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Application of biopesticide against rice blast and analysis of its prospect
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Abstract Rice blast caused by Magnaporthe oryzae as the worldwide rice disease is an important factor to influ-
ence high and stable yield. Chemical pesticides and disease-resistant varieties potentially effective control rice blast
in present. But the physiological race of Magnaporthe oryzae changes easily and the breeding time for cultivar-re-
sistance is long. Especially, chemicals yet pose residual toxicity and environmental pollution. Therefore, it reaches
extremely urgent for rice industry in sustainable development to finding an effective way to bio-control rice blast.
Biopesticide is the important fungicide with some priorities including low residue, efficient, no pollution to the en-
vironment and not easy resistant to pathogens. Biopesticides commonly used to control rice blast include microor-
ganism drugs, botanical drugs and phytoalexin. This study aims to summarize mechanism and application of bio-
pesticide against rice blast and analysis of its prospect.

rice blast; bio-control;

Key words biopesticide; Magnaporthe oryzae

Plant Protection

KA F R E AR EEY, 22Kk
S0V NI FARAE D o R g I A T S
W E AR E 2 BA R LR 5
TUATFGAG ) Z B R A FERA T TG I 3 R 22
1 HEL )@ B R ELE Pyricularia (= Piricularia)
grisea(Cooke) Sacc. . A VENH A FHEE ] E BT
H E 5% @ 1) Magna porthe oryzae (Hebert) Yae-
gashi & Udagawa, Rl IR 5 o b 4% 1499 [ 1 75
BV RIS B I K A R A L AR AR
K AL  AEAK T ) 2 A 26 B 0 FIAR B 1) 4% 1> 2H 1

Wi HEE: 2016-11-19 1&iTHHE: 2017-03-27

EEUH: T ERMBABERHIE S %4 (NKY]-16-26)
BKZ .  E-mail: yuexiasha@126. com

WAL AL R AR e o AR R AR E AR AN [7] 23 D
IR L YR BRI R SUR A A RLE 5

REIRLI o AT AR L 2 AR 4 i A 85 AN %A &
A SRR YIRS DX B ™ E L Hrp H A e [ L B
e ] B oy 7 o R AR A 3 A 3006 B K
P ge—— AT AFENE 6 T AN Gk
o 700423 7T 7 I R TSI, 1975 —
1990 4F BRI RRE A 5 D A ET I R w1k 1. 6 42 s
1975—2000 4F ] 4x th 5L 1196~ 30 % A e FH DR A gk
I AURLICHR o SR FHBUG R FIG 2 AR 25 2 By i




. 28 . 490 44 25 2017

Ferd 1) Sy 2 AP0 S RN FE R A R
FHTLIR M S e 2% 1) T L, A 2 4% T 791 11 3k B 2 %) R
KA 2 PR B8 36 TS G R R R WA S e A i 2l
PETT DR R AR AR 2 B A R A KR 7l
CIESEs 9 330

A= Wy B i T A S AR AR A i A
TV BT 7 36 9o JE 1T 8 ER A % 5 LA B 8 9 AL ) A=
K- . Bacon 45 i3 P4 A= A B 2F AT B
Bacillus subtilis 7] L5 IR Fusarium mo-
nili forme T4 ERMEMRARIN B4 AL AT 0 ]
95 1 & 4P, Manikandan il Sathiyabamal'>! fiJf
FEARGE T e MR R R B R T R B R
WFIMIRCR . TR P AR A 2 2
AR L) FEPIRAR TR IR R . AL E LR
T AR 2 LRI BT v T %) AR B AL A R FH R
AR B A W AR 2 T IR B 1A HH R TS

1 FREMRARETHEERIILE

1.1 EFEREERNERIE

LR TE B VA FERRLA A A B AL 4 B2 A AR
IR E S Al (S EINAREEE o /1 7/ DD o o (oA K e
B LT AT LA A B R T ) O A AR
TR T 1R A S5 A T 180 L m] LA WA 4T 4E 2R it
SR A SR A LT o TS KA I T A O
PR AREE R T 2 LT R 4E R . Al %0
FRMASE Trichoderma T2 W] LLyE ik R v 14 14
22 BE I H B8 53 B 2245 i - DT R AR R R 5 1 119
Uk, Zhang 21 0 B #9 5 Curvulana sp.
FHOL = 2 28 — H R T & 5 T fis (phthalic acid
butyl isobutyl ester) IS 4z & (radicinin) X #5485 5
BHA BE R ST LS RS EEY)
FRARE U T B AR5 S K AR R A PN AR )
TR I PEA ) B AR Ok AR A R A T R
T R T A 12 1 ) B8 A 5 B G 7L S i 2R A 5
Py R E T R R NF9 B iR
Fofr 184 iR 7K R A A D SR L 4 B0 R R Y 4L
PENS L Su SRS R B (A R P A ELTA R SR
M Harpophora oryzae AT ARSI A 7K R AR 5B A
5 FEi 1L KA IR (salicylic acid, SA) AT 115 5 5%
S5 SRR A B P B R T BURER A 1Y

