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Abstract

Rice sheath blight is the first of the three major rice diseases which cause serious economic losses.
In order to further understand rice defensive enzyme activity and the resistance of rice sheath
blight induced by selenium and silicon, the dynamic changes in PPO, CAT and PAL activities in rice
leaves and relative control effect induced by silicon and selenium and inoculation with Rhizocto-
nia solani were studied. The results showed that PPO, CAT and PAL activities in Si and Se supplied
rice plants were higher than those of the control groups. After being inoculated of Rhizoctonia
solani, the treatment with 5.0 pg/mL of sodium selenite and 15.0 pg/mL of silicon dioxide had the
best disease-resistant effect, the rice plants supplied with Si and Se had significantly lower disease
index with relative control effect of 47.43% and 41.27%, respectively, compared to those of the
control groups. Regardless of whether the Rhizoctonia solani was inoculated, the plant height and
fresh weight of rice were significantly higher than those of the control groups. No significant dif-
ferences in PPO, CATHI PAL activities were found between Si and Se.
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1. 51§

IKFEEGIR R KFE = R EZ —, — i KRB 10%~30%, = HEE I8 50% [1]. 5k [E B4
[217EAJF FURE X 48 550 /K R AR HH SRS T3 B O 2 M sk B, e B8 B ARG /K R AR I SRS 3 R A2 2 . 1991 4F,
Razak JE LA 7 & BUAR AT AR ATk /D VR 9 ) R BB Mo 2, TR R AR K R o o JE K (3],
FEAA T — R A A B AR AL S SRS S AR S B, OS2 185 BN, 55 T Ak R G PuwtE[4] [5] [6].
KIALOR, g xt FiRW S AR il (HBORRZ R 70k B, RERIAE AT RS SRR RS, )
Wb DEEA, S ECS R B MEAR AT R R R R PR AR SSBEE E AP, AT B AR R O P00 T
[7][8] [9] [10]. ASHIF 4T LAy B SUR I /KRG S AN 78 J9bbkl, WE9T T SURS B a5, A R AIAl 7
TR X ORI I BT DA R 3o 7R A K AR 7K R A 1A (87 10 A 5 8 £14) 54
2. MRS &

2.1, #iRkIERmFh

FA 78,

2.2. HAEH

JKFE L7 B (Rhizoctonia solani) Ze Ul K AP R4 = B AR i AT S 4 L 5 5230 =
2.3. iR
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2.4, FEFNHE

FHKS 25 H 1 R T HERR AR EL Na,SeO5 0.100 g 1 Si0, 0.100 g, 4R J5 20 il FH 2818 7K 5& 28 31 1000 mL, Fe
FR A 100 pg/mL (I BRER o SIZE6 I 4 BEVRBC R AS [R) VR 11 NapSeO s v AT FIAS [R] 1R FE 1 Si0, ¥ Wi 5 H o

2.5, IKFEMME

e et U I 78 K FE A1 1EAE S% IR GEUIRINIERA 10 min, 2R )& H E R wii 3 7K,
FIEEKYE 2 1K, feJa KR 24 ho REPEARERCE 78 0 IR ARG IR LA, AR HERD 7T B R ML AP - £E
30°CH#JHE [ AR (K26 AF T35 H 48 ho A5 1A 28 IR AL H A U8 L A IR B P R

2.6. ILARERSARN — SN KIERSHEFIIFER

TERF AN XoF 7K R SOA 975 B S SOR 976 (V05 i A6 s B, WA T AR R BIE A 1% S IR EE VU BN T
5 pg/mL, —EAEE S SR ETEE/NT 15 pg/mL. P B A R4N5 - S /K RS 5 SURG IR A6
4 5.0 pg/mL+ 2.5 pg/mL+ 1.0 pg/mL 1 0.5 pg/mL; 484 HE 5 5 /K FEPTSORS I B3R BE 16 5 15.0 pg/mlL.
10.0 pg/mL. 5.0 ug/mL. 2.5 pg/mL F1 1.0 pg/mL; ZE/K{E A%E .,

W AN TR JEE 10 ST I 0 — SR VA VR PG A B 38 = — O R KRR I b, DA il B
W E . RIS 15 MOKFEN 1AM, WE 3 WER. TS 48 h KA B 48 fok el
R, FHOKEE ) 7 mm 3T FLEREEE R 2 d IR RSN 1 4T LI B 7 I 35 h Tk Ag - B Ak, Heph
JE K KRB R TR TR N 28°C~30°C, 1B/ 85% /47, JER 12 h 5 s 12 h JeHE R 1600 Lx 53
B, RSN, T 10 d JEREKRESOMIE R IRTE L. KRESUR R S5 4% DU 41 4«
02, AWM 1%, 53 M LUREMEE. M AdE: 290 5 2 DM DUR &, i ko 3
G, TR R 4 G, AVRRTR, TRFIETI. IHEURIE TR AR ACR, H DPS #ART 4
T

WTETREL = YR ORMREL x A R (A S AREL x S i) x 100.

