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EFFECT OF OXIDATIVE STRESS ON COLD TOLERANCE
IN RICE SEEDLINGS
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(South China Institute of Botany, Chinese Academy of Sciences, Guangzhou 510650)

Abstract Effects of different extents of oxidative stress caused by 10 pmol/L H,0O, or
10 pmol/L methyl viologen (MV) on cold tolerance of rice seedlings were studied. The
results showed that mild oxidative stress (10 pmol/L H,O, or 10 pmol/L MV for 4 h)
could induce cold tolerance, while severe oxidative stress might aggravated chilling injury
on rice seedlings. The antioxidatase (POX, SOD, CAT andf APX) activities in leaves from
various pretreated seedlings were all increased. After chilling stress, the changes in
antioxidatase activities, electrolyte leakage and MDA content among different pretreated
seedlings were different. Mild oxidative stress could sustain high level of antioxidatase
activities, reduce the increase of membrane lipid peroxidation and cellular electrolyte leakage
induced by chilling stress; but contrary effect was observed by severe oxidative
pretreatment. It is suggested that the mechanism of rice seedlings responsing to oxidative
stress (cellular oxidative stress response) might be the important regulatory mechanism for
rice seedlings during chilling stress or cold tolerance.
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EEARERBEAEEBERANESHAES) EEATHEEmER SRR, Bt
AHREMLEFEMRHOINS, XILFE—FMLHE, BEHETUR LY EALEINES
F, W% 05K TFHEER, SOD EHtE ¥, H0,fEH % SOD. CAT fl GR EH#HP, &
Bk E AL A PR —TE, BEIAARE S P AL B W R R A AR S D AR .
Bk, BT ARBIEMALBERAERS, EAMAMERREEEBRIRENER. KEHFRE
P g E A R R E A R R G R E BRI T REGENEZE RN Z
—. MEBEYRDEG—EESE, ZREMARDEEEHEERIER. Hik, f1EA
EvE S L SRR LT XY, Prasad &P HKIEH TR R A ELER YA
R RS M — N EAPHA R, FIEHFRTEEN HO, 48, WREMRIL
TIRBEYHIA . A BT AR R E R ELa 0 KRB SR B R, R4
BEKBHERL HATHXER,

1 #HRHRJTIE

M EEIEST PAKHG (Oryza sativa L) S =% 2 SN, MREFRITER
3,
1A SIER 35 A: ZEXEHALER T 16 h, 23H 10 pmol/L H,0, #1 10 pmol/L H &
SR (MV) BRSNS, TREEOHE4 L RBREHO, MMV, ib4@EERBFKE 4
K12 h, B: ZEXL M EAEATRY 16 h, 4+31F 10 pmol/L H,0, M 10 pmol/L MV JERALHE L)
%, TEBDKE16h ERAPANRELHEMNER. CERMBLEN 16 h, 4518
10 gmol/L H,0, 110 pmol/L MV HARLEL M, HERMAFAVEELERR. HUKER
Mghi AR, MBERASEETRTAR, BUEAAHEE 1T . RIEREN 150 pmol m™s
WA R S AL TE 2 d, BUBEBRFR EWMEAEK, EREAEKMNE 3 d Sit4h R s
-

HEEMESEHAUE  HmEED K.

HEF=E (MDA) SBMME 3% Heath M Packer™ My ¥:.

M EEEABERGIE AR BOEERE (GR) EHERIWE # Foyer M1 Halliwell®™ #75
¥, GR EHUAOD,y - mg'min' F7; BEYLLE (SOD) HHE #% Giannoplitis 71 Ries!""
BB, DAID&IEE NBT 50% N—MEHEHRAM; A EE (CAT) &40 2 #% Chance
1 Maehly" 8§ 5735, CAT LLE4r4h572 1 pmol HO, W — M HEHH L, SHAYE
(POX) ¥EH: 1 52 3% Omran! f 7 3:, POX 35 LA OD g6 o mg'min™ 7%;  HLIA ML BR 33 &
A8 (APX) ¥5 M 19 1 5 #% Nakano M1 Asada™ #y8k, APX #E# A ODyy pmg'min” &
K.
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2.1 FEREMSLEKBHERSIHTMm
KABLHES 1T . HH 150 pmol m%' fELE 2 d, HRERTHN 55%. HERE
B, WSE4BIE 10 pmol/L H,O, MMV il 4 h, BEEERPMELK 12 hHYHE, &R
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FE 9 04k B 8 FAL IR 3 4 B B0 % IR A A,
2 ELIE TG USRI @R T,
7l 7= B B AL R BB IS T 4 iR .