b
He JJ o

1.2 HEBAETEER LR E

ANGR VR W AR 25— M s FU 8 HoAk:
B L ZAEAL L AE BT A AR T o A T 25 )AL A
A VB R A PURTESE . AERTE SR RUE
S BT B B S 3 e rs R IR i A )
ARG, RIS T 5 S0 I T 4= oK R a4t o5 A=
FEAS TR 58 A RE A B A R IR & . A= B
AN 1 A P T A 45 8 IR 58 R0 A5 (] 6 B
G EIRTEPRAR A B AR TE R SRS b 5 H A
A CRLAE I S D) 78 L BE AR e 37 AR KO B W
T MR AL KA B HEE R T R %
FFRICHE . Chaiharn &1 i i 1) B 5 25 f AT 1 B.
Sirmus [RYREIRS T 56 /KRS ) LA 78 3= o O o
Wh—FhIEERER G o FLAE AR AR B (%) 52 i BB 7 » AN
IRBNAERROR . 25 [ 58 A A48 A= By 4 T 7EAE )
HRBR A B P 5 A I 08 T 2R AR DL, Al
ZFMUFF CB-ROS5 W] LL7E 7K A 5 )2 200 1 P 4t ]
Bt A B R A 4 R AR G b R A A R
WS B 1Y AL . GFP bR ic (19 A 55 2F M 4T
SYXO04 F SYX20 1] LA 4 E 5 £ K R AR L 25 A
Fr B B e ag it

FEPU/E 48 — R AR LR A W o oAy 224K
THPIRT o —Fi AR R A K B B RIAVE T . A= B 4
Rl — AT 7 A B B B K 7K A Tl 5 22 ol R AR )
Jo T BRI T TR 22 T AR B 4 4] o2 AR
TR DA S 22 ot e . 8 FR B 2R MAT I Ba-
cillus methylotrophicus BC79 7= 4= 31 B 1 1 4 o ik
2 H FLEL 2 (phenaminomethylacetic acid) $J il F5 45
o T T 22 A KA AR A T L TR SRR AR
BC79 % BB R s 11 Bl IR s R 18 31 89. 872671,
R RLZF M AT I SYX20 Fi SYX04 & e85 57 K RE A% 175
il R IA AT A 2 2 B 0 3 A 0 200 e 0ol i
A ANE W IE SN R S T R A TR DA R AR L
T B-1, 3 BB B I

PR BAMTE Pseudomonas fluorescens pf7-14
Xof I AN ARSI (1 B AR 3 79 0 it 82 04 A= Bl ALl
S H AR PLE W P A E phenazine-l-carboxylic acid
(PCA) ] T R0 B A 2B KT, Yu 500 g
K 3 B B H A B3R Staphylococeus sp. B bR
LZ16 j= A 30 T 1% P ) o W 0 A% Wi R AL 1 (purine
nucleoside phosphorylase, PNP) , & 2 11 i 43 4= 1
TH R R E AN A MR . (A 30 E 5 1%



43 55 51

U AL AR SRR By 16 TP 1A P B it 2 B « 29 -

TR 5 VR AT I T A A R 1) A

Az 77 A0 B AN AT LA S0 ) s o 1 A G T EL
U A AR 7= W) RE 5175 A /K et Rk 7 26 o 14
RPEA S AEYPUREVE T . JTha 88 DOKFIAR R 75
BBV NZF A B, pumilus TS5 TR SN
P. pseudoalcaligenes, 0] DL 5 7K A8 B 18 AH o< fif
QLT B M 2 B A AL (PPO) S8 /9 7 1, 75 K
AR B B0 6 M o AT o A1 R 9 19 fi . De
Vleesschauwer 2558 2 1 . 2GR P, flu-
orescenswes WCS374r 43 Wb r= A 41 BA I 1 5 A 2k 25
A, i1 2R #[ B8 (jasmonic acid, JA)/Z % Cethylene,
ETH) {55 %% S 38 #9815 /K B8 A8 bk ™ 26 5 T B
P R GT R Y AR S0 . AR ZE AT A BBG111
P AR R R RR IR0 AR 2R | = it 3R 0 3 T 0 2 79 B ]
PAYE Sk WCS374r it P . SR HESRFTIR « L0
Y& HR (abscisic acid, ABA) FIAE#4E K £ (Auxin,
IAAfE SR, IR ILT TS E
1.3 HMZ&EPERERINERILH

R TR AT LA A 2 R0 T 3R 2R BT A= )
Je— M BT AR I T E BRI, A B L A
FRAE SRR A A AR R AR AR L A RE ) s B
AR G oY K PR 55 RS # Streptomyces endus
OsiSh-2 j74: JUT i 27 4 K i Sk R i e, ]
DA ARG TR A0 M RE s 7E 5 A LB R s 77 A
HhP A 5| L R AR R KRR 0 A K ZE BT 7K R AR I
P v BT Z2 80 A B LA DR [R) 4596 I BE /) . Prabav-
athy 5 WEERE B PMS 40 B BIPT K g IR AL &
¥y SPM5C-1 F1 SPM5C-2, SPM5C-1 i F5 4 95 1 114
W22 A B TS R AR R R R
(BRI B 76, 100, 3 84 K Ff 77 4. Zhang
SEDO NG IREERETN S, canus BYBO2 Hh 4y B 44K 1)
T PEA T 7 P B 1R 5 T e 2R ) R e T 7 22 4 K
3 A A6 A ELAG AR iR P 00 TR T 1 s R R A 114 B
REF 66. 876, FEAFMFE R 22 A K AR ik
FFL 1 A A i 2 B T A B 2R TR NKA13 B Ak M
LA 1y %o) R s o P 22 A5 ORI i R LA 3K
IRTASE LR (SEER
1.4 EWEREFEREERERILE

