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HWE. A7 AHAG A B3 SHRMBAEER AL 5 EiAr KA FEEN T T A% Ak B3
S FRME R A G IR E R T AT R e B A, SRR R R AE R AR R A
AL ik A= 16S rDNA B9 o Ar ik st B Ak B3 #4775 8, &R AW, A A B3 9 X Bk R 2L
I8 AT HRARAE R 1 3 R IR BT I RIAE R 3R E R 6 S K WX IE 09 B AL AR L AR T
S AAT3.6%A64.8% , 2 FMLT 100mg/L $ AR, B3 WBELS AR A KRS AT NI
A EARBEY, i 16S 1DNA F 3] 5 A7 0 Z 5 K B A LI, A4k B3 8955 5 Bacillus subtilis 8 #&
MOS5 &gk M Ak — A5 ., db 4k L a9 3E & T, b e RS R A A F F0ATHE Bacillus subtilis .
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Control efficacy of biocontrol strain B-3 against pepper
wilt and its identification

Liang Jiangen Zhu Lihong Wu Ji’an Sang Jinlong Yao Hangli Shi Yuefeng”

(Institute of Plant Protection and Microbiology, Zhejiang Academy of Agricultural
Sciences, Hangzhou 310021, Zhejiang Province, China)

Abstract; In order to evaluate classification status of biocontrol B-3 and its control efficacy to pepper
wilt, antifungal action of biocontrol strain B-3 to Fusarium oxysporum {. sp. vasinfectum was determined
using cylinder plate method, its control efficacy to pepper wilt was study by pot and field tests, and its
identification was launched by means of phenotypic characteristics observation, physiological and bio-
chemical indexes determination and the assay of 16S rDNA sequences. The results showed that the fer-
mentation broth and its filtrate of strain B-3 showed a better antagonistic activity to Fusarium oxysporum {.
sp. vasinfectum , pot and field trials of strain B-3 indicated that it had a better control efficacy to pepper
wilt and was 73.6% and 64.8% , respectively, significantly better than 100 mg/ L. carbendazim. Pheno-
typic, physiological and biochemical characteristics of strain B-3 were very close to those of Bacillus subti-
lis. In addition, the strain B-3 and the sequence of Bacillus subiilis strain MO5 constituted a separate
branch and had a nearest evolutionary distance by phylogenetic tree of 16S rDNA sequences. According
to the morphological, physiological and biochemical characteristics, and based on phylogenetic analysis,
strain B-3 was identified as B. subtilis.
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e AN 8 WA= F 3 G /NN T R B 5 N 2
PR A AR A B B IR IZ 20 1 B 1Y AR R B ok
T IREE TS YR M A — R G ) B XA E S e A
Sl Bl 1 B E B ES RS bk, 3K
LA BB IE T Tt A — A R AR UL ), A=
WA 245 mT LA v IR A 27 A 24 s o (i , A 0 g |
TFE TeI59 ARG AP SIS, AU A A
I e B i R 5 2R, 1T EL R ARl B T R 252 % Je 42
BEOR B, NV 2243 RS O . HAT, B9
BN RS MR B8 N AR I KRS A
Bl 6 7 OIS, AN F A KR aRaE " ) E
XTBRMUAIE G B AH G AN 22 . B PR B-3 S AT
TLAE U T B SN 20 28 20— R A= B Al o, R
XFICHEAT T B i BRABUR: 22 05 B 9% FOR A8 RRAE 35 97
FRAE AP A AL % 5 LA ST 16S 1DNA 751 1) &
BRB T,

1 #REFE

1.1 ##
1.1.1 B4

FRASH AR W 3 45 W [ WA AN T AT
A, BERXPERE B-3 4085 B WA BN T8 SR s
SR, AT A TRk S 2 — AR LN FH i S5 9 A=
WITa 4671 93 J5L o BROBURG 2296 B8 Fusarium oxyspo-
rum f. sp. vasinfectum R SZK FLRAT
1.1.2 354

(DPDA 553537 B 4% 20 ¢, TR 16 ¢,20%
LA 1000 mL, 4K pH {H, @KMB };3R3ES .
EHWE 20 g, MeSO, - 7H,0 2.5 ¢, K,HPO, - 3H,0
1.5 g, Hil 20 g, BUISHS 10 g, 26487k 1000 mLL, pH {&
7.0~7.6, QWITHEREY A NRF 3, EA
[R5 g, REWE 10 g, FERFF 1 g, 28487K 1000 mL, pH {H
7.0~7.2, FFEEFHFELE 0.1 mPa T K 30 min £5
FH o ANGE R FEERAE LR A B AR 5 Fr 8% 77
L3425 M8 Buchanan 251 il
1.1.3 XA 5ME

