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i E: [Br] W0 6 ¥k I3 2E AT I ( Bacillus velezensi ) %f 7 Ff - A% 55 JE 18 B9 36 vk, B Hab L e,
AL B LE W B A SR AL A BT IR A ISR GG . LO53E T SR AR URE V5 00 5 5 BT TR R AT 7 i A% 995 J5E TRT A 410 TR
e, TR BT WL 0 T S ) T 22T A R 5 SR B AR R e R VAR, S S R R S BT
AR AE B ML AN ES , JFFH PCR U 14 B2 AR K U 5 P v 45 0 i A= R G EE I (myeB. fenB. itud. sfp. bamC. erisd.
spaS. bacA. yndJ F gk). [£HRY FrA MR & bk (NNOI. NN02. NNO4, NNO5. NN88 Fl NN95) Xf #% #% @i
( Sclerotinia sclerotiorum ) . K % f1 U8 ( Botrytis cinerea ) . SLA 22 4% 18 ( Rhizoctonia solani ) . S 1Bk 71 Wi 2 & 1k
#Y ( Fusarium oxysporum f. sp. cubense ) . 554 /N ( Scleritium rolfsii ) MR FLRERE ( Phytophthora nicotianae ) 5§ 1%
P JEU R FR) T 22 A I B ELA WL B AR T, R R S R IR A R W 5 NNOT, NNO02, NNO4 1 NN88 Xf 2%
T 7T T T 22 A B M ORI %l 40.56%~56.30% ;I B A U 4 1 24 B S R AR B B MUEE TR
Bk ar s At . B 22 B R RO B A PR R BE R 2 AR B B R ARR PR R R, BRSO 4
il 53.40%~71.32% Fil 43.57%~ 65.68%, e T~ B3 A 0 25 MUAT B 00 MR BI7 e SICRAR 24 5 T A 475 B0 AR BE 7 2T 2 R
M EEE, BT NNOS FE[H 4 RIS fenB, HATA BIARESED mycB. itud., fenB. bacA F yndJ % Ng 2P E £ M
KA, [Ee ] BrA I E /Y DUSRET 27 MR AT X 6 Fb L A% 00 JeU i 3 A M, BEP- 4R R A G, #5a
mycB. itud. fenB. bacA Fynd] % 5 Fyul BN, BA PR AR ENE .
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Inhibitory Activity and Mechanism of Bacillus velezensi Strains
against Soil-borne Pathogens
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(1. Agri-animal Industrial Development Institute, Guangxi University, Nanning, Guangxi 530004, China; 2. College of

Agriculture, Guangxi University, Nanning, Guangxi 530004, China)
Abstract: [ Objective] Inhibitory activities and antagonistic mechanisms of Bacillus velezensi (Bv) strains against certain
soil-borne pathogens were studied in search for new venues of biological disease control. [ Method] Antagonism of 6 Bv
strains, NNO1, NN02, NNO04, NNO5, NN8§, and NN95, on 7 soil-borne pathogens, Fusarium oxysporum f. sp. cubense,
Sclerotinia sclerotiorum, Scleritium rolfsii, Botrytis cinerea, Rhizoctonia solani, and Phytophthora nicotianae, were studied
using a plate confrontation test. Morphological responses of the pathogen mycelia to the Bv strains were observed under an
optic microscope, and the control efficacy verified in vitro on mulberry and lettuce leaves. Activities of the extracellular
enzymes (e.g., cellulase, protease, and -1,3-glucanase) produced by the Bv strains were identified with differential media, and
10 antibiotic-related genes (i.e., mycB, fenB, ituA, sfp, bamC, Erisa, spaS, bacA, yndJ, and Qk ) in the bacteria detected by PCR

amplification with specific primers. [Result] To varying extents the 6 Bv strains inhibited the mycelia growth of the 6 target
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pathogens. The strongest effect was shown on S. rolfsii. NNO1, NNO2, NN04, and NN88 displayed inhibition rates ranging

from 40.56% to 56.30% on F. oxysporum. The appearance of mycelia on edge of inhibition rings changed significantly with

broken, leaking intracellular substances, and darked color. /n vitro the Bv strains significantly inhibited disease development on
the plant leaves by S. sclerotiorum with a control effect of 53.40-71.32% and 43.57-65.68% by S. rolfsii, which were

higher than or equal to the inhibition by B. subtilis. All 6 Bv strains secreted proteases and cellulases with the presence

of 5 lipopeptide antibiotic-related genes (i.e., mycB, fenB, itud, bacA, and ynd.J), exceptno fenB found in NN95. [Conclusion] All