FEI IR A B RILE BT 1 7K A A o 1 2 B AL 1
FEAAFEEEPUE S SH0R M. PR R A
P R T T 22 AR A AR A R B M 4=
AN Z2IE I 3B A — SE R ) 52 I R LA R e 9

VAR BE A 25 1 . K SR SR B ke BUAT I T LA
RRER R B 200 B 114 22 Wl 45 40 o AN (EL RS I T T
LIRS T R R A LA B 4 2 B
T AR IR T 22 M A4 5 AR
I JEE RV A R S5 200 L 2 O 5 A T 2 K 2B T B 8
AR o PO L 3 BRI KRR R R DU
PRI SR AR R A T E . B A S50 ) T b 25T
BRI T KA 4 v BURRIRL - 5 5 /K A A
PR SR T R

2 EYKRGEBERIIEFINA

2.1 FAMEMRARBREER

TR PIAR 24 45 1 AR G A Wy AR I AR =5
THRARED B L BUFE B R AR K.
R E YA AN LR i dE . AR R b
T PR 25 K 20,5 30 %63, T B VA FE IR 1 L
A= WA 24 T B TR 2 AR R A 2
2.1.1 ADRAED

AR A AR T T A B i A, A
AR PRI TCIR A G 7 A B e S S A A
PEGF 23 T8 K T B7 85007 25 0 . TEK AR A2 7 2ok
e RS 1 B 8 9 9 A
N LT R T
Y B e Chaetomium®Y | - i #fl Bipo-
larisPS BRI & R Serratia marcescens %

GER7/P i Aot/ 1Rt R ANEN PR | o 3t R N
A . Wang 487 4385 (1 AR B B 0 4 9% B 52 18
Chaetomium aureum MF-91 R HAC I =4y 5 2
Tl RIS P P 22 2K L 0 A A6 11 A B B 3 LTS
PRI PRl A s 1) ] By ik 3] 66. 07 %0, AR %g
BA W25 A B 5 AR A 6 AR AR IR By 6 o
TR MAEY . XU T D R R R AR Trri-
choderma virens TY009 7= 4 $ii i 2 K 2 8 & » 50
10 pg/ml JEFERER 7351 58 A i R 1 23 2E
0171 & B2 M A T s Chaudhary 25557 i 18 ()
MR AE T. harzianum IRRI-3 1 IRRIA 38 13 &
T 75 2RI A R v R Y 1

ZEMUAF R XN R 24 TG YR i S T
NGy PP HUE TR P P R A AR A SR A
R AFIE G B R - i) EEEE i . Chaiharn S0
AZE [ L 18 7K R AR s R ] - 48 v 7 1) I i 2
MOFFH# Bacillus firmus D4, 1 P24 & 2 i, H g



« 30 . 490 44 25 2017

FEURVRON FEI R I Bl VA R 3k 7000 LA B /N
SEELO0T DT VR 200 A v 4 B R 2 PR T HW-14 %
2RI AR BN R B 00 0 P AR AR 18 mm L
. Taguchi 587 435 (1 Ak B 28 L FF 1 TK-1080 1%
TRV I I R AR T, 700 ~13. 804 Y
TR 52, 2% ~73. 5%, Shan 2204385 [ BTG 2%
U ) P B8 R AL 25 AT TR BCT9 15 FR IR MRTE IR %8 2%
FF % R 9 1 B TR AR iR 31 89. 90, Hernan-
dez-Rodriguez %5 1 i) 22 #k [ 08 26 Mo AT i, B
AW WA A A R T EL X A R B A ROR R .
Meng % B 5% & I B 28 LA B T429 K 770 % A
SR Y ) B 3 ORAE 77, 6%0~78. 5%, Naureen
ST KRR AR B 43 85 1 A 2 R 1 SPS2, i
PR WBPSL DA M BERE AT B, cereus 72 %t
v o By 4 ke o I XK FedE AR A 1 25 e 2B VR T
U H B ORI 2R TH 43 B KA 2 Bk 2
PR T L K T VKT I 1 T TR B AR 71 500 ~
85. 174 » X HUEL Y HI I RCH 63. 590 ~85. 60,

ML AR T B 2 B R 55 4 o A RE
158 AR HE R A B . TR IR B A 1
TEPRLRRLAT TR 2 B DOB R I B T BB i
Pseudomonas  putida™ 4, Prathuangwong
U Y BB CIREM B SPO0Ts X R AT B ifi
ROR 347 35K5 %) 52. 126, Amutharaj %% 3 B 1)
BT EATOS X e S5 T B 5 T PO JE s il
IRF] 9020 LA b, T A KA 323K B 7690, Gohel
SERCAr B 2 BRYSOB IR M . 7T LA R A R
T G

TR TR R BTG b T A R B Y A B A
P1. Oh F1 Lee i e (A AS005, A5314 K%
VRAE I 2 251 T 0T DL 2 08D R AR B . AR K g
S (1 K BE RS T D-2 #E PDA SPAH_E X A g
I TR PN TR R A B 92, 2%, DL AR 7). ik iR 80
PEZLARH X RS 1) [ B 5k 31 65. 69 00

Khalil 2557 M35 K 7K A H 448 v 43 B 0 3
50 W XoF et 9 g T EL AT 0 TR R A R TR . Tha-
wai "' JFR [ B oK AR R ZE rp 4y B A5 3 38 BRIk
T R A B B B TR RCR .
2.1.2 KAHLEER

Ky 2 S (blasctidini S) 2 K 0 7= {6 4% 5
Streptomyces griseochromogenes Fukun ;= 4= f) #%
HHRPUAER EH ) AR A2 XK

