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(LA # BRI BT, BB 330200; 2. Bt REMPMET£5,
BIA 2100955 3. EFRKREBFRATR IR R, IEEE)

fE: MET 6 A Bacillus spp. # 1 AN Pseudomonas sp.P-13(G - s B # # ) &
PPM3Er A Ledta AR, AR X R AEES T H U ANBGRATEME,
BEABMB HEMNZ—SARE T FUGuesF 4, ERELFATHE
i PeIGAY , AL KAS 5 B B B VA B5423-R(B5423 th 47T B Ak, £ A48 F # bk 69
REB)AZANZ—6) AN FANBE0E Z %%, AR HA 4 F B5423-R A
RBERROFBREE, SRAA, 52H BS43-RAg, ERA1~7 XK, 4
4-BS5423-R + B45 ¥, B5423-R #) H 1k & & % & B 5 1&; 414 B5423-R + B9S.
B5423-R + B77 ¥ ,B5423-R ¢4 H 4K F 5 ¥ A £ B F £ F ;204 B5423-R + B4313
F,B5423-R BB BFALR I~ 4 RAEEAARERERF RABAE TR
BERGTEMN, Bt AR RROGROWHXBEY, 5L 0L
Yo, 488 B95 + B5423 & B9S5 + B77 B E 3 IrH] T B AL B 5% 52 @ A% @ 414 BAS +
B80.B45 + B5423 #= B45 + BOS SR AR REZNFZ T LA EA; X4 10
MAEEEOWMEMNALE LR,

K@ : Bacillus spp.; Fhet; MEZKER; KBEKER
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A, KRBT FE R X A E R B A A B B SR, 7ESCBR AL, B A2 B
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MBERLRIREC AR E FIR AL, RSBMBIR R, REBINER T EWH G E, A
T, A A HER HIREH AR BB RBCROER . —TEEMNFREERER
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— AN EERTR R FIR A AR P A A9 = AL,

Bacillus spp. 2—2KZ B 2 EMMIETIHE, KB ER SR FAX TR AR
RAVEFIBUEE: ., FEERN, 1998 SFEPREIEMN A Bacillus subtilis B 916 B 18 KRB 80k
FUE 2000hn?, B IGBUR %X 50.0% ~ 81.9%, BIRH Bacillus YEEBF I E KEHE,

VEZE G LRMET 6 METHMEREE Bacillus spp. [F B EIEHIER ., 5, KT
B EWE T AR RS Bacillus sp. 3 Bacillus subtilis B5423 FhEEsh7A B9 B0 5
BEAh , R B A R T R R BRSP4 B 41 A X ok B (Aom B E AR I VE A

1 MRS5F*E

1.1 HHRABE MR B5423 B FIE ERTH

6 METIMBE BB Bacillus spp. , o9 2 M2 B. subrilis B5423 F1 B77, A& 4 M & B.
cereus B45.B80. B95 1 B4313, XEEHRA VR TIRT - 80°C, (RFF7E E Pk BEHF R Bt ¥
WHLIE , N H M, XEERATFE NACEFSEE ) S L, AR
Bacillus spp. X} B5423 FhEEsh S B W, S EERE LA DU M3 E4R10. B5423-R &
B5423 K48 (rifampicin) LM M KA K, FH R B AT PR AM B SRR G 5
B5423 B —3H,
1.2 EHBEEFRMNEHUNZE