6 Bv strains had varying inhibitory effects against the 7 soil-borne pathogens. They showed extracellular protease and cellulase

activities, and almost all of them carried 5 lipopeptide antibiotic-related genes. These Bv strains could potentially be applied as

biocontrol agents for control of diseases caused by the soil-borne pathogens.
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I BLIR R B SR L AR M K R AN
B IELVE W 15 AE AR B, R B F B EE, &5
A 3~ 5 4F 5 n] i B 20%~40%, ™ HE Y
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NERTEFICF . TG P I BE KON 25 5 005 I o 7= AE
vk, A RE RN ALY S5 AT RIAER
Podek ey 30, J2&SE AR Y) T A5 F A A B 0
AR ARTET. BN TR R E Y
Bive A= w A, B T K% ( Trichoderma sp. )
FUB AT B ( Pseudomonas sp. ), HAYHIZ R ZE Ml
)& (Bacillus spp. ), WATFZFMIFTER (B. subtilis ) |
fRVER ZE AT B ( B. amyloliquefacien ) 1 U1 340 25 g
FFB (B. velezensis ) 45", 7 al {4 2k 43 ) 45 b
ARG IRAT SRAR D, mT ] TR A6 7 B i 590 =8 b
BRI A A A PR, B Y TR R K LA R B 7 A A
KEZ MRS E R E, ik, e R AT
22 R A A% 0 05 D TR EL AT 55 OV T A 2B 7 T
IR AL A . Car AWEoe
JEY VUSRI 2FMOAT R AT LA AR SUAE R L OB A
RAPUMIE A, Al . Tk fiB E¥HETZH
T R SERM, UL 3T 2 AT
J7, R Z2 AR e D L TR R A TR B HAT R4 R
SRR DU 2 MR B E69 T Hi A
E33 Btk 2 K HOKR I N AT, X SE A 2 T
( Rhizoctonia solani ) . JK*%J#IHE ( Botrytis cinerea )

nu\:

10 8% J] W ( Fusarium oxysporum ). A B & %

( Phytophthora nicotianae ) 1 & % 1 B ( Alternaria
alternate ) 55 %3 I T ¥4 H A W 2 W5 i /E M [16];
X BT I TR R R P 3 B e A DL SIS 20
FFEf ZF2, Xt 2 AR ( Corynespora cassiicola )

TEN Y 6 B it 0 TR A 7 Ao J 4 TR B 3 L
ROR o DA AZ 9 S BR Ry B AR A9 40 D30T 25 AT 1
T v B A —Se il . B Se oS b gy B v gk
15 VUSRS 27 MOAT I CX-2 bR, X BIRRRK RS . /A2
FR Z AW 6 Fh A% 55 I8 5L T 25 W] . 1% 40
W PE o DU 459 55 AR e 1 s i 1 43 ) Sy T e
WAL (F. solani) FFFH/NEH, TR %E" NP
AL AR B A 1 v 7 18 43 B 63X 2 A R A S AR
FH B9 USRS 25 MOFF 14 TYX-2 B bk VRO ™Y I 4%
AR BR M O B AR N S WA N (F
oxysporum ) A HEUNE Y VLS 25 BT B 1A ik ZF 128,
R I B A 82.46%. U1 3T 2 I AT 1A 2A-2B
T KR & N 2= BL Sporobolus airoides ¥3 [l + 138 43 B 3K
B, AT EEINEI ARG . SR 2T . B
#% ( Phytophtora capsici ) )5 5z 9 71 0 55 4% 5 B
W2y R ORBRE AR Y AR 4L i
HABFFE H DL A B PR 2S99 1 ( Enterobacter spp. )

M ZR IR R (Sclerotinia sclerotiorum ) YE 8 B ¥n
M, ARAS — it BAT B A5 BT R Y 28 M A R
Pk, HrNNOL, NN02, NN04, NNOS5, NN88 #1NN95
A5 6 AN B0 T M 2 E O DS ZE AT T Y, X
L5 BT R R R 6 e T T A T2 AR R D T
W EA PO M S AR P A R . OO
YL A ] A I AE NNOT, NNO2. NNO04, NNOS,
NN88 1 NN95 45 6 Hh UL S 37 28 MU AT 8 X A% 8L . K
W SRR ZZROE L R . SR RMEE
T P M AW S ( Pythium ultimum ) )30 B 15
PE, LU R 7 A 1 A il K 45 R BT A2 3R AH G
SEIFRZE, A R L LA T B AR W B G e A
PG, A — 20 I R T3 S 4 T bk 4 A B e
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1.1 SR