AT IL L L e U S5 R (2 2 YA T RO
REEEEZEBEHEEW S kasugaensis 724 1y & Fk
WA PR X RIRR A R B PR ROR .
AR WK B B AR R R (polaramy-
cin) Y P HRWE N 5 pg/mL Fl 10 pg/mL B,
Xof RIS PR 0L & A i 2840301y 95. 6 26 1 9924
Xt 22 KA R4 51 R 69. 5 %01 90%6 . IR
B P. pyrrocinia P24 FIRE LG H 2= (pyrrolin-
itrin) X AFIE I I B A T HUBCR R = AR R T
X FE B R A A B . I A AR AT
K& Norcardia sp. All 4ifk i 4¢ F ¥4k 2
A211, HALFLI 200 455 5 T8 WO R I Pl 1) 4900 1 4850
RAE 6020 LA b, XoF i (%) FH (R BR 47 A T7 08 40 5
J& 71 300R 61, 700 R BIE A B RUR: 59. 8%, BAE
SEAE000T MORE RE ZE AT 916 4fifk H ZF M F %S & ba-
cillomycin L X RS A9 B 20 2. Xiong 251 A
W2 S, padanus JAUA234 3 B AL 4 H
P2 E & antifungalmycin 702 5 ZU4 A 4590 B
& MO AN 53 A F 0 4 58 440 ) B 5 IE B, X6
O3 AT W & Pk B 95% ~ 100%, Zhang
SEL0] MRS AR FS T S, canus BYBO2 4lifh i85 %
(resistomycin) , 1Cs, =3. 8 pg/mlL B X I I PR R
22 KAIPHIRER R AT 1C50 =5. 6 pg/mlL B 434 78
T AAMHIHOR R AR S X R i
PR 58. 700 ~66. 820, JK # % R (griseofulvin)
MR mEPTRREYIA R BRI
A 225328, THUE B DNA G B I 224 R B 1Y
AR AR 25 . TRIERESE T R A
BROGFIRFA 2 L 7 K B 5 3R 1 J 7 8 GMI120-43 Xof
Fepi i EL Y Sl (%) 400 0V P 5 7RIS 1 B IA s K B
B RMRE 300 A% B 985 955 55 R s 1) T B 002
B 93. 76 0 53. 790 IRITROR 433 R 89. 206 i1
49. 21% Je—FP A R R AR 2 .
2.2 FAEHMERAMHEREER

FE P 5 A 245380 5 >R FHAE P 10 it e A7 B8 5 M
PREAIEPE LA s DL R o3 85 A4k i SR ) 5 R e
PRI I AR P 5 A 24 By v R i » 7 /K R 2B
e R ¥R HEAEH . Amadioha™ MUEIBE Aza-
dirachta indica Fp¥-H3E4 X RE HA B B PR
HORIRIEY . Lee S FIFRERIR Piper longum (1)
— A —— B PR A A TR R
I T G I 2 33% . Huo 451 ¥4 K 5 Schima



43 55 51

U AL AR SRR By 16 TP 1A P B it 2 B « 31 -

superba M-FIJCH T Sapindus mukorossi J Jz i) .
FEHR Y DL 30 4n 15 SRR EHD Ho & R B 7
AT B B PURER AR . TR R AR L TR
F IS AR S R R TR R B AR
FEVIE G R T 22 19 A 4 T 43 AR 46 F I 1 & . Rout
SETSIR FI ARG Aegle marmelos S B A
TR 0T e 9 TR 4 A 8L B ) A o R Gk B 81
9%, B AMF T X RS Y Bl 3R 3 67 %6 ~80%
XoF I ) FH ) B 8k 31 76 26 ~80 %%,
2.3 FABEKRZMHEEER

HP) PR T2 (phytoalexins, F FRAE IR ) J2 95 H
AP HEABTREE PER) — 2R W . RE
FRARD I D B 42 G o 52 B AR W B0 R A W ik 1) 7
IKFEREMRIR N LR G L. TR R UFEEIE R
(sakuranetin) ] 7 & (naringenin) . f§ 57 i (momi-
lactone) A Fl B, /K G Z (oryzalexin E)'7 . Hi gz
FRAMEAL IR OIS T3S SR 58 b n] DL il A s 1 7
LR R TR AR YK R T IS S AR
AR DR R REF2 6 Fepi e o 4 A - 1 e F I 22
A K BAT B A A T . Zhang 257 R
ISR MHAFS S K R LA 95 00 05 17 8 9 A A R e
fi£ 10. 8% ~17. 7%,

3 EYRGERERIERIEI RSN

3.1 £YMEREZBERNEENR

F X 5 AT 5 24700 B 25 R R = A
P R 2A 270 B R Ao P L o i A X AN RS
ANEA SRR & &L RE e H . b 15,
R KR SEPR T A A TS e . BB AL 2 ) K
AN EEAE T B (9 32 s AT MR 22 e Y 5K H
R RANIYE SR S N D P AR ER R NS AR e 40
YibiG . AR AR A RN 1 1E
RIS X N B LA SRS W i LR A (e AR ) A=
AR ATl R A E AR EOR . Ay — Ho
P A= D07 i (4 B, R AR A 2 B A R
T » AT AR E K 2 5 Bt DL B AR A4
OIS RS S UK R R A 25 R G
. TR FIHAALS IR B LRI B H B 2R
S BE EHA ) R R TR AT .
3.2 MASTFENFEARRREENEERNH