218 Pierson Z 18, 9ml WL ERIE/KIATE NA B _EA K 24h BysitkS, R
JE KB RRARZIS,RA Sl BB (I F BdR) T PPM(& RIEFRE B) P4k b (FE
FARMY 4 MEFEBIALARE) , 7E 30C TAK 24h 5, A— /IR ERBAWRE N 107 ~
10°cfu/ml B 53 —BE AR A B IR (CBEIM A BB MR ) , 4k 235 5% 24h J5 U B & BAR IR B B9 KD
FMMEEER 4 K EMRBRHET 2 We A BHREHE IR g i 3 i
1.3 BERR
1.3.1 RASHE3EF ARKRERF R IR72, 3 8 15 KB A HBR TR L —
RN RIS 4 ZHEFEIR E AT, (AR 20 K, B 200 MR/ NME, BERTE
RITEH,
1.3.2 @ # &%k 44 B R B5423-R.B77.B45.B4313 #1 B9S £t NA £} _E i1k 24h
J5, & MA oml B BE K, FRAREMKAREHR S, FERA Iml WEBFERTESR
250ml PPM B IEFRZM = AT, R5 X E =M 30 C T EIRG 25 P 16 ho ¥
B5423-R 439 5% R F R B77.B45.B4313 1 BOS 1B &, IR 4 B4, 87 B5423-
R F/KR R LAE B TR B5423-R FRFEFHIFIIRE
1.3.3 EH@ESRE RE T 2002 FEFEEERKBEHRTEEHIT. 35 M
B AbEE 1. W53 ) B5S423-R; 403 2: BEF IR B5423-R + B9S; AL 3: B{ZF IR B5423-R
+ B77; 403 4. BEEIR ] B5423-R + B45; 4038 5: BEF IR 7 B5423-R + B4313, FALFEFEHL
HEF , P B B B 7E KRS B, (AT A BRI A 0.1% Mk 20, K
25 400ml ) B B TR W A1 HUBE AE RE AR IO T FZERE . BMAR SR KA 100 /¢,
1.3.4 BHAwF & EHEHE 2 h.24 ha KA 7 KE, NS BBEHLRE 10 5T
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FEMR o RES LSBT, I ZEHERBLY 15em KM H B, HBTRA 1em K, B 500ml 9=
F , FRE, RS A 200 ml 9 PBS, JF7EME A —Rint iR 20, X =fMERE N
24 ~26°C, BN 150 v/min WBIK P FGIEFR 2 h 5, M PBS X B R M R IR,
100pl MBS RBRMERERALETA 100 pg/ml FI48 ¥ F1 i & B B (cycloheximide ) )
PPM EAR P, B R BR 3 NEE L FE 28°C T 1535 36h )5, IC A KA PR EFE W AE
BV (4 5 ~ 300 1) o
1.4 BE&MH R EXQAFHFEEROME
1.4.1 BAAESHGH & HERTFHRAHE EF 1.3.2,7F 6 MEKSERFHFHHHR,
B F RS 21 MEAS , SRR R ARELN 1 x 10%cfu/ml,
1.4.2 HEHR\ANRF W 37K 7~8em KM F F B OKRESMFIA R72, B 40 ~ 50
RAREM BRI B ) FATHUBRA & SUR R K IBRA R L L K7 PDA PR b4
1 36 h W EHAZA 5mm B Rhizoctonia solani BRASHRILA M B BRI g, H—/NEI R E
BHSHMERRNAESNEBIPBR(FILY 2ml) , FHBEBEE KB, R i sRm
EERTHER I XE, MBEHEHWEGEFRRRER, 8 MERNAS 4 MER,
1.5 #EDH

WU = IS P ) 40 B 1 S B R BB A T X B o, B R B K REBF 2T B IRRISTAT
RS  3  BE R B R B E AR AT T = A (B R AR ) o

2 #HR

2.1 EHREEERE

6 1~ Bacillus spp. B#RFI 1 1~ P-13 MR BNIR ELICMIR, 42 NMH &, P 27 MHER
ARAER, 15 NMEARIERAER (R Do P13 REIH T HH 6 Bacillus spp. )
HK o i Bacillus spp. ZHIFK &4 B MIMEER .
2.2 B3 B5423-R % 4 N ATEFMAIEA T B5423-R Hofh B4R

SRR (E 1), 585 B5423-R ML, FERN A 7 XN, 414 B5423-R + B45 1 B5423-R
REIRE RS R B B MBS, 7ERLFH 4 R)5 , & B5423-R 78 —HER B R A F BB K
BEH 3.63 x 10cfu/g, T B B5423-R M- HREEER A 3.55 x 10 cfu/g, M2 10.23
&, %04 B5423-R + B95 1 B5423-R + B77 1, B5423-R B P B ASE 7 RN 58RI
BB ERLER, AN 4 X5, 48 B5423-R + B95 #l B5423-R + B77 1 B5423-R 7 —
HREE P B ARBR 53 FI R 2.63 x 10°F0 2.19 x 10° cfu/go BLAT, 44 B5423-R + B4313
d B5423-R MIBHAK BTN FH 4 KN 585 BS423-R R EWER BEMNA 7 X5, H
BHABEEEHE TEN, A4+ B3R E _#MRB PR FHREBEN 5.76 x
10°cfu/g, THEEFR H BS423-R MIBEAEE N 1.51 x 107chu/g,
2.3 AEHEEIEEM SRR B E R A HE H