111 Btk B AR A A 6 Bk DLSIENT 2 AT 581 B Pk e
A g F RIS, Hh NNOT, NN02, NN04
SYES SR EAVEEDR 12 BURS%, NNOS. NN88. NN95
Sy FAM R 62 BuH IR M A R
PO AL BT . KRR . LR L R Ak )
B ELRE (F oxysporum f. sp. cubense ) . F54& /)N
NG RIS [ S iE R VI D
FIZR R R o B R IO/ A7, A Bl [t 7
P R A s Be M A B F g = Rt TR
A B2 Pl i) SR BB A RE SR 62, fh T Al b
W5 AR TR AR, AR R X
HE Ak B 2 BT TR TP 3 S TR b R AE B
FAT IR R P (RURSY Sk 1x10" CFUg ).
1.1.2 34X LB K33 (luria-bertani, LB): [B2£}4E
WY 5.0g, BEHE100g, NaCl10.0g, EB 1K
FEZEF] 1000 mL, pH7.0~7.2, AfEE2F MFF 4 3%
IR FAME 200 g, HMAM150g, NaCl5.0g, 4
WE0.5g, EBET/KEAE1000mL, pH7.0~7.2, &%
% 28] %5 b R B 37 B (potato dextrose agar, PDA):
PDA ¥ [ BD A, R 5ECH] . V8 Kigdt.
V8 it 200 mL, CaCO;3.0g, BifEH 150g, E£H
TAGERS) 1000mL, pH7.0~7.2, 5 EEH5 5
B AWM 12.0 g, BUE200g, EETKERR
1000 mL. £F 4k 2% B I 15 95 56 . R WP L 2F 4k K 4l
10.0 g, M 10.0 g, BifE 20.0 g, EEEEH 5.0 g,
KH,PO, 1.0 g, NaCl50g, EBETFKEZE] 1000mL,
pH7.0. B-1,3-% SR M it A6 00 45 9% 3 . WELE D 5.0 g,
EHEM 10.0g, WIRL0.4g, NaCl5.0g, FHfK20.0g,
EBT/KERZE 1000mL, pHIH 5.5~6.0,

113 Z&MERE  LRE pH I (HRY-EH 2
IERFABRAR ). GO (CARME R EARA
Al ). BB FRIRG A (AR SR A A A
A ). HAVIE R B RN (AR S S A IR
Al )L O EEEEH (Biochrom A FRZA R ). PCR
10 CFEBR R R B P EA IR A E ) .

1.2 REHE

121 BRNEMFRAAAPE FHea 2 KA
S IR VR I A 6 Ak DL SR T 2 M AT B X 7 A A
Wy A e SR A RIAE ] . RIS PURE LB B
Fedk, 7628 C M FHRGHIFRE ODggo fH N 1.0; 45
Tl JL B 7E PDA 15 95 F- Mzl V8 15 77 B Pl b (4|
TR ) W3R, HVEEALA N 8.00 em i, JHITILAR