BAEYKE
A=t PR OGS R Rl 492 4 i 2 1A

TR T W AR R R B, BTV 2 BT A B
FIRTA e 7 B ORI AR
Ji R P 22 A 7 T ) A B AL AR AS B R o 2 1
KR, FIFHBAR T BOR A OCE R T8 7R
AW A 2K R e B R 1AL T HLAT B TR
NS A AR LB HLEE . FEBTVD T IR Serra-
tia marcescens B2 A& —Z A LT JREEFIREA , X5 RgE
o Tl ELAT B ) TR ROR 3 R] AT K RS AR B 7
B EIAN REAE KRG M8 A0E 5. Someya 557 5
[T S. marcescens B2 WHIJL T IR chiA, F|
FHBHE A HANG FeRE R T AT 7T DL KA I
AREEHE R Erwinia ananas NR-1 91, 54k )5
4 E. ananas NR-1 2 i 155 55 40 B RE % il 2% AR
WHE AR A o TH W i R R FE AR 25 (e
FEEBT A b0y & At 7R e FE R 2 T
T AR RCR BRSP4 A A 2 8 o i st B
k.
3.3 BBl UHEMI LEFNED
AEVRZGHRIET 2, B R TP 2 BA AR W
AR RCR AR ] DL T R M A 25 5 16+
S YA R A R . 5 T B gl
b, B S R i s B AR 5 A R R B
AR EY . 2R BUiceE Y mr Lo R B4
Anf EREAY 2 Rl DL B R REBURA: B QR A TRl Bt
AR Z A F5 80 B BB HFHFR LR
BA WA R T IR A BT KRG AS R FBAL ) 25 8] 42
T 70 S22 R A T DI 8 BAb L 22 B 3 3B
VR I B [l g sl S . 3 60 o 4 R s 4
WS R LN 43 B B 2 A 45 19 28 A T
ST A A AR 25 770 L 9T 1986 4RI HR 7 R H
AT S R 0 BT RO AR ot o 37 L B S
RZAEH . TELML A v A A 2 7T L) S BERS
AEWE R AN A A 7 AR 25 S il Ay 70 B0 At 77
B TR 854 0z iy T AT 8, HAA R B
AR AT TSt . SR A AR 25 97 16 R
AT LA i A Ak 2 A 24 1 it T A PR B8 7 G 320
IR Y 7 R B e 2 5 KRR 7 M 8 ] R 8
Ji& o PRRG J Je i B ] 1 A 9L 7 v 1Y A W AR 24 %8
THREZEZRLEE,

[1] Gyaneshwar P, James E K, Mathan N, et al. Endophytic colo-



32

5 4Ly

2017

(2]

(3]

(4]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

nization of rice by a diazotrophic strain of Serratia marcescens
[J]. Journal of Bacteriology, 2001, 183(8): 2634 — 2645.
Muthayya S, Sugimoto J D, Montgomery S, et al. An over-
view of global rice production, supply. trade, and consumption
[J]. Annals of the New York Academy of Sciences, 2014,
1324, 7-14.

Spence C, Alff E, Johnson C, et al. Natural rice rhizospheric
microbes suppress rice blast infections [ J]. BMC Plant Biolo-
gy, 2014, 14. 130.

Dagadas Y F. Yoshinok K. Dagdas G, et al. Septin-mediated
plant cell invasion by the rice blast fungus, Magnaporthe
oryzae [J]. Science, 2012, 336(6088): 1590 — 1595.

Mahmut C. The molecular basis of plant genetic diversity [ M.
Croatia; InTech, 2012; 331 - 356.

Skamnioti P, Gurr S J. Against the grain: safeguarding rice
from rice blast disease [J]. Trends in Biotechnology, 2009, 27
(3): 141 -150.

Aktar W, Sengupta D, Chowdhury A. Impact of pesticides use
in agriculture; their benefits and hazards [J]. Interdisciplinary
Toxicology, 2009, 2(1): 1-12.

Chuma 1. Isobe C, Hotta Y, et al. Multiple translocation of
the AVR-Pita effector gene among chromosomes of the rice
blast fungus Magnaporthe oryzae and related species [ ]].
PLoS Pathogens, 2011, 7(7): e1002147.

Bacon C W, Yates I E, Hinton D M, et al. Biological control
of Fusarium monili forme in maize [J]. Environmental Health
Perspectives, 2001, 109(2). 325 - 332.

Prabavathy V R, Mathivanan N, Murugesan K. Control of
blast and sheath blight diseases of rice using antifungal metab-
olites produced by Streptomyces sp. PM5 [J7]. Biological Con-
trol, 2006, 39(3): 313 -319.

Moreno A B, Martinez del Pozo A. San Segundo B. Biotechno-
logically relevant enzymes and proteins: antifungal mechanism
of the Aspergillus giganteus AFP against the rice blast fungus
Magnaporthe grisea []J]. Applied Microbiology and Biotech-
nology, 2006, 72(5). 883 - 895.

Manikandan A, Sathiyabama M. Preparation of chitosan nano-
particles and its effect on detached rice leaves infected with
Pyricularia grisea [ J]. International Journal of Biological
Macromolecules, 2016, 84: 58 - 61.

Ali H, Nadarajah K. Evaluating the efficacy of Trichoderma
spp. and Bacillus subtilis as biocontrol agents against Magna-
porthe grisea in rice [J]. Australian Journal of Crop Science,
2014, 8(9). 1324 -1335.