PR (%) = W RO TS FE 2L — A0 HR 5 a2 ot P 5 P 4 x 100.

2.7. TEHEREAFI — S AEERKIEEREMENT N

IKFEG = — 3R, 433 B Wit 300 mL [ 5 pg/mL EARERENE W . 15 png/mL — A LS R TE
TR BN+ — AR (L 1) VAR AN TR AR B, DA 7K At R o [R] R34 B it 300 miL (1) 5 pg/mL IV A BRAMVE T -
15 pg/mL SRR A RO AR B+ AR (L L)W UE T 48 h R BEMUK RS I, 0% IR AR FF
7£ 28°C~30°C. /¥ 85%. AFMNCFERE 3 WKER ., 25 d JGUEEREM, ZHMRFEMRTA, MEKFEkE
AR IR B IO EE R A SPSS 19.0 AT J7 22 43 #r e

2.8. THliEgHN. —SHEIHFEXKFEREX G HEEE RN

X =i — AR KA AT 5 S B SR U AL B . SEB0SE i 6 /MALER, FRAbEE 25 MROKFE4)
W, WIWHEE. WL 1. WHRWNAES + W; A8 2. UMRRMNES + KRB, &3 ik
W+ W A 4. CEWEEES + RIEE; A0EE 5 XTIR(CKL)4iK + R AbEE 6: XTHE(CK2)
afi7K + R¥EW. 6 MO KRBT S MmitE, WSS 48 h #:5, 2 T4 )5 0d. 1d.
2d. 3d. 5d. 7dA19d &b KA AR FERRALEU F, O EEE . AN AN 4
O3RN 8 2 Wy EALEF(PPO). it AL A BE (CAT)RIZE N R R A & B (PAL) TS 4 [11] [12] [13].
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3. BZRESH
3.1. FiRERSFN — SR K FBstmES1ER
3.1.1. AERE T AERSNIFE SKTBRAARBIER

7 1 afLUE W, LA ST IR IR RIE 92.42%, RtEfa%ily 91.11. SXFIRAHLL, &k abH
(R 7K R 28 KO S R AR T a2 . BEE T AR R AR B 48 b, 50 O SR it oy, AS [ R i) f 42
WMRGAEREZERGE L, K1), RN E N 2.5~5.0 ng/mL AL %95 201 IE 40%.

Table 1. The effect of sodium selenite on rice resistance to Sheath blight

= 1. IWARER SRS SRR AU R AT AR

7 S (ng/mL) T SRS TREREL SLESCD) LGAEELE:S ERRR (%)
5.0 42 36 85.71 54.28e 41.27d
25 43 37 86.05 55.89% 39.53d
1.0 44 39 88.64 67.45d 27.02¢
0.5 44 39 88.64 74.44c 19.45b
0.1 45 38 84.44 80.28b 13.14a
ck 45 41 92.42 91.11a

E: RPFE—FH NG FRAR, RN R % ER(p <0.05), THH.

| N\
4N
"1 p
l i B
‘(“ Tt» \

i’ !l"" I

Figure 1. The incidence of rice sheath blight induced by sodium selenite at different con-
centrations, Note: (a), (b), (c), (d), (e) and (f) were incidence of rice sheath blight induced
by sodium selenite concentration of 5.0, 2.5, 1.0, 0.5, 0.1 and 0 pg/mL, respectively

1. FELRE ILREL IS S EKFBIEREARIER. (@) (b)s (©). (d). (e)F(F)5 7l
450, 25. 1.0v 05 0.1 pg/mL IEFRBELEAFA B 7K 3T BRALIR B & R 1B 5L
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3.1.2. FEIRE =S HEFSKBRLHHHOHER

PLafi 7K Axt B R R akik 92.31%, JRIETRECH 86.66, SACFESXTHEAHLL, BEE —EAEEIRE T
B0, F5 BRI N 2), AN R E 1R 428 8 WORAFAE 8.3 22 e (2 2, 8] 2), AR 2 10.0~15.0
pg/mL AL FRFE IR AR KT 46%.