Taq DNA R BiAam, LA TAEY) TRE
RS54 B2 7 5 PCR 779 26370 & K 5|
Yy, LigEEsG A ) TR BRA A Heg il o it o
SCEP AT Al SANAT LAt EE T UV-2450, H
A% SHIMADZU ; /& # ¥4 5 &5 0> #1L UNIVERSAL 320,
[ HETTICH ; PCR 1Y 2720, 3% [ ABI; 7K ¥ H 3k AL
MP1015, 3% [ SHELTON ; YGHR 1 3746 150C, H FE i

I RAR A BR A F]
1.2 ik
1.2.1 AR B3 69 & Bk BB & H &

VA BT B3 22 KMB 5535 50l 1S, #k
ISR TR 32 257,30 °C 200 o/ min J1f 37 15 57
48 h A9 H L TR, WSCHE R IE RL, T v 8 TR 5 0o AL
F 4912000 r/min B> 20 min, B35 5% (L g
(0. 22 wm) 1 UERREE GBI E R
1.2.2 AB @Ak B3 00L BR A LR ITH AL Al 2

SR RSEL ", DATHOHUR 25998 T o A0 77,
EEBT AR B-3 KB S LU MR R . A
PDA V4 g4 P 0 1) 9 D L 1R BT OF ( ELAR R 7
mm) , B J5 7R 5 HA ZARE 2. 0 em (9PN F 145K
— TR AR AR EAR A 0. 1 mL 19 & BRI
R H R UE T, LATC R /K S BBk B-3 BRIk Xof B
28 CHHIBE A R K5 95,5 KJa R A 538 Xk
FE IR LB T VR ELAR (mm ), GETH IR R VR DA B Y
AR EER, IR A K mER R ER 3 K,

RN (%) = [ (K IREE ER - A H S
WY EAR) /(W RREEVE BAR -7 mm) ] x 100
1.2.3 A B E#k B-3 *F3kAAs R By 8 2R

FERBHRROR . B e TR B3 1Y & B K
PHZE 10° cfu/mL WG THEE G 19 W35 3 5 BURURP
RHIALEE 2 h, DLIGEE K AT 100 me/L 22 B R AL HLN
X B R i 10 B AT 48 T UK i R 0 RO B e el 1 1)
SRR T KR E TR IRIERAE (30°C 14h,20°C 10
h) 3% 1 T2 2 RIT, 2 E R % )y
B, AR, AR B BR s A A A 1 T A
VBT 22 B TE PDA 35353 BIEfb)E A S TR
KR B RV — A0 AT A K 5
(NE VT =3:1),25CHFET ~ 14 REA T4
Fofr BB I P 2 R VD B TR T H R, 5 K
H LU 1220 M HRBI R IR S E S ST A RIME A Tt
HBRACRG (0 AS ) Ak 3 R b e rp P T — 2 KA
4o, BT 25 COLMEE A G, B 20 #k, &
523K, ARSI SR AN A A BB 1 A4 K 5
KA OL, FERT 4 R TG AT,

FH a1 By 9 20k 2R - I 06 3% 31 2 MR pk e 4
2 IR B, 3550 M 0 BUHURURG 280 & A 7
PR T (PR3 Rt ) 500 BROABUR 22005 11, 22000 7 %
O 405 cfu/g +) , I 3 NARTE AR PR 1 s
K AEFE 2 S 100 mg/L Z2 18 R, Ab 3 3 R E B 1A B-
3, PP A PR R] B AR, A HS B Rh T G B R
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TAES BT 5 B A SR AR R /NHE
FACPEE S 3 U BENLAES, B /NXC 0.75 m?, %1%
il 100 K Ff -, /N X 8] 25 1R 50 em B A by B 2570
g J VR A 45 /N DR 9 A K 5 R I O, O X 45
SRR WA i
1.2.4 A R4 B3 695 %

FFER I SRR ML 76 NA FE 52k 10
KEE B3, WEES EESRHE LR A
B, BRI AL g e ta k| 6 R FH VPG - J R
kg on

A FRAE AR kil | SISO AL TR
ERFIH G R WK i V-P SEE JERS K% MR 52
55 IR R (7% ) 5 A A R i K 46 & P i)
FIHAEA 3 A Ak I 2 3 H e iS5 SCHk (8, 10 ]
AT,

