivars

s s oL EE A BYh HHEER i
Cultivar Treatment Chalkiness/ % Protein content/%  Total starch content/% Amylose content/%
K30 =il 41.2a 16.9a 71.7¢ 8.9¢
A& 4.7b 14.5b 80.0a 14.4b
R21 =il 47.7a 18.5b 61.8b 18.4c
A& 5.0b 14.0c 80.8a 22.6a

JT DPS a2z 5, [l — 3 & AR Il 5 B 2 m 8 A 22 5 (P <0..05)

hitp : //www. ecologica. cn



6508 = R S 30 &

—W-K30j&H - K30miE =¢RLER -+ R2IFRE

25000 -
13000 - A _ B
—_ L L
g 12000 & o000l
F 11000 | o0
o0 o e
B 10000 4o S 15000 -
AOE 9000 < B
< © m ean
2= 8000 € 10000 |
I E 7000 5
B g 6000 - 2 5000 |- i\i—__*\***\i
< 5000 - o
o <
4000 | | | | | | 0 1 I 1 I | I
5 10 15 20 25 30 5 10 15 20 25 30
2500 JRRLCCIN
@ B 1200 |
g 2000 |- ]
\ on
. @ w2 10001
3 £
4 § 1500 - fPﬁE .E 800
<38 < &
25 1000} SE 600f
£ %3
£ £ 400f
3 500 S
o o
2 200f
$ $
0 1 1 1 1 1 1 0 L Il L L L Il
5 10 15 20 25 30 5 0 15 2 25 30
3500 14000 - o
& 3000 - & 12000 [
H &
& 2500 < 10000 |-
W 2 £
£F 20001 £E 8000 -
<x <
35 1500 BE 6000
=5 23
£ 1000 - 2 4000
Q
<
< 500 < 2000
O | | 1 1 1 1 0 | 1 | | | |
5 10 15 20 25 30 5 0 15 2 25 30

Kb PR B[] Time of treatment/d

E2 HiRHETAREH T3 R RERSBHEEEL

Fig. 2 Dynamic change of endogenous hormone content during grain filling period in leaf of rice under high temperature

3 itig
3.1 ERERA AR

IR A SR A VR, 2 B Dy BRI A VR R B SRR SR & B B AR e AL B
BB \CO, 4 HEBH 13 fin D& R R SN S H 1538 4 55 32 B B M 1 . Rubisco 324675 1 F LU K™=
S REE S, X S R R R IR SRR, N SR EMIESALEE . AR ER™ &R
e T, SALE R R A ER TN EEEHE, HEEFES¥EMRERA, mRME T, SILEE
ARG EREMAMEEFF DS, WA RBERE , B IRPNE TR P B TR, AEREE Tr 30, Gs
FE, G B F . ERMMAT , Gs MK, B HT CO Mty e A i WEE, RIh G EF, G BT
A AT - PR 20 B A TR R SR AR T COL VR BE . (BB B JE I AREBIRE Pn N, MRYE Farquhar,
Sharkey FIF A 42 MWL 2, Ci BIMEAR T 17 S22t S BOY A 3 R IR IR 10 3 B AR, 2648 B M- -R
SFIREZE(VPD) T, BRI AN Gs S0t BB 1064 88 B i B IR i, S ALAZE TR, BT DAZE 3l
THOL T —BRALFIE G MR, WA S ZAESRILIRGH . XRW, EARRR KNS IREIELET KR A P
TR FEFRE R  5HAERYER N KRBV PS 1A WA X Rubisco 3ALTE HFESILHE, 1
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A SR S W R R A R, YL B SRR 5 R K30 B P AL Tk B, 5 T IR SRR R R21 B
IRALFEATRE, F H R21 BOEA R TR HL( B 1A) XK K30 767 45 S A 1R A AU I FE K, A F
FHAE R G R 2, v] kb 7852 FEA P24t S A R 3G i, 33 2 Y5 B Rk 7R 5 b 48 v F s Bl R B L
wiE. I, ER A S 5 BEREBER 1 P J2 K30 35 R = IR B 0 35 2 A ARAAE
3.2 ERPRAT, NIEEEN AR5 R TR S TR

ABA EYRR PEE  FEEE SR e SR MESYR. EARIES: RBRAE T, El ik
P9 ABA YR REETFEOY i R ABA R IE B R RS RS B LI e, BRI A
BHEYEAIRETER , G AR R (8 ABA XA 1R £ WA BRI E A « AT LR <AL 3h | B
S A7 SR IR ST R 0 k% ABA R A IR R SOD \POD 1 CAT S5 75 1 , Ik 55
BTG A R G v A E Y . AR ABA ¥ E TH R R RETR B ADPG BB R AL B AN IE AL 4 X
(SBE) ik, N AR R A R o ASiABa S A , 5 IR vt ot AR B A ) o W1 K R B o oA T e 3R
FEAE AR, 518 EHUSRAEL S R21 AH L, B AERALS R K30 I B FkPRL ABA S &N ER T
PR XA TR RR S AP K30 RTLUE G ABA & BSR4 R R OL A BR LI T ME B, TR

HIIH R GA R —2RRBHE K YIS E . AIRBHPIA KR MFIH - CA, & B1EH KRG HEE -
IR K (B 2C.D) , Ui BIHE SR UG 397, M A b AR 0B 40 284, 25 i A K 10 A BB PRI, 3% th S5 T
NP G s A B, KPRL GA, XS AR, b ALK & B AT MRl K il & iR, A F T3ek
A AR, R RPRL R TR, 3X AT BB SR M A TE SR AR ML PO KRR AR GA, S BB HT TR E . =R
T, VR Bl RR R R K30 I GAL B B TH L GA, R TR BE AURR AR S Fh R21 IF - GAL, ST B T . X
FH Y B Bl 5 R K30 3 A AT GALFE B R A 4 A BB, 338 o7 765 YR e o

TAA W] DA AR 200 e R R 8 35 1 PR 45 28 1 3R - TR AR 2, 1 3| ) AL I R T R as o
TR 37 FRL A L S R R B B I, PR SR R Y R, X — B G TAA S B Ak kR R SR A
FEAE® R4, A IS RERW, AR EME T, S5 SRS F AP R21 A L, 15 #lUAE § #p K30 1 TAA
FEEREDRAER (S dM10d), 1 R21 HIFEER P15 d [M20 d) . XRAEFERSELH N
BE T K30 it TAA & B (E W BET A SRR 3 R A R B AW &, R MY, IR Y 5 K30
AT TAEE TAA & BAEAPRIE SR A2 i B8 F 53 A A, 38 BFPRL A I

FRENE T, KRR NIRRT, 5 R R AR G 2 R AR A L D AR AR Ak KRS T R D RE AR 48, b
B REN BRI R S EHEREE S TR, P A R, B BRI & BRI H BRI & R E R
RN, XURFK RN EERERE , NIERREER Y NSRS 2R 6 T 16 3 A BN
RENEMGESHSHRE, USSR EN N5 AR b, A RUHEHE R B4 MR 54
RUE = 18] B P ] 3 AR A RS AR SE
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