3.2. WFNEESES R KEHEE R

321 MEEEHE(PPO)TEMRIRN
151 3(a) T 40, ZARALFLR PPO T T RAMIALHE, 26 + H7E A 3E PPO JHIE/EVIII 2 b THE
%, TH 3dIAFEME, EUAN + AHEEES 122 6%, WRES + EEAER 1.20 5. HE 3(b)rk, £
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FEALPR) PPO G TR AEREALHE, 260 + $E A3 PPO TG TETEVI 2 LI %, 55 1 d IR BIEAE,
EbhE + AR & 116 1%, LLARFS + BReFE S 1.21 .

Table 2. The effect of silica on rice resistance to Sheath blight
2. ZE WIS SKIEMEUHRAERBR

1% S (ug/mL) B TTREL R (%) AR R R (%)
15.0 38 30 78.95 45.56f 47.43d
10.0 38 31 81.58 49.80e 46.12d
5.0 38 29 76.32 62.89d 31.95¢
25 39 32 82.05 74.00c 19.93b
1.0 39 33 84.62 83.33b 9.84a
ck 39 36 92.31 86.66a

Figure 2. The incidence of rice sheath blight induced by silica at different concentrations,
Note: (a), (b), (c), (d), (e) and (f) was incidence of rice sheath blight induced by silica concen-
tration of 5.0, 2.5, 1.0, 0.5, 0.1 and 0 pg/mL, respectively

E 2. FEREZSARFESERBYUHEHRLHBER. E: (@, (b). (¢)\ (d). (e)F(F)
57579 15.0, 10.0v 5.0\ 25, 1.0 pg/mL Z|EWEERFK X RULIRH L HIH I
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Figure 3. Effect of different inducers on PPO activity in rice leaves. Note: “+” indicates in-
oculation; “—" indicates no inoculation, (a) indicate treatment of sodium selenite; (b) indicate
treatment of silica
3. FEIFSFIXKFER F PPO BEFEMAIRIN. JE: “+7 RREE; “ REPE

B (2) ALMERINES; (b) AZEUEES
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3.2.2. T FWEE(CAT)EMRIR T

B 4(@) T 50, 20l + B2 A EE CAT JEMEEYII 2 POE A%, T35 3d IARE(E, Ll + &
FEp i 1.20 %5, LERIBES + WG 112 5, B8 TR, E8ANNE SN CAT IFESm T RiES +
B RES + DEFEAH, 20 + NERHOH CAT iHMEEPuE s, 5 1d L3I, 5
PUB TR, HAES 7 d IARIRAME, BX ETt. HE 4b)rTA, SR + B0 CAT isHAEYIINE -
THEa%, T4 3d BB, WRES + HEm 15815, FREE N, 4 + REELRE CAT
VIR POE B, T 3d AR, e + B 138 %, WRES + HEm L9, 5
MR TR, #5dARRIGME, 58 7dARH—MEE, BT 3dEEGE.

—— T+ = il R+ == R —— T+~ i R == R
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Figure 4. Effect of different inducers on CAT activity in rice leaves. Note: “+” indicates inocula-
tion; “—” indicates no inoculation, (a) indicate treatment of sodium selenite; (b) indicate treat-

ment of silica
4. FRIFSFIXKFE R CAT BEEMAENM. iF: “+" £RERE; ) RRIAER;
() ALMELNIFS; )AZELRES

3.2.3. MERTEBEEE(PAL)EERITN

B ()T, 26l + HEE AL PAL VETEAEVIA R Loba%s, T58 3 d IARIIEE, Uil + AEH
B 1.30 1%, ELRiFES + BT 1.40 £, HEAMNIE SN PAL GG TRIAS + BH. £FES +
ANEFEGHE; 2 + AEFEAAE PAL WEHEVIASRE E7F, T2 1d BB ME, Amts T + 88
WhFE, HAESE 7 d kB 5 —ANEE, (AICTE8 1d (s, I S0h)rT . Sk + HERAIMEE + A%
WALEE PAL WEPERAGEAAME, EVIHE EFEA, T8 3 d ABE, MESTRES + &K, R
FS + SR PAL T, 5 B R, HAE + AN E SN PAL EH S TRE + 3
BRI AR