2.2 TETREE A S AL B X K B 4 # R 4 BB B
MR RS T S AL IR
A 40 D e A R A K B VR, S B M R I A
FRTHNEERE. 78 (MDA) & 48 BB
fent LR R EE Y, F MDA SR EENRAE
BEisid SR R EERE. HO i MV Ab ¥ 7K
A 4 hER 16 h xint AR B RS L RB A E

W(E2). BIHAENESLBEY N FRBEEE

2, R AFLEERETRIHEERNBR®EE
R A, T B, C BisbZR U B E T ¥ Il 3t B
mEBBENER, U CHLAENRI™E (A
la) . H,0, MV £ 3B kFE4h# 4 h, 3f MDA K&

BILE W, 43 16 h ¥/ MDA § & 13%—-21% (& 2).
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£1 TERBREHEALMOTLAENKBHHEZ S
g R R iE R (%)
Table 1 FEffects of different degrees of oxidative

stress pretreatment on the survival rate
of rice seedlings after chilling stress (%)

AL #E H,0 H,0, MV
Pretreatment (10 gmol/L) (10 pmol/L)
A 55t4 82+3 89+6
B 55+4 205 157

C 55+4 0 0

Wi &M 1T, 150 pmol m™s” FPD, 2 d.
A. B. C RatRfIEE, HO: BKERM SRR
4E%, BTFETHK 16 h, RE X MG LA,
F2ME 1 2[.

The roots of rice seedlings were immersed in
the solution in the dark at room temperate for
4h (A) and 16 h (B and C) of pretreatment.
The pretreated seedlings were then washed with
water and incubated in the dark for an
additional 12 h, then chilled (A); only washed
with water before chilling (B); washed with water
after chilling (C). H,O: Seedlings immersed in
water in the dark for 16 h as unpretreatment.
Chilling stress was at 1°C under 150 pmol m’"
FPD for 2 days.

Y8 EH A MDA & B ZE

2.3 REREESLIEI KBS AR ST AR

2% H,0, 5% MV 438 4 h, FA# CAT W HBIEMN, EKAME 16 h R4 h ABFIL
HWA 12 h, CAT (3T R EE. H,0, f MV 433 SOD. POX il APX #EtERI S CAT
B ILERARGL, (BT RLEF H,0, %t CAT. POX 1 APX ByRIBAEAEK; T MV 3f CAT
SOD MRIBM/E A A. GR HBHEMASR H0, MV HREIE(E3).

% 2 H,0, 71 MV S EREXABHEH A RBESRNE R ROKW
Table 2 Effects of treated time by H,0, or MV on the electrolyte leakage and
MDA content in leaves of rice seedlings

pugiil H,0, MV
Control 4h 161 4h 16h
W f% R B W Electrolyte leakage (%) 9.6+ 04 97.£0.3 9.2+ 0.4 9.4£0.3 9.5 0.1
MDA &8 MDA content (#mol g'IDW) 152205 154+ 0.3 17.210.3 16.1+0.4 18.41£0.2

*H: DUKEARALE e, ARERREETETAK 16 b

Control: Seedlings immersed in water in dark at room temperature for 16 h were used as control.
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Fig. 1 Effects of different extents of oxidative stress pretreatment on the clectrolyte leakage and

MDA content in leaves of rice seedlings under chilling stress

A, B, C, H,O and Control are as same as in Tables 1 and 2. The values of
Control are 8.9% (electrolyte leakage) and 14.7 pmol g'DW (MDA content)

CcControl; W& H,0; H,0,; E Mv

% 3 H,0, 1 MV 2B atiE kB4 Eet i &ML BT AR (3 Y 100%)
Table 3 Effects of time treated with H,O, and MV on the activities of antioxidases in

leaves of rice seedlings (% of control)