BFR B-3 19 16S rDNA J Bed 38 5 13 40#r . A
b5 ik B-3 JLHZH DNA 32 HtZ: I8 Sambrook 45
D 51 A A B2 2 SCHR [ 17 ] 48 1 18 4
16S rDNA )38 FH5 14, Primerl ( BSF8/20) :5'-AGAGT

TTGAT CCTGG CTCAG-3’,Primer2 ( BSRI541/20) .5'-
AAGGA GGTGA TCCAG CCGCA-3'; PCR =¥ 1) 4k
5 I 2 IR G U B 5. PCR 758 L ifgE
LAY TR AN 55 A R A w0 Y, 45 3R 7E Gen-
Bank H1i#47 Blast [FJJRFIIK K

Witk B3 I RGEL B T ARG K E W
AR RS OC R 7 41 B IO 5 1Y 8 AN T R 11
16S tDNA, #] A ClustalX 1. 8. 1 ( Thompson ) #£47 b
X, i MEGA 3.0 k{4, ¥/ Kimura-2-parameter
FRBIRRIAL H R G

2 R4

2.1 £ E% B3 ABERRERTHEBEERE
ROHDE

SEIR R A B R B-3 & BT R HL I RO
PR 255 TRT 250 2 B AL 410 o P (900 5 0 B
WIEHA —EN 2SS, WIR(81.3%) > KIFR
(75.0% ) > BRI (29.2% ) , H.A454b FH ] 5 &
FHER(P<0.05)(F£1),

&1 EPEk B-3 MR ZEREMNEER

Table 1 Inhibitory action of biocontrol strain B-3 to Fusarium oxysporum f. sp. vasinfectum

b3 BV H A2 (mm) ARINHIHE (% )
Treatment Colony diameter Growth inhibitory rate
KB Fermentation broth 13.5+0.2 ¢ 75.0£0.1 b
FHEKIEN Filtrate with cell 24.5+0.3 b 29.2+0.0 ¢
BTk B-3 B Strain B-3 cell 11.5+0.2 d 81.3+0.3 a
JEHIZK (CK) Sterile water 31.0+1.2 a —

1 FANEE IS AR A AR PR TE 5% K F22 7 8%, FEl, Note: The different small letters in the same column means significant

difference at 5% level with Duncan’ s multiple range test. The same as below.

2.2 £BiEEE B-3 FE R BE

gEUL R KR B-3 A FEBRT )5, R 4R
TR R T R R, 5 X IR 100 mg/T.
Z W RAICHEKAEFEAE L 2 0 E M2 5 (P <0.05),

BRR B-3 X BARRG 2590 9 B 16 8RN 73. 6% , 11 .
=T xR 100 mg/L ZHE RAYBTAL(P <0.05) ,J&%
BRBR 1.3 /5(F2) .

R 2 EREK B3 MEBBERNEBIEHR

Table 2 Control efficacy of biocontrol strain B-3 to pepper wilt in pot trial

ISt HEHR(% ) TR (% ) VEHIEE RS BiIARCR (% )
Treatment Seedling emergence Disease incidence Disease index Control efficacy
B-3 98.7+0.1 a 7.5+0.1¢ 2.5+0.1¢ 73.6+2.0 a
100 mg/L Z 1 R Carbendazim 90.4+0.1b 9.8+0.2b 4.1+0.1b 56.8+1.6 b
TJoH /K Sterile water 81.1+0.1¢ 12.3+£0.2 a 9.5+0.4 a —
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2.3 £FE# B-3 BIHE B HRE

SEIRLFR  BRIAR B-3 AbBEBURURP 105, RV RRAR &
THHR LT KR, 54 100 mg/L 2 R
FITCRE KA BIAR LA B P25 5 (P <0.05) , BAfE

B-3 X BRMURS 259 1 B 6 3R R 64. 8% , B i T
X HE 100 mg/L Z R R PIBRL 29.7% (P <0.05) , /&
ZHABIRE 2.2 5(£3),

F 3 ABER B-3 XTI 5% 0 H 8 iE B8R

Table 3 Control efficacy of biocontrol strain B-3 to pepper wilt in field

Ak R (%) TER (% ) YRR B RCR (% )
Treatment Seedling emergence Disease incidence Disease index Control efficacy
B-3 90.6+0.3 a 11.7+1.0 ¢ 6.4+0.2 ¢ 64.8+0.1a
100 mg/L 21 R Carbendazim 84.8+0.4 b 15.2+0.1b 12.8+0.5 b 29.7+0.3 b
JCHE K Sterile water 80.3+0.2 ¢ 17.820.1 a 18.2+0.1 a —

