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Effects of high temperature stress on pollen characters and anther

microstructure of rice
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Abstract; With the quickening industrialization, the worsening environment and the global warming, heat injury is
becoming a major disasterous factors that has an effect on crop growth, and is receiving increasing concern because of its
limiting effect on rice production.

The experiments were carried out in growth chamber to investigate the effects of high temperature stress during heading
and flowering period on pollen characters and anther microstructure using two rice lines including heat-tolerant line 996 and
heat-sensitive line 4628. Seven day/night temperature (8:00 — 17:00,37°C ;17:00 — 8:00,30°C) after heading were
established. The results showed that anther dehiscence coefficient and pollen grains on the stigma significantly decreased,
pollen diameter significantly increased under high temperature stress, pollen vigor and pollen germination rate decreased
during the stress period. Anther dehiscence coefficient, pollen diameter, pollen vigor, pollen germination rate and pollen

grains on the stigma in heat-tolerant line 996 were significantly higher than that of heat-sensitive line 4628 under high
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temperature stress, this indicated that heat-tolerant line 996 was able to keep better pollen grain pollination and germination
character under high temperature stress, and was physiological basis of heat-tolerant line; Under high temperature stress,
epidemn cell of anther wall in vascular bundle of connective tissue in heat-tolerant line 996 arranged regularly and tightly,
vascular bundle sheath cell and parenchyma cells arranged regularly, xylem and phloem were clear. While epidern cell of
anther wall in heat-sensitive line 4628 arranged irregularly and untightly, vascular bundle of connective tissue was seriously

destroyed, and vascular bundle sheath cell arranged irregularly, xylem and phloem were unclear.

Key Words: high temperature stress;rice; pollen characters; anther microstructure

KBEMAR FBREEMREEYZ —, 2 AN 12 WA O Z 1R, FEFR, FEE R EMNE R
SIRBFE M IR BN, RESRAEEDE RN ETBERRZ —. EYNFESXREIEFSUR, 7
BN ENR, S IE M BB S AR, SRR LR F AR E MK, HER5IERZE, R8A
B, KBRS ERMNE N SREE R T ERER B, Bk, KBTI ER RS S5 LR
T, ERETY . ERE— X, FER SR EEE RKRBEH E R NE &E" . XEPIRIEN, &
TR KRS I R R AR 25 00 T 245 AR, X B M B B, 46T S 3R B AR R S s i1,
R R, KRBENERRE L L2 DTERIR 20 2L _EMIER AL BBRIEIE ¥ 328 R4 %, B E R T XA
HERSER/MEAT" . BRTXTRENKRSERIIEN RAEPTITREARL, HIES U HREAR
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R A XK FEAE S B AP, i ER T KRS & 24 PR P K 8 R A i B SR AL R R
1 HR5FZ
1.1 tpebfnabsE

BRI T 2005 E7EBIRE AR KK ARG Iridle B e T, b st R dhmh & 996 Fh U m & 4628, 4
K KEESME DNA 3 ARREHRGF 264-7, 2258, BEETRCA4 A EMMH T EHREREER,
BEAFHE2MRE, ERERIBAS TRE, BiE 4= 8k 2 W B2 , )5 & ZmB K, W&
RERALR., WHRYBERERL RFEKREIRE, 8T 2005 44 5 16 H#ER,5 A 11 BB, "L
AT 15d BER T HESRKIEAR BB R T AP, 53 5,320 &, LY RE 10 ZBAAT
SR EMRITERANFE(8:00 ~19:00, 37°C,19:00 ~8:00,30°C , HEHSE N 33.5C) , LM 7d 5, %K
BB aEsMER BRAEK, B 10 EEA K BRI, A BB, FKHER B EHREN
27.3°C ( H B AR A X 2:00,8:00,14:00 F120:00 BE B EHE) . BB GHRBHEAITE
RE RS LE,

1.2 WED B R

(B HHNE FEBAHESE S X 10:00 ~12:00, 5L HE 60 28 K /NME , AR FRF TR
B EBME T ERNERATFIRER, TR FREAY.