£ 2 8Bn, 5XTRAW, A 0S50 BRI 4 A B E PR T Bt i 8OR R BE
H,FlEF AR 2 B ,6 4 Bacillus spp. A Z BIBUR 2 F A K, 4 B5423 1 BOS Ab B AL
PR BEE R & M TR 38 L HB 4 B 20. 18 % F127.45% JFE 1S MRFI A A,
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#*1 PPM TR EERARENHEEER
Table 1 In vitro inter-inhibition of antagonistic bacteria and other strains grown on PPM

B BB R 3 B Strains inhibitor

Str. inhibited B5423 B9S B77 B45 B4313 B8O P-13
P-13 - + - + - - + - -
B80 - + - - + - + - - ++ 4+
B4313 - + - - + - - — + 4+ +
B45 - - - - - - ++ +
B77 - - + - - - - ++ +
B9S - - - - - - + 4+ +
B5423 - - - - - + - + 4+

. - RS, + - AR RS AEEREE KRR + EHEHR, A 4mm; + + I 4
~8mm; + + + :VBEH AT 8mm, Note: — :no zone of inhibition; + — :no definite zone of inhibition but less growth around the
colony; + :with a < 4mm wide distinct zone of inhibition ; + + :with a distinct zone of inhibition, 4 — 8mm; and + + + : distinct

zone of inhibition, > 8mm.

B5423-R
B5423-R + B95
B5423-R+B77
B5423-R + B45
B5423-R + B4313

sENBa0n

5] e A B5423-R(cfu/g)
Recovered B5423-R

ANRRNIIIIRNY

Y]

7
:
:
:
:
%
4

I
3

BE 3G R ¥ Days after spraying (d)

1 FREBH & B5423-R ZERE# LA F B4R
Fig.1 Population of B5423-R in different mixtures on rice plants

R T HORR R P, R—RXARMFRRAEHERERE (P =0.05)PHREFRBELEER. Noe:
The data are the average of two batches of trials. Data of the same day with a common letter are not significantly different at P =
0.05 by DMRT.

44 B9S + B5423 F1 BOS + B77 SR BEE AR AT (5 LR35 K 12.36% 1 14.78% , BER T &
B B2, TiZH-4 B8O + B45.B80 + B4313 F1 B45 + B9S fif i LR 4514 38.12%.36.97%
M34.24%, SEETFRKEWER, KA 10MME 55 ENEREEEREZR,

3 itig
TER MRS RE o, B bk BAS FF R M%) BS423-R, RTI7ERS#k 41 B &K T

B5423-R MBEASE , XML T Bk 5B A R A —8E, KEE B FEH, Pierson
2 (6] 1B ZE B R SE R P EARIR FUIM R A0 BL A, BIE & M B RRGR UMb T 3%
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£2 FRBHNASXHEEHF EARBEESFRBEEROIEIER
Table 2  In vitro suppression of lesion area of sheath blight of rice leaves
by different BCA mixture combinations

25 B Single agent
Single agent B5423 B95 B77 B45 B4313 B8O
B8O 25.47¢cf 25.38¢c-f 26.32def 38.12h 36.97h 22.36bed
B4313 20.%4be 23.88b-e 22..44bed 28.76fg 23.16b-e
B45 34.24h 37.37h 28.96fz 26.91g
B77 22.68bed 14.78a 23.52b-e
B95 12.36a 27 .45¢fg
B5423 20.18b
CK 58.75i

L RIERMEE RS A ERN R, R 2 AN ER N THE AN FERAEH ERERR (P =0.05) oK
BWAH BEHER, Note: The data are the percentage of the lesion area out of the total leaf area, representing the average of 12
replicates. Means followed by a common letter are not significantly different at P =0.05 by DMRT.

