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Influences of silicon on activities of antioxidant enzymes in rice leaves
infected by Xoo strain in relation to bacterial blight resistance
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Abstract: Hydroponics experiments were performed with an Xoo-susceptible rice cultivar ( Oryza sativa L. cv. Nippon-
bare) to study the effects of silicon(Si) on disease development, concentrations of malondialdehyde( MDA) and hydrogen
peroxide (H,0,) , activities of superoxide dismutase(SOD), catalase (CAT), lipoxygenase (LOX), peroxidase (POD)
and ascorbate peroxidase (APX) in leaves inoculated with Xoo strain. Si addition could significantly decrease the rice
severity index of bacterial blight, with the relative immunization efficiency of 62.86% . The concentrations of MDA and
H,0, in Si-amended rice plants were increased significantly during a 48 —h-period of time after inoculation with Xoo strain.
Activities of SOD and LOX were significantly higher but those of CAT , POD and APX were lower in Si-amended plants than
in Si-deprived plants, resulting in accumulation of H,0, in plants and intensification of membrane lipid peroxidation. It is
concluded that Si can enchance rice resistance to bacterial blight through regulating the antioxidant defense system and
trigering hypersensitive reaction(HR) and Si is involved in physiological and biochemical metabolisms in plants.
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KFEEMAREAE = EERE ERERMA,
Gt AR EEDERN 0%, EREERBE
KRBRAES, Kb hEZRAHERARTE
( Xanthomonas oryzae pv. Oryzae) 5| B B P 75 2
T 5 KR8 A2 7= BB ™ BB 40 B A, R PR K A
AFEHEEEAYREZ —, A THMHARE—F4%
EHRE MFEARPIERRE A, L5 W H
BERELSREER, Bk, IR BRKEE
AR TERERE, AR TAEENRELE L,

BEENBEM T ETE _ABREETNITE,
HREY IR, R Y A K. A REETE K
BREFRER,MMASMT KEMTFE, See-
bold %I BFST AN, AMIRE A AE S R BS & A,
AT A SR A B AL R, AR R 1R 8 2k
WP 22% —75% ;3 Rodrigues £ UIP I R0, b5 e
R (0—~1.92 g/pot) , AMFHBER B R
K/ 18 98 RO B KW BE S B o Bl 2> 37 %
40% \52% 1 24 % o BT A%k 7R SR K A8 AR F P I
MRBESEHERBER SR HESHERT R
WA E A EEXT B 40 B 5| B K A8 B AR ST
RIBFSE, E A L ARE . AL B B B AR
) 7K RS &% # H 2<B5 ( Oryza sativa L. cv. Nipponbare)
kR R T REX KRR A PR RS S
MEEERSHETMRRXR, UHBREER
FKFEL B A B AR BRAL R, O R R T LR F B IR
16 M 3R HE R KR
1 eSS
1.1 g

B R B F R AR ( Oryza sativa L. cv.
Nipponbare) B H B Rk B} % B fE ¥ BF 5 BT 4@ 46, K
TR B Xoo (/N JXOI) i A B AR M B2 Be B 4
R PrE M, wE %A A NaSio, -
9H,0, HE AL 2 R AE k3 R At ol . ¥ Ak
i Kimura B B 5110, 85 32 2R I O R0 3% 2
(NASEFH)T,

1.2 R#EF
1.2.1 JKMEHEF

BAKBEMTH 0.5 K KRNABEBIFEE 15 min
J& AR AKBIE vh v, R A 48 h, BB 30C T #
FREEALSEZAFTEHAERSF. SR M0
—if B E 8 LM AAWILE R BRI P 5,

WA Kimura B EHR B, F—RAEH 12 KER
Kimura BEFR, ~ AR B EBRIAZTLERR
FEMARKRBEATEREZERN, BRLEFE 14
h, YeHE B 4E 35 IR 25°C, 658 4 400 pmol/ (m?+s),
IR 20°C 4+ 10 hy HXNBE R 70%; 2 K&
S, BR3JEHR 1 KRERE,B2dH 1K pHHE,
pHEREZ 5.6, BENERABNETE HEMHE AL
FREIHFTT 36 do
1.2.2 BEWKISMER