Relative activity (%)

47 Treatment CAT (%) POX (%) APX (%) SOD (%) GR (%)
H,0,
4h 138+ 4 1383 139+ 4 10312 100£3
16 h 14413 12242 1328 11015 10243
4h+12 hR 14412 13112 148+ 4 120t 1 9543
MV
4h 140£5 113+4 11942 125+7 99+ 1
16 h 13312 12746 1173 1254 9514
4h+12 hR 148 £ 3 120£9 121+4 133+3 98+ 4

4hA16 hMAERZE 2 4 h+12 hR: AAEBLARE 4 h, RETEEBETHRE ALK 12 b;

Treatment of 4 and 16 h are the same as in Table 2; 4 h+12 hR: Treated with H,O, or MV
for 4 h, then remove H,O; and MYV, the seedlings were recovery at room temperature for
additional 12 h. Control values are 39.75 U mg” min” (CAT), 1.43 AODs un mg” min” (POX),
13.11 U mg'min? (SOD), 3.62 AODyyg p mg'min” (APX) and 0.12 AODsy o mg'min” (GR).
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Fig. 2 Effect of pretreatment A on the activities of antioxidatases in leaves of rice seedlings
H,0 and pretreatment A see Table 1. Control see Table 2. The values of control are
32.75 U mg'min”" (CAT), 1.53 A OD g o mg ' min” (POX), 12.11 U mg'min” (SOD),
3.22 A ODygg o mg ' min”! (APX) and 0.10 A ODsgg oy mg'min” (GR).
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ARELBEL 1°C . 150 pmol m%™ HmMHALHE 2 d J5, B FHUEILREE DA R E MR
%, EEFLEZREALBAHER, A MLHENE T ELBEEERTRBLHEEMHO),
YR GR EHEMNERENRE (B2). H£B, CH4HEN, SHREABEESKETLE
RIEOE (RFIW) .

3 i

EXA Ut BR g HO, H4ERE, RJ5 CAT 3 M POX FHAERRY. MEIFRA
GAATF 4 C LS 1R, HO, WEEMM, APX BEHELEMNE 4 XA MM, SMNEHER K
F BB A HIS IR, Paraquat BB E XK SODY, GRM K EF & K.
WERIT S APX WEAY, FEREVHNTREHELREN HO, BRI KRE A
SOD. CAT 5 GR ##:, XE#HTF H0,M#ET SOD. CAT 5 GR M8 Fid &, M@
BRI SR, ALRERER 10 pmol/L H,O, X MV ¥ T/KkMB4hEMH i SOD. CAT. POX
M APX HIEHE, {EXf GR EHEMAK(E3).

RRABEWEABENKBHERY HHEREA—FH (XD, BAERMEHN, AR
EEMNELBETAE ML SN SOD. POD. CAT MH F MM A L Y B
(AsA-POD) MEME —EHNER (F3), BELHES, HELEEEEAA—F., £2AM
LA TEABESRANE TRPLAES (B2); M4 B, C MAHEMN &S AMLEEEK
T H5RFAEEFM., BT, B0 E b0 LbHE AT Al R 8 o 0 3K 40 M BT 4 10 B T TR A 5
m, ARG LIEERNERERERERN, BBSHETABEXATEREEA
MPARMGE(EL, B1). S4E#T 16 h A, RS T4EH e ERS Sk, |
BB MR B TR (£ 2), MZEXRHHAJE SR B B b hn K T % e 5| & i RS i 40 A BEE 1
BASL (B 1) . IER IS B ks s T IS A AL, ITE B B b hn oK ¥ B 38 5 | AR F R 5
HAMESERG (E 1la), BEAYXnApbrEEEeRmEasimy, XARARBEER™ &
#, HWEMABENE TR, BEEEZHEMRT(ER]D.

g FRTRTT L, AR R AL A XK RS SRS T B B R AR M BE S
AFESYE MR ERYE; BENEAMaNMESIEMGERE. KN XFHHAAHE
BRI R R AL (B RIBHLE)) BT SR R Y HRER M ME W EEZI G, XBRER
H—H MR,
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