TEH VRN G I EH A% 0.6 em (T BE, {818 50T PDA
S R e, A LR S 2.0 em XFARAY 4 4 4
Ff 1.0 pL FEPUR B, DL LB WSR3 X IR , FEbk
FEVB 3 ESE . X (CK) FHr b 5 3 E 7% B
2% 8.00 cm B, k4% A b B 55 0 IR BV B
7, T ARG 2 R KIS R R
il 2R /%= (X BEBH V% ELA2 -Ab BB V% B4R ) /) HR TR 7%
E £ X100,
122 BHRNEMFRATE M R RE B LTSGR
BT 3R X R 5% 5 v A SV T T 22 A TR S
52, DRSNS BT DA BP0 SR TR 1 15 5 A vt R
1.2.3 40N KA AT E LA KB & T m R 8 37 4]
el AR B TR R AR TR B 2E AT TR
WK SRR ORI FEHE ), 28 €. 200 rmin ' 3
F% 48 h, 13 B HU A K WEW s W K BRI AE 10000
rmin | ZF F B 10 min, WHC R, ] 0.22 pm )
20 PR Ao U R AT UE AR AT TO TR & BE L VE W I RUZ
PDA AR (BUEK &, FER16gL", FTEN20
gL, BB RN 0.6 cm B J5 B 1 F BT W2
PDA VA e 5 ZEREES 9 2 om Kb XTFRIY 4 07
¥ LR MRFRIITAL, BUE L2BURE A, K 40 pL
T KB B WM ABTE AL, 28 C T A8
Fo UIIMATCE LB Bi g3 xt e, A4 ab ¥ 3 4~
2o HABRRIF«1.2.12
1.2.4 =t R BB B4R N ENFIATE GG %
HR PREGT R /IME R A% £ O B bR i R T A
B A ROR I E o SR /M AR F TR R, R
M X RR I 2 A E RIS T, R R E 3 AW
FrRE N TR VR S ST AL, WDFER T A 0
Ab, JCTH PDA K537 A% A0 T 22 it AR S X RR
B R B TR A EAE L, A RIEE K (CKL) ., #r
BEFEH R W (1X10° CFU-mL ) FIA %2 AT 14
AOVR A A CHE BE 1000 £ ) (CK2) Mi%5, Znf
RIREATE KN IR, BAEIE3RER, 24h 5 HE
WS 1R, R R T 28 °C B R TPOE 72 h,
DA 5258 SO R B A ELAR TR AR .
B AN A= 30t |, BR SRR 25 °C, #EFh 48 h
Je R BE R RN, AR AR St e
PR o B A AR /%= (R BRI 9 BE A% -4k B
FORBEEAE ) /XF BRI 7 BE LA X 100,
12.5 BRNEMFRAA MG R B ERGN T &
P PR R AN . K 6 BRAFIN S TR 4270 T LB 1557
Sp, 28 °C. 200 rmin | FR ¥, % W ODgy fH
0.6, AR E 1.0 nL FEPIH W, 5 SRR
1A ARG I 355 3% 3 P AR 0 £ 2.0 em b, RE 3 A
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HA, LIJCH LB R E R EE Xt IR, Bk 2d ),
W57 T 7 30 02 5 8 B W 1 . A58 iLE B
AR 375 W1 VL A9 R /0N 0 O AT e 5 A R 1R T M R
NG EFYE R AR 4 AR Oy R U B
PR 2 T £ 2 3R TS R AG I 355 R 3 L, & 28 C
Wik 3dJm, MIBRRE N 1.0 mgmL ' AR HEL %
W 5.0 mL Y a 15 min, 5] KIS 0B WM A 5.0 mL
1.0 mol-L™"' ) NaCl {5, ##% 15 min, {845 NaCl %
W, SIS Y iz B VB . B-1,3-4 SR g 07 1 1)
W 7E B-1,3-%0 FMHBENG M A 15 772 2 b kAT, $AE
A5 TR ) 2R 1 AR M P A

12.6 BANEMFOAFAREE WAL GLN K
PSR A B TR myeBPY | fenB™ | itua ™| sfp™,

bm&ﬂmeJmﬁmmﬂmmwmﬁﬂm
10 NERBEEMGIY (F 1), 2Ll 6 BRAE T
A1 56 TR 2 DNA AR S A H % B b 2k R 3547 PCR A&
M, PCR MK Z : BN R 50 uL, H i Tag
Mix25puL, EF#HEI4% (10mmol-L ') 4 2L, DNA
Bt (50ng-uL )2 pL, ddH,0 19 pL. MiZME: 95 C
AR 5 min, 94 °C 781 30s, Ek 30s, 72 °C ZEfH
2 min, 1217 30 MEH, &5 72 C L&Al 5 min, H
i erisd WIIR KRN 54 °C, bamC., bacA F spaS 11
B 58 °C, HAE B IR KR EE N 55 C.
PCR =) 4 1.0% B BEWHBE RS FBL UK AT , 4 iy /)N
WEH Y Beadb AT I i A f5 e

*1 BTRNER DGR FRTEREZHXEENSY

Table 1 Primers used to detect antibiotic-related genes in Bv strains

SR BB EFH (53"

Genes Primers and the sequences

R

Antifungal substances

J B
Product size/bp

MycB-F: ATGTCGGTGTTTAAAAATCAAGTAACG

DU R

mycB MycB-R: TTAGGACGCCAGCAGTTCTTCTATTGA 2024 Mycosubtilin

s FenB-F: CTATAGTTTGTTGACGGCTC 600 FRE
fen FenB-R: CAGCACTGGTTCTTGTCGCA Fengycin
- ItuA-F: ATGTATACCAGTCAATTCC L o47 P 5 T R
i ItuA-R: GATCCGAAGCTGACAATAG Tturin

i Sfp-F: ATGAAGATTTACGGAATTTA 675 R
st Sfp-R: TTATAAAAGCTCTTCGTACG Surfactin
bamC Bamc-F: AGTAAATGAACGCGCCAATC 057 FRHR
an Bamc-R: CCCTCTCCTGCCACATAGAG Bacillomycin