BARFET 4CIKA TR NA RHEEFRE
E2B8CTHAER 24, RABRERKEEFRELT 28
CKRBHRGEFR 1d. DOWERE ,HXHKE
DEE 2K, BERMEAEKEH 10° cfu/mL B 405
B, WE WM,
1.3 RBEFiTMaE
1.3.1 PRBRRE REK2MNEHE: 1) AR
BM(-Si+P); 2)MEEEM(+Si+P), ML
KW —EBE4AKES 1.7 mmol/L Si B Kimura B &
FBEFR  ABELEOBRE - EERKELTHERN
Kimura B EFR T, S MBELE 3K, YKBES
b8 B, A 10° cfu/mL B4 40 78 B B R SR, 35
FEZENARFIEE 5% L, Ef)E5E 20 d HER
B E
132 HEAKREBEHERE RABRER
(+SORMAMRE( - Si)2 M HE, FMBEER 3
Ko bBZHI, KRBRE -EHEEKEATHN
Kimura B BB FRF . HABERF T H T,
AT BRI, ML A A 1.7 mmol/L Si
# Kimura B E 2B HFBRARELHEBEFRE, AL
HMSEFHALREERE ., LA 10° cfu/mL K 4158
BB R RS ENREBE SR E,

i i R B i R, X TRt AR &
B0 4y HI7E 0 h(HERHT) MG 55 12.24.48.72
M6 hREKTBHIE 3.4 A, HRAL %G, &
-CTRE ATHNER _B . JELENTERM
EEA RS S SR BE SR SR LY
i FOHT IR I BR 5 AL 0 A Y
1.4 WEF*
1.4.1 JBE A (LOX)WEHMKN _#(MDA) S &
BWE HERERSEZEZELPIRTE. KRR
0.5 g HEMIMBEEME , M AFA K 50 mmol/L B R
W (pH 7.0,% 1% PVP)4 mL &3 ,4°C 16000 x g
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B0 20 min, EEBAHBR, B TERSMH
(LOX) Y& ¥4 BT FPT — % (MDA) & 2l 5 .

LOX 35 ¥ 5 #% Sekizawa 21018 05 ¥, IR
Bt RMEARA: 2 mL & 1 mmol/L i FR iY
50 mmol/L BFERZE vh ¥ (pH 7.0) IS 0.1 mL, )X JE
BT 30°C KWL 20 min S5 0.1 mL 0.1 mol/L
HCl &1k KR, 2R )5 F 2 ml 2 Tk 38 B B 7= 497, B
1.0 mL Z BHE BN 2.0 mL 95% Z B, #8450 )5 W &
240 nm T H) OD {H. B8 ¥ 1 B0 ODys/ (mg -
min), protein FE7 o

FoESENES B A% H %, MDA
B nmol/g, FW £,

1.42 FEMAR(H0,) EBKWE Z ] Jaleel
%[lz]ﬁgﬁ%,}lzoz mﬁﬁﬁﬁ p.mol/g, Fw %/j_:\‘o
1.4.3 @EAY I ALEE (SOD) . i3 E AL S 5§ (CAT)
P M BR AL W BE (APX) S HEI i MER IR R
IZH Sato Y %M %

SOD ¥ 4l 2 5 B 22 & 4 %51 i 7 ik, SOD 1L
& J1 4104 U/mg, protein;

EA S (CAT) WE R I € 2 B Cakmak F1
Marschner''*) ) J7 ¥, B¢ &% v it B Ak S B VS H
AAyy/ (g min) , protein 7R ;

LI ML BR o S AL ¥ B8 (APX) WM E 5 I

Nakano F1 Asadal’®! B B, APX 1§ # D
AAygy/(g+min) , protein R o
1.4.4 JEALYE(POD)FEHME 28 Qn M
Tian!7V R 77 5, POD B35 4 AAy/ (mg* min) , pro-
tein 2278 o
145 EERSERNE HEERIENZE X
Fi Bradford " 7 2k , I DR G - 250 WU 5E
HEEHE, U4 MEES (BSA) MinEER .
1.4.6 WEBEAE HELZTPEE 1990 FR
AR ERE T, T AR KK
BEREESR AR LR PR 43K BE R ST IR
SREGHRESR. RESFIRENT : 0 SR
<0.2 em(BY O AU B TARBIBIIR) 51 0.2 em<
R <l Sem;3 &% 1.5em<siEHF<3.0cem;5% 3.0
em<FEH<5.0em;7H 5.0 em<siFHF <10 em; 9 R
WREAE 10.0 cm PA B FRIETR A BTGB RN ITE
ARN:

WRBRE = 2 (FWEM B < HRARME)/
(FtF B3 x B R R AR x 100

BEinR = (BRI R R - BB HERE)/
ot B9 176 8 A

HEHREUIAEIN PR + MEEERS,
HERA  RBRHETER BEWEIH

2 GRFH

2.1 BHAKEBAHERHER

i Ak BB 2 R AR AR B AR IR B 1 B
REARTE (+ SR E R R HEREAL R ( - SR TE
FEBUK 41.48% , BHIER B 60% Dk E(F 1), &®H
RERE B R KA X B R P