Zhang Yinglao, Kong Lichun, Jiang Donghua, et al. Phyto-
toxic and antifungal metabolites from Curvularia sp. FHO1
isolated from the gut of Atractomorpha sinensis[]]. Biore-
source Technology, 2011, 102(3): 3575 - 3577.

BREEAE . RS, AOIERH. T2 R SRR K A 4 i R
RISV L ] T Ol K24 CHARFHA D . 2007,
33(5): 602-604.

Jean-Berchmans N, 1[a], AR, 28, 15 %A% NFO Rk %K

TR SHURIEL ] hEESBHE, 2003, 19(3): 111- 114,

[17] Su Zhenzhu, Mao Lijuan, Li Na, et al. Evidence for biotrophic

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

lifestyle and biocontrol potential of dark septate endophyte
Harpophora oryzae to rice blast disease [J]. PLoS ONE,
2013, 8(4): e61332.

Chaiharn M, Chunhaleuchanon S, LLumyong S. Screening sid-
erophore producing bacteria as potential biological control a-
gent for fungal rice pathogens in Thailand [ J]. World Journal of
Microbiology and Biotechnology, 2009, 25(11): 1919 - 1928,

Ji S H, Gururani M A, Chun S C. Expression analysis of rice
pathogenesis-related proteins involved in stress response and
endophytic colonization properties of gfp-tagged Bacillus subti-
lis CB-R0O5 [J]. Applied Biochemistry and Biotechnology,
2014, 174(1). 231 - 241.

YW EE. B iRAE IR 28 MU T Y 2t S AR B LI BT (DD, db
e R EARE R, 2016.

Shan Hongying, Zhao Mingmin, Chen Dexin,et al. Biocontrol
of rice blast by the phenaminomethylacetic acid producer of Ba-
cillus methylotrophicus strain BC79 [ J ]. Crop Protection,
2013, 44. 29 - 37.

Sha Yuexia, Wang Qi, Li Yan. Suppression of Magnaporthe
oryzae and interaction between Bacillus subtilis and rice plants
in the control of rice blast [J]. SpringerPlus, 2016, 5; 1238.
Valasubraxnanian R. Biological control of rice blast with Pseudo-
monas fluorescens Migula;: Role of antifungal antibiotic in disease
suppression [ D]. India: University of Madras, 1994,

Yu Qin, Liu Zhu, Lin Derun, et al. Characterization and eval-
uation of Staphylococcus sp. strain L.Z16 for the biological con-
trol of rice blast caused by Magna porthe oryzae []]. Biological
Control, 2013, 65 (3):338 - 347.

Jha Y, Subramanian R B. Endophytic Pseudomonas pseudoal-
caligenes shows better response against the Muagnaporthe
grisea than a rhizospheric Bacillus pumilus in Oryza sativa
(rice)[J]. Archives of Phytopathology and Plant Protection,
2011, 44 (6): 592 - 604.

De Vleesschauwer D, Djavaheri M, Bakker P A H M, et al.
Pseudomonas fluorescens WCS374r-induced systemic resistance
in rice against Magnaporthe oryzae is based on pseudobactin-
mediated priming for a salicylic acid-repressible multifaceted de-
fense response [J]. Plant Physiology,2008,148(4) ;1996 — 2012.
Suryadi Y, Susilowati D N, Kadir T S, et al. Bioformulation
of antagonistic bacterial consortium for controlling blast,
sheath blight and bacterial blight diseases on rice [J]. Asian
Journal of Plant Pathology, 2013, 7(3): 92 - 108.

A, K RE P A i 2R T OsiSh-2 £E ¥y b5 16 7 960 5 50 M AT 52
[D]. Kb Wik, 2016.

Prabavathy V R, Mathivanan N, Murugesan K. Control of
blast and sheath blight diseases of rice using antifungal metabo-
lites produced by Streptomyces sp. PM5 [J]. Biological Con-
trol, 2006, 39 (3): 313 -319.

Zhang Yinglao. Li Shuai, Jiang Donghua, et al. Antifungal ac-

tivities of metabolites produced by a termite-associated Strepto-



43 55 51

U AL AR SRR By 16 TP 1A P B it 2 B « 33 -

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

myces canus BYB02 [J]. Journal of Agricultural and Food
Chemistry, 2013, 61(7); 1521 —1524.
FEFRAG RW B S RIS DU NK413 Y %@ KB
HORLD. PR, 2010, 36(6); 77 - 81.

TRERGE. MEREX AR LT B R R R s i (D], 5t
FH . 52 MK 2%, 2016.

Fravel D R. Commercialization and implementation of biocontrol
[J]. Annual Review of Phytopathology, 2005, 43; 337 — 359.
Wang Y L, Liu S Y, Mao X Q, et al. Identification and char-
acterization of rhizosphere fungal strain MF-91 antagonistic to
rice blast and sheath blight pathogens [J]. Journal of Applied
Microbiology, 2013, 114 (5). 1480 — 1490.

Manandhar H K, Lyngs Jorgensen H J, Mathur S B, et al.
Suppression of rice blast by preinoculation with avirulent
Pyricularia oryzae and the non-rice pathogen Bipolaris soro-
kiniana [J]. Phytopathology, 1998, 88(7): 735~ 739.
Someya N, Nakajima M, Hibi T, et al. Induced resistance to rice
blast by antagonistic bacterium, Serratia marcescens strain B2
[J7]. Journal of General Plant Pathology, 2002, 68(2): 177 - 182.
XU T B HERL, SR, BORFERIBR TY009 B iGSUR 7K
T BEE R H B L], P ERAERRE, 2010, 43(10):
2031 -2038.