» Erisa-f: TTCGATGARTTCGATTTGGA 357 Erici
erts Erisa-t: GCAGCCCTTTTTCTTTTATTTC e

s Spas-f: GGTTTGTTGGATGGAGCTGT 375 MRLE R
pa Spas-r: GCAAGGAGTCAGAGCAAGGT Subtilin
bac Baca-f: CAGCTCATGGGAATGCTTTT 108 WA R
ac Baca-r: CTCGGTCCTGAAGGGACAAG Bacylisin

i 147-F: CAGAGCGACAGCAATCACAT 12 BEEA
e 148-147-R: TGAATTTCGGTCCGCTTATC Yndj

. Qkl-F: CTTAAACGTCAGAGGCGGAG 704 R B 2R I i
q QkI-R: ATTGTGCAGCTGCTTGTACG Subtilisin

1.2.7 ##%it 5ot H Excel B FHH M bnvE
%, F|H] IBM SPSS Statistics V21.0 & {447 5 112
GyME, BT E M 2EM KD (SSR %) T FH¥HZ
) By 22 7 E A, T AN ] A R ] %) 2 S5 8 ik

2 ER55H

2.1 6 RDGRES AT X LA m B R R R EE
R FIXTIRE 3 7R 500 %E 6 Bk DL S d9r 2 MO T B %ok 7 Ao
A TR I A, AR, 6 MRAE DU

MR . KERI . SIRZ2E . RIEIRITH . 5
HE I RURITR B 2 5 © o It B T 22 A K I R
MARHIVE R, XA RO A R (& 1-A ).
AN TR 45 470 TR AR X AN [ Ji o 1 49 RO R A 2
St PRPR NNOL XAZ AL pE . K476 . SR 7Rk T B AN
FERE /L T B ISR B, IR I IA 34.07% M
DL NNO2 5P/ MZ I rimfiliaE i, 15 76.11%,
Xof % A TR RN A A6 8k T TR 0 B S 4 0 Dl 52.22% il
46.67%; NNO4 X 58 /N T A1 H 615k 7] TR 1 30 581 376
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ERAE: 6 (kN R F AT L5 mRE 08 F R L AE A 375

PEREE, 20k 74.81% 1 56.30%; NNS88 X 55 %& /)y
A AR R AR ORISR R =
62.41% F1 40.56% (£ 2). #AEEEMF, A4
B TR R X TR /A T LA B B I IR T, TR 2290
il 2R TE 28.70% ~ 76.11%; A 4 M 4EPUE R (NNOT,
NNO02. NNO4, NN88) £ Xf 4 fu i /) b H A 5o (1)
THIVE, 4% R AE 40.56%~56.30%; T A H#5HUH
TRGT ST Ak 22 A% TR R AR e 928 5 400 o 4 P A5, TR 2240

NNO1 NNO02

il I AR H] 19.26%. R F Al 5L 28 J AT 18 5% 35 2k 45
FERIA TSR, TIERR IO R B, DA
DAL« DK 25 60 TR R ST A 22 A% VLA Ry 4 7R PR 2R A7 % IRg
Rege, 53R T TR R 04 O TR & T VRONT 0 i A
YIHA W B mEER (B 1-B).
22 HERIGRFFHEAENZERMREEREERE
231 Nz 0bA

16 PDA FXJIRE 5% 48 ~96 h )i, JH B s Wi g%

NN04 NNOS NNS88 NNO95

‘ .

e CK, LBIGFRIE; 1, BH: 2, KHi&if: 3, H2ZKE: 4, ROAMIIHE SOk 5, F8/MIHE: 6, WRES, 7, LWHEE.
Note: CK, LB medium; 1, S. sclerotiorum;, 2, B. cinerea; 3, R. solani;4, F. oxysporum f. sp. cubense; 5, S. rolfsii; 6, P.a nicotianae; 7, P. ultimum.
B 1 DUREZFIAE (A) REXEAERE B) X 7MHIEFERREELZE KAOIFIHSR
Fig. 1 Inhibitory effects of Bv culture liquid (A) and cell-free fermentation broth (B) against 7 soil-borne pathogens
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Table 2 Effect of Bv strains on in vitro growth of soil-borne pathogens

Bk B At 2
993 R B. velezensi strains and Inhibition rate /%
Pathogens
NNO1 NNO02 NNO04 NNO5 NN88 NN95

FENGH (S, rolfsii ) 67.59+4.12a 76.11+0.61a 7481+6.11a 46.67+6.70a 62.41+2.57a 28.70+3.88a