Q) WBA/MIE TRIRAHES 1,3,5 XA%E T X, 56 R4HEE 20 MEZ , 72 B35 T 2K E
B, BIEAME 10 MEK

(3) MIE N BT E RS Bk e ER ™ THRAMEE1,3,5 RS T X EFRELR T TS
2P A b, mdH 1 (0. 5% BKRE 0. 5% o-288,0. 25% FRFR4M A 10ml R4 345)) M 0.3% o E A E 4 1 1,
BARELEH A ,30C T4 10min [N BAEE T UWE 3 Ml , 8BS MRE, it HAEMTE 1.

() FEBBHARRIWE Oml KHPIRARE 0. 1g, FEKE 2¢, MBS F 90°C , R A /S #MIN 1ml ER (¥R EE R
0.2¢/L) , TALHESE 1,3,5 RAE 7 R L FRELMESTR A BRI BASH KRN ERLY, BT 30C
BE T RS 15min 5,78 BHE TRMIEMET L 2,

(5) Rk EAEMBIME  FAEE S X, 10 XY RELFHI/NMETE FAA B EE , )5 AR E
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RTHE. R 1 BR,RIR T KRB LRTRE, SRR, 5358 L, BR T W R 996 MRS M &
4628 AL LLXTIR T W 18.6% F154.2% , 225035 B E KT, Tt #dih 3R 996 HOFRF 140t B & R T 4
SRR i AR 4628, 33 7 B i 8 i o o v L S A UK

F1 FEMEXKBLELENLM
Table 1 Effects of high temperature stress on rice seed set rate

LTES il G 7K 8 xR =R MERR
Lines Treatment No. of grains per panicle  Seed set rate( % ) Unfilled grains( % ) Heat injury index
i 5 R 996 Xt (CK) 208 +7.28a 81.73 £3.27a 18.27 +0.55¢ 0.19 £0.01b
Heat-tolerant line 996 BB High temperature 206 +6.18a 66.50 +1.20b 33.50 £1.01b

U R 4628 Xt (CK) 124 +5.58b 79.03 £3. 16a 20.97 £0.52¢ 0.54 £0.02a
Heat-sensitive line 4628 75 High temperature 127 £6.35b 36.22 +1.45¢ 63.78 £2.55a

RAHTERERRANEFTRERTEFE 5% BEKE, UTRMER; RERF - (ARELE -RBREEZR)/ARELE  Different
small letters in the same column indicate significant difference at 5% level. The same as in tables below; Heat injury index = ( seed set rate under natural

condition — seed set rate under high temperature)/ seed set rate under natural condition

2.2 FiRMEHE TR R

PRI T RN SE TR, 25 A — P RO T R, Pisms RIT RO ARIT R, Rt SCIEZ5 T
RBUK) "R K = (ERFFRIBZE + 3 TR /BRAEZ BE K B Y% B e T RA R
HALBIEIRR, KAEK, BE R R R, Bk EREw, KA/, BEE B CRIG, Bk EA B, K
ERAEIE(0,1) o WFR2 TR, MR T, b R 996 B9 K (B9 0. 8, M gUsa & 4628 i) K {H >y 0. 563,
ZHEMZE 0.237, ZRIBBEKF(F=720.12 > Fy o =7.71) , AP S RE L BRKMATH KE/D, &Y
TERRALEE T of it 2 996 [IRRLEIF BN K (B, (EAE2Y R LM BORCRIR T B R , Ak B AR Z AL

®2 BHEMETKBEGFTHRER
Table 2 Anther dehiscence of rice under high temperature stress

BR s 527% WA St JARARS

Line Treatment Full dehiscence Part dehiscence Full indehiscence K
coefficient

T 4% 5 28 996 i CK 53 +2.12a 2 x0.05d 5+0.15d 0.917 £0.04a

Heat-tolerant Line 996 BB High temperature 35+1.93¢ 13 £0.39b 12 0. 66b 0.800 +0.03b

U R 4628 i CK 46 +2.30b 7£0.18¢ 7 +£0.28¢ 0.883 £0.02a

Heat-sensitive Line 4628  Eifi High temperature 21 £0.63d 14 +0.49a 25+1.5a 0.563 +0.02¢