F1 EXABAEMEHREFRBESNR MM ERR
Table 1 Effects of silicon applied on bacterial blight

development in rice leaves

RRAZ AR B 16 3R
Treatments Highest disease Severity Efficiency
reatmen level index (%)
-Si+P 9 66.09+5.69 a —
+Si+P 5 24.61+4.41b 62.86+4.82

HE(Note): FEBARFHRAGEMERE 5% BEKF

Different letters following the values means significant at 5% level.

22 MEMBEMAHBFENKBHAR_B
(MDA)#id &4 £ (H,0,) & B0

KABFERRY: 5 it AR B JE , N — 8 (MDA) it
S (K0, EESH MMM /LGS, B 1%
M, EemES5E, Mo MRERE, I 8%
(MDA) flig AL R (H,0,) B H B F T &, b 72
h iR B R MR AL 3 B A IR BE K, LG,
AHEREAL R & T HEREAL A . BEPH MRk RE B 3%
2% MDA 1 H,0, EH WA AR R, R EEIE
£,

2.3 MEMBEMAHSERENABHRTIEXLE
B ( CAT) F1#8 & 4L ¥ 5 1L B2 (SOD) i HE My & I

B & 2a AT 401, 0 by 3 AL SRS (CAT) WE M TE
MREE &Y 12 h WRE T, 12 ~24 h WZEH H
R THMETN KT, 24 h DUS , AHEREAL
B CAT ¥& MR B i, 3R 7E 48 h X B 5 &, B ek
LI 1.49 15, lWEREEHE MR KT . MRk E
M H CAT {EHE7E 24 —48 h AR A TI%,48 h Z 5 &
AR, P9 h HEEEES TAERELHE,

B b B R R S, G e R RS i e ALk L A B AR
Ay AL B8 (SOD) W& A (ks #— 2, RSB IR
B, B, ML EBR ARG A
PO REALRTE 24 h iR B IEAE , T A M Ak AL B AE 48
h X B 0&ME (B 2b) . BARE R, MAEAL IR SOD 18
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Fig.1 Change of H,0, and MDA contents in leaves of Xoo-infected rice seedlings treated with or without silicon
[ (Note): * RARFER—M AT, MEMAMELEE P< 0.5 KFTEREE

% denote significant difference at P < 0.05 between + Si and - Si treatments at a same time-point. ]

7 —e—Si —a— s

6 L a

CAT Activity J5E AL S BgiE

[ A Azqe/(mg-min) , protein]
W
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BRE R (h)

Hours after inoculation

110 |  ——-Si —— 48i
100 b

90 |
80 *

70 r

(U/mg, protein)
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SOD activity #8447 510 B 15 4

B2 MEEEMEAEN TS LS EENES YL ERE R R
Fig.2 Changes of CAT and SOD activities in leaves of Xoo-infected rice seedlings treated with or without silicon
[E(Note): * FRARER—M KT, MEMAMELBEE P< 0.05 KFTEREE

% denote significant difference at P < 0.05 between + Si and - Si treatments at a same time-point. ]

HETAERLHE, DEE4RES HELES
SOD MTE M, Ml CAT TS M, R H,0, R R H#H
2.4 HEMBEMAHSFRENABHRTIELY
% ( POD) 1 Hi 4 1 B 3 & L ¥ 8 ( APX) FE A9 IR
IKAG I R B AR R S R R A L A A
HokAREM b, R ALY (POD)EH B EE B B
A e ek A0 B W Rk AL L T R BB K ( 3a) 6
BR BB, KRB e BB R AL
Y (APX)EHERY 12 h WRETH,12h JFX
PR EF(E 3b), 5 & LE(POD) RIMAEM,
AR LR TR, BEE—RBHE,
HaRE AL 38 7K 78 B B IR I BR S 4 Ak ) B8 (APX) 3E
O EFEMES 72 h A EABEMETR KT, 3
B i A BB S 2 0 B K o B2 5 Ak B (APX) YT
#,
2.5 MEMBEMAHERENABHRIESEAE®

(LOX) EER#m

BEMEMHMREE, ARLEKET A BES
YR AR LA (B 4) , W ESEM)S 12,72 h 1
W20, MEREAL IR IEME R E S T A AL
B ,4r 58 2.11 #1 1.85 ODyy/(mg- min), protein,
MG 1272 h 9, MREAL B KRS M A AR RS B8
HHEEETAGRLE, 2L G, ZEZRERAR
B%,