WA (S, sclerotiorum) 34.074+16.19d 52.2243.14b 19.44+885c 14.81+2.18b 13.50+2.58d 10.93+3.47b
IR EE (B cinerea) 56.394+1.67b 11.11+4.16¢c 13.056+246¢c 13.89+520b 12.784+320d 22.78+4.11ab
R ITE o LR (F. oxysporum f. sp. cubense) 4778+ 1.41¢c  46.67£099b 5630+3.63b 11.67+1.53b 40.56+9.65b 11.67+1.17b

JHELRE R (P. nicotianae) 10.00+497e¢ 1296£1.67¢ 13.70=1.67¢c 15.74x1.30b 19.26%+2.69¢c 15.37+3.02b

e R Hdno 3 KR KPP hRER, FSIMM RS TRERORAE 0.05 KT EEREER
Note: Data presented as mean +standard deviations were calculated from three independent experiments.Values followed by the same letter within a row were not

significantly different at 0.05 level.

WHEW TSR MK EMERZIES, 4R
7k, NNO02, NN88 Il NNO5 B bk Ab FH i) 4% 43 T8 i 22 )5
AT, BN, AR 28R, R A A
ANHI5); NNO2, NNO04, NNO5, NN88, NN95 4b

CK NNO1 NNO02

¥4 J 7] 75 0L TR R 22 AT R LAY SR B, NINOT, NNO04
ALb 3 4 % 5% AT T 2 B NINOT Az BT %) 4 28 9 1A R 22
gliemz, Hsxu ez (K2).

NNO04 NNO5 NN88 NNO95

B2 DUEHSFMAEMZER (A) MREHE (B) BLESHEN

Fig. 2 Effects of Bv strains on morphology of S. sclerotiorum (A) and B. cinerea (B) mycelia

23 DGR F R RAB M F ERIBENR

ORAAE S R AR SR IME R, RSN TRl
Bt wa, 6 bR DU 27 AT il i oAb B, 48~
72 h ARG O, AR, PSSP i

CK1 NNO1 NNO02 NNO04

FECA S R B BT R K AN TR R R A A AR
(K 3), X490 0BG SR TE 53.40% UL I,
Hirp NNOT BIG %R N 71.32%, NNO1, NNO2, NNO5
BRRBIT VA SRS B 65.65% ., 65.05% Fil 61.46% T

NNO5 NN88 NNO95 CK2

e CK1, JoHK: CK2, Hili%2FfrF i .
Note: CK1, sterilized water; CK2, B. subtilis.
B3 #HnIEGEHFRARESHAM A LRREER A) MEXEZRE (B) HMHIHR

Fig. 3 In vitro inhibitory effects of Bv strains against S. rolfsii on mulberry leaves (A) and S. sclerotiorum on lettuce leaves (B)
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ERKE: 64k N E I F AT E 3t 2455 R H 69 I H] F M A A R AR 377

X FER R 2F UFF R TR 0] (CK2), HARTR R 14 47 1 24
R R ZE MOAT BT R R 2 s BT A BT R PR X
A SRR I B A0 ) 28R B4 T Xk AR e 28 AT BT 1R

F (CK2), Hrh NNO1Bj AR R R, HJ 65.68%
(£3),

®3 BHEHT 6 kIR FRTERBERMEREZRMPIEHR

Table 3 In vitro control efficacy of Bv strains against S. rolfsii and S. sclerotiorum

2% mulberry HEZEM: lettuce

L3 T Bt ELAT IRERVER LS IR ELAE DIRERIES
Strain Lesion diameter/cm Control efficacy/% Strain Lesion diameter/cm Control efficacy/%
NNO1 1.61+0.12 71.32+226a NNO1 1.97£0.45 65.681+0.08 a
NNO5 1.91+0.28 65.65+3.70b NNO02 2424075 57.824+0.13 b
NNO02 1.95+0.20 65.05+5.12b NNO5 2.5240.82 56.08+0.14 b
NNO95 2.15+0.10 61.46+1.87 ¢ NN88 2.77+1.35 51.72+0.23 ¢
CK2 2.25+0.39 59.67+7.00 ¢ NNO04 2.93+1.02 48.81+0.18 ¢
NNo04 2.33+0.23 58.18+4.19 ¢ NNO95 3.23+0.25 43.57+0.04d
NNS88 2.60+0.26 53.40+4.67 ¢ CK2 4.05+1.15 29.324+0.20 ¢
CK1 5.58+0.12 — CK1 5.73+0.91 —

e @ RPEIRNREL T IME T brifEzE, FSIHFE/NS FREORTE 0.05 KT EERFEZR. @ CKI: TRK; CK2: s ZF A .