2.3 RiREHE N KRR/ RN

AT RE RS ERRIN R R RGBER S~ B 1 R B R KRS E
MR ERRIRN . W T KRR R AR, AR E AR R, AL BEEE 1 R $4h &R 996 FEM A2 L3 R
BN 3. 2 wm , AR R 4628 W LLX BEIEAN 1. 5pum ; (B8 = MR8 I R]BG SE S, P i RAE PR LR 2 T R
B, BABE T R, Tt Hdh 2 996 ZEME AR ELXH HIEAN 1. 7pum , PREURR G R 4628 JU LEXH BRI AN 0. 1jum , X 3R BH
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RS EUKREAE MR K , B FE = IR 18 BRI SE R, AR AR B B AR SZ BN o 39 A5 25 7T 25 T e B B s 1
BATHT, G RRW B T 3 R 996 TEMPRLIY IR B KT I BURR i 2R 4628, 3X SRR T f 4 i & 996 19
PRSI RARBORT HREUR M R 4628 BIEEN—3, X H— b T AR A A 25 0T RIS
2.4 FiRMHE N KRS S HE R

RAAE AR 5B G RIS SACYI e, LR BRI S BAL R 5T 2B R O5E R R A EAL T = A
B, e RN L6, MR A S A A7, A, A s AR, MRRBRER N, A A
o RIBAMBETHMAEMTERIET. L ARIER BRA T KRITE ox ], B9 R KRS
R REE (LE 2) ZERE T , WIS 1A BT TR, AL 1 R, Ttdidh & 996 FIREURG & 4628 197
BitE H1 53 B LY BT [ 7. 8% 1 13. 8% , 2 5715 BE/KF , BREE RIRMEN FEK , Bifh RIERTE S 158
TR, EALBR, Tt & 996 FIPEUR G &R 4628 BITERITE /) HLx T % 19. 6% 1 32. 88% , 257k B &K
o FEEEAACEAIN , T AR 996 BIFEMTE J1 R T HBUR i &R 4628 1Y,

B 996 B4k 996 Natural condition B 996 H R4k 996 Natural condition
996518 996 High temperature 996 iR 996 High temperature

B 4628 H#R %41 4628 Natural condition E 4628 54444} 4628 Natural condition
B 462875 4628 High temperature B 4628735 4628 High temperature

£ 50 YR 3
s s =T
=% 40 :
2t l 28
22 30 ! B2
®3 % B2
=20 5% £
g %
10 =
0 =
LI FHLC Days of treatment (d) AbFEFR %L Days of treatment (d)
B 1 ®miRMEXKEEREERER B2 REEXKREERTE KR
Fig.1 Effects of high temperature stress on rice pollen diameter Fig.2 Effects of high temperature stress on rice pollen vigor

2.5 FiREHE N KA B A FR RN
FA BT KTEEm AT B s Jr 2k BRI EA R , DR OAE A A 6 ARt TT A o R BOK R AE 415 058
BRI — A 1at5. B 3 TR, miEXKBEAEREEA

B 996 H #4444k 996 Natural condition

—‘XHEB(J%W'@ 4 'ﬁ'ﬁ I\Ejﬁﬁ%‘iﬁo &tﬂ% 1 3%, W‘T?ﬁ‘uﬁ:% 99651 996 High temperature
996 ﬂ]ﬂ@@ il & 4628 %%ﬁﬁﬁ$ﬁfyﬂ TR I;% B 4628 5441 4628 Natural condition

B 46287 & 4628 High temperature

5. 8% 1 23. 39% , FEA& =5 i B8 I TR A, P it RAE 100
W R RIFEE T, ZRBBEKF, BALHE T R, T
il & 996 FIINHRR iy 7R 4628 B FEMy A A& % EL X R 43 5]
T 15.37% M1 31.89% , 273K BEKF , FEBA AL
SAIR] Tt 3%k R 996 BB BA R B\ T BB R
4628 K,
2.6 RN KR Sk AR AR R