Chaudhary B, Shrestha S M, Singh U S, et al. Seed treatment
with Trichoderma harzianum : suitable option for leaf blast
management of Subl and non-Subl rice genotypes [J]. Nepal
Agriculture Research Journal, 2014, 14. 14 - 25.

/AL, FRIR TS PO TR HW-14 2388 %€ X HA TR Y
FERFFELD]. K% LTI, 2013,

Taguchi Y, Hyakumachi M, Horinouchi H, et al. Biological
control of rice blast disease by Bacillus subtilis TK-1080 []].
Japanese Journal of Phytopathology, 2003, 69(2): 85— 93.
Hernandez-Rodriguez A, Rives-Rodriguez N, Acebo-Guerrero
Y, et al. Potentialities of associated diazotrophic bacteria in
plant growth promotion and biocontrol of Pyricularia oryzae
(Sacc. ) in rice (Oryza sativa 1L.)[]J]. Revista de Proteccién
Vegetal, 2014, 29(1): 1-10.

Meng Xiangkun, Yu Junjie, Yu Mina, et al. Dry flowable for-
mulations of antagonistic Bacillus subtilis strain T429 by spray
drying to control rice blast disease[]J]. Biological Control,
2015, 85: 46 - 51.

Naureen Z, Price A H. Hafeez F Y, et al. Identification of rice
blast disease-suppressing bacterial strains from the rhizosphere
of rice grown in Pakistan [J]. Crop Protection, 2009, 28(12) .
1052 - 1060.

. EFRT, RN TR AR B AT TR A O 8 B B TR OR
(U] hEAYBTRSR, 2016, 32(4): 474 - 484,

Chatterjee A, Valasubramanian R, Ma W L, et al. Isolation of
ant mutants of Pseudomonas fluorescens strain Pf7 — 14 altered in
antibiotic production, cloning of ant(+) DNA, and evaluation of
the role of antibiotic production in the control of blast and sheath
blight of rice [J]. Biological Control, 1996, 7(2): 185 - 195.

Krishnamurthy K, Gnanamanickam S S, Biological control of

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[56]

[58]

[59]

[60]

[61]

rice blast by Pseudomonas fluorescens strain Pf7 — 14 evalua-
tion of a marker gene and formulations [ J]. Biological Control,
1998, 13(3). 158 - 165.

Sitther V., Gnanamanickam S S. Biological control of blast dis-
case of finger millet (Eleusine coracana 1. ) and analysis of
fertility of Magnaporthe grisea[J]. Current Science, 1996, 71
(2): 144 -147.

Prathuangwong S, Chuaboon W, Chatnaparat T, et al. Induc-
tion of disease and drought resistance in rice by Pseudomonas
fluorescens SP007s [J]. Chiang Mai University Journal of Nat-
ural Sciences, 2012, 11(1); 45— 56.

Amutharaj P, Sekar C, Natheer S E. Development and use of
different formulations of Pseudomonas fluorescens siderophore
for the enhancement of plant growth and induction of systemic
resistance against Pyricularia oryzae in lowland rice [J]. In-
ternational Journal of Pharma and Biological Sciences, 2013, 4
(2): B-831-1B-838.

Gohel N M, Chauhan H L. Integrated management of leaf and
neck blast disease of rice caused by Pyricularia oryzae [J]. African
Journal of Agricultural Research, 2015, 10(19): 2038 — 2040.

Oh H S, Lee Y H. A Target-site-specific screening system for
antifungal compounds on appressorium formation in Magna-
porthe grisea []]. Phytopathology, 2000, 9(10); 1162 -1168.
KRG, B, HEIE, S5 PURIRRSHUA D-2 19 %08 KL
PEARHHIETSELT ] FEYIRHE 4R, 2005,35(4); 352 - 358.
Khalil M'S, Moubasher H, Hasan F F. Biological control of
rice blast disease by Streptomyces flavotricini [ J]. Research
Journal of Pharmaceutical, Biological and Chemical Sciences,
2014, 5(5). 1453 - 1461.

Thawai C. Isolation and characterization of antibiotic producing
Micromonospora from Thai Jasmine rice [ J]. New Biotechnol-
ogy, 2014, 31(S). S147.

Takeuchi S, Hirayama K, Ueda K, et al. Blasticidin S, a new
antibiotic [J]. Journal of Antibiotics, 1958, 11(1): 1-5.
Schuwirth B S, Day ] M, Hau C W, et al. Structural analysis
of kasugamycin inhibition of translation [ J]. Nature Structural
and Molecular Biology, 2006, 13(10). 879 — 886.

TR, WL FOM RN (1 B A SO P B LRI B4R (D,
et P ERLARARE . 2004,

Chollet J F, Rocher F, Jousse C, et al. Acidic derivatives of
the fungicide fenpiclonil: effect of adding a methyl group to the
N-substituted chain on systemicity and fungicidal activity [J].
Pest Management Science, 2005, 61(4). 377 — 382.

HEZE, 5K Wk R, PURRMR R —E R IR AL 952
HRILID. HERYT, 2007, 33(1): 33 - 36.

TR XU . A5 » 45, NRIKZEM G bacillomycin L $t
LT E SR K R B i LD, o AR W B A A 4
2011, 27(1). 76 - 81.