Note: D Data presented as mean = standard deviations were calculated from three independent experiments. Values followed by the same letter within a row were

not significantly different at 0.05 level. @ CK1: sterilized water; CK2: B. subtilis.

2.4 FEIUDUEETIFROAT B R SNER TR 1

JiL A it 7% e AT R I 25 SR R, T DA AR AR 2R
22 Tt 00 it 2 P RS 0 5 R 5 1 4T e AR B g B
R, RIS SETR PR AT LU= A AT e R A AR g, O
HNNOT. NNO02, NNO4 Fil NN88 j= £ 4 2 fiff i1 GE /1
A5k, NNOS. NNOS 7= £F 4k Z [ i BE J1 5855 ;5 NN04
PR A RE ) desm, HOR O NINOT AT NNO2 T8 B o

S

4
B

TE B-1,3-#1 RMEBG A4 I, NNO2. NNO04, NNOS.
NN88 REHE T i B 8, {H &3 B B LR AN B 2,
B 33 S TR R T L A SRR I, O A
g E PR RIG, AR NNOT A1 NN95S 7£ B-1,3-% B
Yo T A 0 SF- A b AN 7= AR BT LI B R, e B AR I AR
T, X2 R ARG (B 4) .

7E: O1: NNOI; 2: NNO02; 3: NNO4; 4: NNO5; 5: NN88; 6: NN95. @A: #F#4Exfl; B: HAM; C: p-1,3-H BHEE.
Note: M1: NNOT; 2: NN02; 3: NNO04; 4: NNO5; 5: NN8S8; 6: NN95. ) A: Cellulase; B: Protease; C: B-1,3-glucanase.
B4 HERDGEHFRAREMNAHERE. SR p-1,3-8B RIFEIE &N

Fig. 4 Determination of cellulase, protease, and amylase activities in Bv strains

25 EMNEKEFHATERERAREXERN
o]

23 5 LAFE BB BR A 5 DNA MR M, (i 10
XFa1Y) (3= 1) Xduik 24 ik 6 56 R #E47 PCR 4
o HUKRIN R, BR TRk NNOS L4 A Y

il fenB JE () FF S 2kl . LR T BR T 5 R BRI
(mycB. fenB. itud. bacA. yndj) W54 ¥ n]§ 1
R R PR B AR, SR RUNIERE (K5), &l
J 5 IE 38 SR % L) H bR R R R B, 2R B 3K R R AR
HAEPFAENBMERE ., FRE. PHEEE. B
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FFEE 2 AU E B 1 Yodj B9 77, 1 NNOS B AR A
FEEFIRRRE T . 5h0 5 X (sfp. bame. erisa .
spaS. qk) W51 P11 B8 A & (B R

M1 23456 M1 23456 M1 23456

WoR ), R FTA S5 PUR PR T XA A A AR
WEPER . FPREEK . Ericin, Al 5 R RRG ROFT B R
F RS PTAE R AAOCHE A

M1 23456 M1 23456

D E

/I @M: 1 kb DNA marker; 1: NNOI; 2: NN02; 3: NNO4; 4. NNOS; 5: NN88: 6: NNO95. @ A: mycB (2 024 bp); B: fenB (1 400
bp); C: ituA (1 150bp); C: mycB (2024 bp); D: bacA (498 bp); E: yndj (212 bp).
Note: OM: 1 kb DNA marker; 1: NNO1; 2: NN02; 3: NN04; 4: NNO5; 5: NN88; 6: NN95. @ A: mycB (2 024 bp); B: fenB (1 400 bp); C: ituA (1 150

bp); C: mycB (2 024 bp); D: bacA (498 bp); E: yndj (212 bp).

5 DURETFRAEERTREZAHERBEKENER

Fig. 5 Detection of antibiotic-related genes in Bv strains by PCR amplification

3 ik Gk

DUSEIT 2F MOFF R IR 3z, RS HOAT e i
YA, AR A W) A B 0 B A R4 Y i
S, PR DU 28 B AT o8 s A B IR A ACAR L O X
HEHERL G 2 (9 LR W9 v B B T AR
TR W 6tk DS IT 28 M AT R F A% B TR L K A 4 1B
W ARG . R T L SRR TR I
PERE S R 2 R KR B A B IR, R
WAEY AR FH A B e R Bt T A . fEH
PLEAS ) 1Y 224> T8 R TR & 8 FH mT D42 s 45 B0 B8 19 By
BRCR, ATLARR R — ey EARRE , H R
AREEY EARRRES", 1545 i 2R 5 Ko m
g, B HARERIE G G HG, PG
TR A A .