3 itig

IR Tk B R 7K A8 R B4 4R 1 R AL ) P
AR . —F RN, EEHRPREET
TYHRRENER, 1B Winslow ™ 44538 , K8 A F
EAREREFEEESHALASHEEAMER, M
Y Py R R B A ZE K AR I R ULAR,, 5 B2 40 M TE B
REALGIM R — B YRR, AU IEEEE 21
A, T L Uk A T A X 4 LR 0 AR 1 T2
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POD Activity 3T L W EEE P
[ 4 A4e/(mg-min) , protein]
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ER A (h
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40}

5r
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APX activity
UK M A B 1
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B ERTE (h

Hours after inoculation

B3 mEMEMEKkEHATSEYENETN®RTSECEREENR T
Fig.3 Changes of POD and APX activities in leaves of Xoo-infected rice seedlings treated with or without silicon
[E(Note): * FRARER—M KT, MEMAMELBEE P< 0.05 KFTEREE

% denote significant difference at P < 0.05 between + Si and - Si treatments at a same time-point. ]

—o— -Si —&— 4§j

25T
20
1.5

1.0 [

R &R

[ODy4¢/(ing'min), protein]

05 [

Lipoxygenase activity

0 12 24 48 72 9
EFEIE ()

Hours after inoculation
B4 BEXNEHEXKBHFESAEREENRT

Fig.4 Changes of LOX activity in leaves of Xoo-infected
rice seedlings treated with or without silicon
[H(Note) : * RAER—REAT, MEMAMELEE P<
0.05 KFTFZHFEBE * denote significant difference at P < 0.05 between

+ Si and - Si treatments at a same time-point. |

F—MRIIN R, BT 2 5 Y& R A
HEEABRZRPARBEEE, &8 — R I A BA LK
FESHS, MEFEN DER , BRERIURER
FIRTRE T WEREFHERP,

fg &6 B8 (LOX) AT @ i 3R BE IR 5 X E R W il
YRR G, B sh AR S AL IR A, Besh , AR ™=
WA LR HU B BT R RS S5 Y B P SR
N T (MDA) 2 R fig i E AL M B R s =, e
BAEA B A EAR — N ERERER, BENA
FEBRSEBED, £ SREE DAL
B, SR (H0,) FEMR RS HEY IR KA
HEBEUNXR, MARRERZND , LELE
(H0.) WP B FATENERAES T HE:
DEZWMHNEFRES; )3 RFERELL

ik, SECGT BRI (HR) 5 3) 48 25 27 3 40 M BE I K R
AN 40 HRRE S5 4 B 1 W SR BR , 11 45 41 FR BE B 45 M 15
DABESR , R IR B 12 e S5 M 7 A A 3 B A R R
Z—; A)BEFHREN AR AMREREN, &
B ROR B KRG R R (MDA) (i E Ak
H(H0,) FBAIBE S 5 (LOX) 15 M 2 3B B 1 BL
B 7, B AR R B R KA A P R (MDA) |
B EAE (H,0,) & B s & A 8 (LOX) &, n5&
ARGt &AL, 51 & a3 UK B (HR) , DA T 32 & K 7 X
A R B

AE 4 B A TR e B e (R Y T 2 — R R [
EHEREFA MR, R Y PR R B R
fEZ—  BREFEMYHBRERLNEEREZ
— TEAEY SRR FRM AR g R B
WA R4 MR S AL R B R B, T R B A
SEMEAERE R S KPR, HiR MR
1t EAL Y B (APX) 13 E L #18§ (POD) F1 i E AL S g
(CAT) RE BRI EME (H0,) EE, KTE  ERE
EMEYZIRERBRLE, HANEEERE R
BiES RS R A, 5D PR
26271 | gt R & BIRE 5r J2 B |, Tk B 348 SR AR BT R
BRIV I 46 B0 M) 5F 4R ot i CAT. POD. SOD B§ i) 3%
W, ZEREPITEIAN I EHKEREREE,
MarE ] B B 42 & 1% &b P Bt i POD. CAT, SOD ¥
P RS MDA &8, KERZRAB L REN, K
EEMARREG , NEE A MDA & B B4k LK
FkrEsb 3, SOD EHRA R FoLEAE MBS
4 d fnaEAb3E SOD ¥ HEERAT , H POD WM B & , M
Bt AL 3 Y POD TE PR AR, RUIEEHE R T SOD A
POD Z I Th i 1, BFpEREXT CAT A4
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