2.4 EFEHR B-3 B SYSE 5 15 FR4F1E
WEREE , LA G, R T B
HGA TN, BT FE 24 h 5, BEA O R F5 4 B 53R
BB T AR, ARFFAR B v, AR 0.5 ~
0.7 pm x2.5 ~4.5 um, #i B 54 4% 2 YL@ BH T,
ZEMNEDE , th A R
2.5 £FE B3 B9EEA LY
kR B-3 M AE A AR RE M S5 R R 4, %

DR A2 ik i B 0 N V=P S0 127 22 B AR Akl I
BIVPE , e S 1k 4 2 05 7 2, e i Dt s 1R 6 ROk fige v
By BBTE S 1% ~ 7% FAACENAT NA R A K i
TR N 50 °C , ARABAA S A0 S5 2 T A
WL RGN TS bk B-3 A S A
AR FEPE 5 A R ZE AT B Bacillus subtilis 52 H
E2/5 1IN

R 4 HEPHEE B-3 BB A L4

Table 4 Physiological and biochemical characteristics of biocontrol strain B-3

gE| gER =] %

Item Result Item Result
AL Oxidase + MR 3256 MR reaction -
AL Peroxidase - PEEXTIR K AL B I FI A Carbon utilization
S A4 AL S5 Nitrate reduction + HA Glucose +
BB AL Gelatin hydrolysis + D-FLB¥ D-galactose +
FrETREFI A Citrate utilization - B[ AAHE Arabinose +
AEETRAUK M Arginine dihydrolysis - HE 4 Mannitol +
V-P 5255 V-P reaction + D- A D- Xylose +
TER KA Starch hydrolysis + D-B¥ D-Fructose +
MR (7% ) Growth in 7% NaCl + HILEE Inositol +
e A KR E Growth at 50 °C + 1AL Sorbitol +

H o+ TR, ¢ - FBRPIE. Note:

2.6 £BhE 4 B-3 89 16S rDNA BSOS MM REZ L
BEHE

PR B-3 1Y 168 rDNA 34138 48 GenBank ik
17 Blast [FIRFAIRER,, 4R R, 7ERE KR MIT
(AT 100 ANFEHIH 96 340 ZEAUAT & , Ttk B-3
SENMREMEAR L 99% UL F. NRG LB RIR
& B, Wtk B3 755 Bacillus subtilis T ¥
MO5 ( AY553098. 1) Sy sl —A~5r 32, 4k i

+ ’ means positive ,

* = " means negative.

BT XM RGO R RIE(F 1), EE4
B ARk B-3 JE 8515 72 e e Ak PR A AL AR A 2 5, ]
DK BRI RE B-3 2558 Ik 5L 2E AT B Bacillus subtilis

3 it

A A B R B-3 3 R B BT, R %
TR IR B3 S P 23, RIS AR AS B 1 52
FeVE LGRS P B9 BLEAE T, BT A A B
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96

08 |: B-3
Bacillus subtilis strain MOS5 (AY553098.1)

Bacterium Te83R (AY587837.1)

82|

Bacillus subtilis GR(EF491625.1)

93

0.02
s

94

Bacillus sp.AH-E-1 (AY485275.1)
Bacillus licheniformis (AY971527.1)
Bacillus subtilis (AB065370.1)

E Bacillus subtilis MO2 (AY553095.1)

Bacillus sp. YNUCC0002 (AF318900.1)

1 E-TF 16S rDNA F7 5 ERERE R B-3 WX AR REL TR
Fig. 1 Unrooted phylogenetic tree based on the 16S rDNA sequence of strain B-3

sequences of validly described bacteria associated

(RS2 AT BE LA K, 3 5 P8 i 43 AH O fit 1 AH W)
AU B AR S R G 5 L RUR, 25 %
(IR, G5 R IR R (73. 6% ) 1 T H ] B 2
(64.8% ), iIX LH = P BHAL S 0] B 30 AE 4 — a2
(25 B A B E bk B-3 W E] B RLBEIL 2 64. 8% ,
UL R B-3 B — 2 i T & A, (0 5 B 9
HIL AN (8] By 5 4038 75— 2 5

KV RUE S FELEE A A AR PRI E | I
454 16S tDNA JEH 2751 08, % A B s bk B-3 iF
TR, IR I 1k 0 4 58 45 R — 3, IR A BT 1
Pk B-3 S5 58 MR 5 ZE AT B Bacillus subtilis, 156
I3 TR EAE R — R T | PR i 5 T AT AR
LS E T N FEOUB RAE AR | SR 2%
G AR S TR
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