ZF HIAT TR AT 23 WA 7 A 22 b I A0 g AP A 2R S
WY, S5MEEEY TR R LA
B HGE LT Bl . SRR . 2R 4E R B B-1,3-7 R b
B A5, A1 Y A 28 B HL I P T A Sk O R G 0 T
FEhRC, R AR R Z IR, WA
A BT ERTROR Y, BRI HE Z (lipopeptin )
MW EEGUE Y, DR E R K
W, REIEHERMFERER N E, KPR ERK
R PR R R . AT R POE R MBI EM R
4, MTRESRELTAANMORE | AHRORR, SR Z A A T
K FRZEMAVES D R E X RENM
L, X 2R BRI RO AT R TR B
AWy 20 L RE (D S5 A 2 B, AR RSB TS, X L A
S B T BB DY AR BEgE hi 6 A
T B0 DL ST 28 M AT A1 TR AR 1 B 43 Wb 2 1 Bl RN AT 2 R

fitf, 4 ABERERT LA™ A D) B-1,3-H RMEEG; PR T
NNOS F R A HERT fenB, T A $590 B AR A HEAT mycB
fenB. itud. bacA F yndj EHAERAHCIEN, KX
SR MRS B A AR R R . PR R PR
R, BATE R B EEN Yodj BT PRk
18 G Tl & T Y00 o D v EL A Y Wl R B R T, 9 TR
LIRS JiDNE R R RE Wi AR O 2 TN
AR TR A, HEDN 6 BRAS DU 77 A= 1 B A Bl R4 AR
25T EMNMMEDRE, 5HA S A FEHRAHELH,
NNO5 FRTE A b A BRSO AR B 2%, AT 3%
R B fenB BERA .

FEAE T 45 Bt B8R 7 T AR IE 8% 5% O g
PG P 5 i B AR BRSO AN R — — X R E R
NNO2 F1 NNO4 X [ 28 s B ~F- A 00 18 1) 49 7 45 2 2 )
h76.11% F1 74.81%, ¥4 Lk NNO1 B K 1 (67.59% )
fer, AER L AR B A S5O H NNOT Bk B, NIN9S
TR X 55 8 /N A B P AR A ) S 28.70%, B AR BT TR A%
R 61.46%, LT NNO4 F1 NNS8 B#k, A [ 1
WG VE AL A — 8 1 25 5 o A6 7 B Ieg 355 57
o, B AR T A RSP O O AR B e R )
PR, R AR R ok E ] [ 3 255 R R B R -
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ERFETCR . EREE T . RREIE R AR R YUE
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B4 AR AL 2E R A 2 5 2 R A oy ik
G AT, BB FAH 56 3k R B Al AE 4 B TR -
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6 Fk N AT RaAT A A 245 5% R B 6939 F 0 A L AE AL 379

SR 35 40 B 7 AR 15 0 B Rl 2 R vk i L
B 2E AT R B AE B R (ATCC 6633 ) X JAL 1 1
A TR A s, e R AP R R R AR
{1 A% T Bk BBG100 W) % e 7 25 # 7 . SR AE 4 JT
FINRIE T (Pythium aphanidermatum ) 45 W 5 10 4%
OB TS 5 SR 50 K o g 8 s 5 S 7 e 4 5
SRAF R M AR ORI  RAA
B, HHT DA X B R 7 AR S BT BT A 3 P S A
W . HAh, ABEE 6 BR IS DT USRI 2 M AT I
BIHEAT bacAd FEH, BATHEBRFTEENE . BT
20T 200 A SRR A ARV Y DL SR 2R AT
A A O L D 4 1 LA A e 3
AW GE W FE BT AR X 0 B A B (Ralstonia
solanacearum ) %5 - & 4 T Vs J5L 2 A5 A M HIVE R
{EAF 3 — 5T

6 BRAE DL VST 2 MOAT TR AW RS T, AT
JRAEE A IR LRTE . RBIRTIE . FFRENXE
IV B8 85 55 6 b - 205 5L DA TR 22 A K B AR
FH s A 5 B0 AR X8 RE S 440 1 5 1 2480 RN A SR T
MR m B R &, AR RMMEAN; KT
NN95 WA fenB, FT A H5P0 R BEABEE A mycB .
fenB. itud. bacA M yndj Fhi A RAH IR, HA™
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e Yodj B9 T, JEARY) A0 TR R AR B T
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