PB4 FAE R g 5 3 B, 30 Q1e-80 FRFUHBAM A ( + + + ) Q1c-80, Q72a-80 3 ZU A4
Q72a-80, fEH K RILXFIL, REMEAPIMGI A WHE B77 ZEMHIE BB B77 BEH
BEAKBARLD . EXTERM A SO R BT AR 5  , 48 B5423 + B45 KIH
R B E ML T & B SN, X 548 B5423-R ZERHRIA R RSB B E R
MR8, ‘

FERIF 7 RJG, Bikk B4313 BE T T bk B5423-R B4, B T #% B5423-R X B
¥ BA313 FREESCE M 0, A1 e )5 S R P4 EH 4B & (novobiocin) E FEE R
(ampicillcin) FIZEIERAAR (nalidixic acid) RARICE#E B4313, (H i T RARKIE S HLA R A
3k FARREA SO EI, T — EoR BRI A B A AR T HERR , B, X R 2R R G,
SN FEBS R B E H, 54 AR EFIFE L, 24 B5423-R + B4313 WHIRBR B AR B
EHE M4 4 B5423 + B95 1 B77 + B95 MDA R B &R E , (H7E HE K4 T X EHE
REAMMAIER T — PRI,

2 % X W

1 PR, KBORRIETIAE TR SR A, b EKRERIE,2000,14(2) :98 - 102

2 ZHR,FHER, Mew T W. BERE T RESABE Y Bacillus subsilis B5423-R XK BELRHRK P RMEEY RAY
Wi, o R RS #3R , 2003,25(1):33 - 36

3 Mew T W, e al. Biological control of Rhizoctonia sheath blight and blast of rice. Improving plant productivity with rhizosphere
bacteria ( Proceddings of the third intemational workshop on plant growth-promoting thizabacteria) . Ryder M H, et al. Eds. Ade-
laide, South Australia, March 7 - 11,1994

4 Leeman M, et al. Induction of systemic resistance against fusarium wilt of radish by lipopolysaccharides of Pseudomonas fluo-
rescens . Phytopathology, 1995,85:1021 - 1027

5 Baker R, and Paulitz T C. Theoretical basis for microbial interactions leading to biological control of soilbome plant pathogens.
Principles and Practice of Managing Soilbome Plant Pathogens (Hall R Eds.), The American Phytopathological Seciety, St,
Paul, Minnesota, 1996, pp. 50-79



278 B oY R EH 30 %

6 Pierson E A, and Weller D M. Use of mixtures of fluorescent pseudomonads to suppress take-all and improve the growth of wheat.
Phytopatholog, 1994,84:940 — 947

Interaction among antagonistic Bacillus spp. strains and
their suppression against rice sheath blight

Li Xiangmin'’? Hu Baish? Xu Zhigang® Mew, T.W.?
(1.Plant Protection Institute, Jiangxi Academy of Agricultural Science, Nanchang 330200, China;
2. Nanjing Agricultural University, Nanjing 210095, China; 3. International
Rice Research Institute, Los Banos Philippines)

Abstract: Six Bacillus spp. (B. subtilis B5423, B. subtilis B77, B. cereus B45, B. Cereus
B95, B. Cereus B80, and B. Cereus B4313) strains and one Pseudomonas sp. P-13 ( check
strain) strain were measured in terms of their in vitro inhibition against each other on PPM plates.
Of 42 combinations, 27 are compatible and 15 are incompatible combinations. Of 5 combinations
containing B5423, four are compatible and one is an incompatible combination. The population dy-
namics of B5423-R (B5423-R, a rifampicin-resistant mutant, is the marking strain of B5423) on
rice stems used in the four compatible combinations were monitored by spraying the suspension of the
different combinations. In two trials, it was found that population size of B5423-R on rice stems
used in combination with B45 was significantly lower than that of individual B5423-R within 7 days
after their application. Those in the combinations B5423-R + B95 and B5423-R + B77 are not sig-
nificantly different from individual B5423-R within 7 days after their application. On the other
hand, the population size of B5423-R in the combination B5423-R + B4313 is not significantly dif-
ferent from individual B5423-R population within 4 days after their application, but are significantly
higher at 7 days after their application. Combinations B95 + B5423 and B95 + B77 significantly sup-
pressed the lesion area of sheath blight of rice in detached leaves, while combinations B45 + B8O,
B45 + B5423 and B45 + B95 significantly increased the lesion area. The other 10 combinations are
not significantly different from their respective single agents.
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