3.3. MR HEFE S AR KIEERE BRI

3.3.1. WREFS KBRS

Yot B8 PR B 2L AN AN 2 1 AL IR /KRS P 20 kK v 43 oA 33.29 em A1 32,70 em. 4 S ALKE IS SAER S, K
FERE MR B 2H P 3k ik 39.13 em, AEHEA Pk Ak 39.59 ecm, & WANERAN T T 5, KAGHEMk
B A kL 39.10 om, AEEEACF Mk EX 39.48 cm, SXHEMLEL, A ERKEE; 2HFES
FFE A G IR FETC IR 2 B PRGSO B, /K FERE R IR i 02 3 v T R A (R i i 4K, 2
AFEE N, WS 6], WEBHTEREESR, U KT AR A K B R R (L 3).
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Figure 5. Effect of different inducers on PAL activity in rice leaves. Note: “+” indicates inoculation;
“—" indicates no inoculation, (a) indicate treatment of sodium selenite; (b) indicate treatment of silica

5. FRIFSHXKFEM F PAL BESEMMSFND. E: “+7 RREE; 7 RERTEE; @)
AETERINES; O)A-EURIES
Table 3. The effect of inducer induction on plant height of rice
@ 3. BSFIESIKFEER RS R
s e HUbR R (o) LA
(p=0.05) (p=0.01)
fik+ 30 39.13 a A
o 30 39.59 a A
fili+ 30 39.10 a A
fili— 30 39.48 a A
47K+ 30 33.29 b B
afiK- 30 32.70 b B

e 4T ROREEW 7 RN

3.3.2. fili % hEE SR FEtEMR S E IR

2 AR S, KRR R AT S EIA 19.77 g, AEHAT L EIL 19.619, WEE
FARE; WRE PG, KEERE AT YA 20.00 g, AEREAT i HEIL 19.39 g,
P ZE AN B SRS A F S (K RO 2 TR MUK R SR 8, /K AR B AR B 2 & T
X (RAWIIEZAEK), RS AR, S E, SEEST R R, UM LT T e KA

KRR (R 4).

Table 4. The effect of inducer induction on plant weight of rice

® 4. BSFESIPKFEEREERFNT

ZE SR
Qb AR PR 2 (g)
(p=0.05) (p=0.01)

fif+ 30 19.77 a A
fit- 30 19.61 a A
i+ 30 20.09 a A
- 30 19.39 a A

alizK+ 30 17.50 b B

2K 30 15.91 b B

e 47 ROREEW; -7 RANER.
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4. INESITR

SGEREH], FHIEANEREN 5.0 pg/mL A1 S AbEE 15.0 pg/mL % S/KAE, BEH SR /K REHLSOR 7 K RE
71, BRBER DRI 41.27%H1 47.43%. [N, 26, mEif S e AR EMUKRESR R R, KRk
IR ke B B 5 5 HEAH U3 BB I F o X S0 A DG T AR o] DARRARAE Y 35 R A 2, S i ) i
RETHIWE A4 R —B[11] [12] [13] [14].

Z YA NER(PPO) . 1T E ARG (CAT) FHIZK A 2 W2 fif 20 B (PAL) 55815 5 R4 P By 1 s A O, 3X
SEFETE — B R LR TR BUR MBS . AT T SR B IS, AR R R X S0k I B
s AR 78 RN B A GBI R . 25 SRR, BEEROKRE SRR R S5, ARG 2 Ak 35 AN P e ARG
R AL, FEMRIA A PPO. CAT H1 PAL A IS AHEME sy, FREANAN 5 A i Al
Tl b B 2 8] PR B2 AN K. P RERIAR 1755 BE TR T AR A ) S PP DRI A B AR AR N, AT L
o SR AR G o AR AT S AU L) S F i AR 2 7 R = oE i), FEAN R R T i,
WA REAIE X BT A 105 SHUENLEI A 2L [11]. DI, SPREAARE i S A BTN LI TH A 740 5 i —
RN, DU 4 T A T AR s R AT () 00 ML A1

HAET, KRS FEER AR AYE, HTHS R RKE RG], 15 KREE %
BT RZ F2A T g, AMUBRIRZ R, Bl B 24 5% B8 AN B A AR A R 5 e o) i, ARG R 25
Bt gk . A FOEE . SRR, ARl KRS RE T, SREPTRRACR, AKEE
SURGTR I 2R BB ER A T R

E&WE

LR T SR I H KRS 2 L T SR 4 B AR 24 it R o R R T 7T(1804a07020139) A [E 5K
o SR I E KA R KRR A IR AR 24 vt R R S Ot 7T 5 7R Y i H (2016 Y FD0200806) 5 B
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