IKREEE LRI T AR, T B IE H SRS ok AEBRFHL Days of treatment (d)
FHEk B BIFER R, W0 R BEARIE R 95 B ZE M R %K,
RARERZREAEL . NE 4 TEH, HiROHES
T, Tt 2 996 HE3k b BGF R FERPRL RO 35, T #%

+ (=) *®
=3 S S

TERIBE R 2
Pollen germination rate (%)
o
(=2

(=}

B3 RiEPERKREER R R

Fig.3 Effects of high temperature stress on rice pollen germination
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BT — R R R SRIE , IR B AR R A M e 4 Fig.4 Effects of high temperature stress on rice pollen grains on the
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FERR T AEZABE YR B 4 ML HE S BB ST, 2RI B/ N (18 5-4) , TR Rk i 2R 4628 7B 25 BE 1% B2 20 T IRA
N, HEF Al , 4 B B R (B 5-8) s EAE 2 PR Bt b TE B RAM T, WTLIRBIEZG 25 1R h 2 R 2
AL SR B R B I A B AR B IR, AR 2 ~ 3 AR B BIIRA S ~ 6 ATRE (K 6-1,3) 7
FIE T, Z5FR AR T A R B, Tt B i 2R 996 24 YR8 TR, 488 TR 40 i R AR 38 o, (BT
BST AR ) R A B AR 22, HESIBEST , AR SRR A B BRI T U (&1 6-2) , T 7 PBURR i & 4628 2%
G AR G AR A BT RO A , HES ZE AL , 4R TR TG Se B A SRR A0 B, EL W BE 40 ™ B
BAL(E 6-4)
3 g

A ERSKEFBERXAREVUNGE, ENEFRTRKBERGRTHXE, MAESE GRKREHE
FRAEHAN B IR R B U B B AR E o TEIRIE , KOKREME 35°C LA R 414 T AR3E 2h, KRS IEH
FHEBERE O SEEN THR RN RRE S TARBOEERTRARRGEE, BAGATHR
FFREER , BUR B Sk ERIIERBP LB B, PUAL T IE % 82080 s Rl A A BRI TS 1 585
KH,ERBTIBEEK" 0 AR REY R RMA AT KR REE T (B2 RAERRL) 32
B — R R R, R T RZI, 1T 11 SR FRIRAR, 45 LR T B, (BT [5] B4 5 R R 77 78
EHRENZR . 13T CRBLERMAT, G R 996 WA T RAK MR ERBIKIER EMTE D L
AR DAL RAERPRIEEA B TR &R 4628, X RIS R 996 MRS B X = IR BRI TE I
ML TERIE T BRI E AR R, RS2 T, AR TAEM BOR , Ak Sk AR 2 B2 L HAL, T ELAE M Ri7E
R T IR RSB R TG 1, N TR B R B A M B R 2R, B MDRLIE B 207 , 45 L R RR 4R BRI K F o
PR AR R A AR T PRAF B AP I B R AR M B R e i, DT (R 45 SERFE R R A T LA K,
XA BRI i REMM P AR B E 2R AR . Hit, 7247 Bt s RA RAFHEM B R A
F I PR R Tt H ke i RE R AR TR R B RB B — 07 1 , R X — B AR E R A A M

FEF YA AR, BRESWANY KD 5 YR LTS THIEE. 750, A SEYsE
HRAREMSBERBTESEE R H . FERMAMAHEE B ERE MY RN BRNER, AREE
REEFYMALLGREE, ERR TR EEERBALLRERYREFENGE, RTEHEER
AALRIBIIT , ZEFA /N K KRS EIAIRE™ T AN EAARET R T ARSI BEEAR
Fo ABIFEY, MR 996 7ERIRMNE &M T PIRE4E S 4R B 4R, NTTHRIEE SR YR B IE FH4
T PEUR i R 4628 TERHR A T 25MR4E B A ZRR KRR R BIR , B R A MR R ¥, {5 AL, AR BH
OB BB A RATE , AT 5 | L4 -5 DU REREAR , CEAEM RAS A B S8 R BV B NT, S BUE M KR , Xt AL 24 %
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