Xiong Zhigiang, Tu Xiaorong, Wei Saijin, et al. In vitro anti-
fungal activity of antifungalmycin 702, a new polyene macrolide
antibiotic, against the rice blast fungus Magnaporthe grisea

[JJ. Biotechnology Letter, 2013, 35(9);: 1475 —1479.



« 34 . 5 4Ly 2017

[62] FkfLRE. TGN, BT, KB Z 0 KRG IR R 1H 19 By 6 3508k against pathogens [J]. Trends Plant Science,2012,17:73 - 90.
WFEl) ], P ERFmEAR 2015,31(4):190 - 194. [707] Grosskinsky D K, van der Graaff E, Roitsch T. Phytoalexin
[63] Amadioha A C. Controlling rice blast in vitro and in vivo with transgenics in crop protection-fairy tale with a happy end? [J].
extracts of Azadirachta indica []]. Crop Protection, 2000, 19 Plant Science, 2012, 195. 54 — 70.
(5): 287 -290. [717] Li Wenxin, Kodama O, Akatsuka T. Role of oxygenated fatty
[64] Lee SE, Park BS, Kim MK, et al. Fungicidal activity of pip- acids in rice phytoalexin production [J]. Agricultural and Bio-
ernonaline, a piperidine alkaloid derived from long pepper, logical Chemistry, 1991, 55(4); 1041 - 1048,
Piper longum L., against phytopathogenic fungi[J]. Crop [72] Padmavati M, Sakthivel N, Thara K V, et al. Differential sen-

Protection, 2001, 20(6): 523 = 528. sitivity of rice pathogens to growth inhibition by flavonoids

[65] Huo Guanghua, Zhan Wugen, Fu Rihui, et al. In vitro anti- [J7. Phytochemistry, 1997, 46(3); 499 - 502.
fungal activity of saponin extracts from Schima superba in (73] W%, WAEL. —Fhgih KRS R R 2 1 5 Sk B P BT 52
combination with Sapindus mukorossi against Piricularia [T, HMRHIZEA . 1996, 26(3); 217 - 221,
oryzae [1]. RITIBIIEL IR . 2010, 226502 755 = 760. [74] Zhang Shan, Tang Wenzhu, Jiang Linlin, et al. Elicitor activi-
[66] ™. PR AR YIRS A e (D). m 5. TLPEK
W2, 2011,
[67] Rout S, Thatoi H N, Tewari S N. Performance of aqueous ex-

ty of algino-oligosaccharide and its potential application in pro-
tection of rice plant (Oryza saliva 1..) against Magnaporthe
grisea [ ]]. Biotechnology and Biotechnological Equipment,
2015, 29(4) . 646 — 652.

[75] Someya T, Numata S, Nakajima M, et al. Biological control of

tract of Aegle marmelos based Amaext-a, an antifungal product
against Pyricularia grisea causing blast disease of rice [J].
Archives of Phytopathology and Plant Protection, 2012, 45
(20): 2507 — 2518.

[687] Rout S, Thatoi H N, Tewari S N. Sensitivity of ethanolic ex-

rice blast by the epiphytic bacterium Erwinia ananas trans-
formed with a chitinolytic enzyme gene from an antagonistic
bacterium, Serratia marcescens strain B2 [J]. Journal of Gen-

product, against Pyricularia grisea that causes blast disease of eral Plant Pathology, 2003, 69(4): 276 - 282.
rice [J]. Archives of Phytopathology and Plant Protection, [76] BRALKE. BREE. WR0URE. S5, HP=REORI SO ] EYR)

tract of Aegle marmelos-based Amasof-e, an organic antifungal

2015, 48(1); 73 - 83. MHiE R, 1985, 1(2). 22-23.
[69] Ahuja I, Kissen R, Bones A M. Phytoalexins in defense (WHESRE. HAW)
WERNERELERERNERVERERERELERUEREVEREE RO T et WERERVERERVERERERE RS
FRE R,
§EITRE DT 7] 2018 SECHF R EHHE )
SR, e, Ko, AP

(HAZFHEY) R L(EAIFFHEFHHED D A HREFEE FARLHZRE SHEITEAGRFEFHEYD
F IR AP B R LA B, 2R AT RREMF RS ZATHK RN LA FIFHEE, 1982 5414, A
Fl, R 16 71,56 R, APl @@L =Fo B P AHEER RS RTEF REARBE RS, FATAHF ER  Aabed 4 5
A ABRZRE FEREFRER FHRR R HER HEL.GAHIRS KiEHEHAR EFEAFEGIFAY,
AT IR,

228 -ORBEFHY LRIV . FEDID EFED . ZEFEE . FERERF HARCE ZahH. OQFFEHF
Mty B B A L) RA, R WK G A BR BRI ECROE BRE Y (FOFHED. & S Eh  HEL
HRE EWL P BFE RNAFORE L MR F, OFBEEE RERTHRERFLEMESITH . 2B+ K
WA T G A B Sh HA E P BT I ATH KRR R A AR IR S, A5 CN 22— 1155/S, dp AR5 12—183, 4 47
M 4.00 T, AHF 48,00 AR ) . A A H BB (BF) 3 7T 3T 5, 4L 7T R B ACHT By I 3k 2 4 130T 1Y

M Hb:RATAHAZFTAR R LKA 4899 5

BE ZR:130112

B P BRI F RS BT AT A E S AL ) g AR

B R AN:ERT

2] 1% : (043181919599

E-mail ; tzjjdzw(@126. com





