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h 70,37 % H AT E A TN FAR PR 4, B R A E A RE 7. LW-4 X4 R W 4R A R s FRARRTEE S 25 %01
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Screening, identification and antifungal activity of antagonistic
Bacillus spp.against tobacco bacterial wilt
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3 Shaanxi Tobacco Research Institute ,China National Tobacco Corporation s Xi’an,Shaanxi 710061 ,China)

Abstract: [Objective) Bacillus spp. strains with strong antagonistic effects on tobacco bacterial wilt
were selected from healthy tobacco rhizosphere soil samples collected from different tobacco growing areas.
[Method]) 30 samples were randomly collected from places including Longyan, Fujian province, Dechang,
Sichuan province,and Hanzhong,Shaanxi province. Plate dilution method was used to separate the strains,
and Ralstonia solanacearum was used as the target bacterium. The screened bacillus strains were identified
based on morphological, physiological and biochemical characteristics,and 16S rDNA phylogenetic analysis.

In addition, bonsai experiment in greenhouse was used to determine the inhibition ability, plant growth-pro-
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moting ability and colonization of screened strains. [Result) Strain LW-4 with strong antagonistic effect a-

gainst tobacco bacterial wilt was obtained and identified as Bacillus methylotrophicus. Its control rate of

tobacco bacterial wilt was 70. 37 %. LW-4 could colonize on tobacco rhizosphere soil with good colonization

ability. LW-4 also promoted the growth of tobacco seedlings. The antifungal metabolite extracted from

strain LW-4 by 25% ammonium sulfate showed the effective inhibition against Ralstonia solanacearum

with inhibition zone diameter of up to 37. 82 mm. [Conclusion) The obtained LW-4 strain could be widely

used to control tobacco bacterial wilt.

Key words: tobacco bacterial wilt;antagonistic bacteria;colonization ability; growth promoting;control
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B R 2 BT A 95 2K G (Ralstonia so-
lanacearum) 5|2 1) — Fp 4455 F . 2O W E
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HRIHED o AR A S AT A b X
TR E 2 — 16 TR K VT e R H D R X 3k
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FIR R 45 00 A AR AR 06 3 00 B 36 b B A Bk iR
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FE B0 5 I B 5 5K AN B N A T MG IR & AR
bR 08 A 48 b, 43 8 M3 RO R A R A
AR 1 6 1 FH 9 41 B4 5 Lemessa 2550 DAOIR FE AR L
S0 FH AR Br = 48 rp L 3 T 6 Bk X R B AR A B
FEPCE B A . T UL SR AR W B 36 T A S G
FREZHEWNI ANz Em", HETA X
TAE AR 25 B S AT 8 0 W55 . Ol AR BIF 5 R 4B
AN TR X0 AR B - 8 L R AT 0 2E FAT B 4 B
0 0 RITATD VU 52 X 410 SR 3 O R AR AT
Y8 IEIEAT IR B U Sy By IR HR R A
PEAEA: B G R Ry F ) 6 A 2 4R A R
1 MeS Ik
L1 # #

1.1 2HRE WA ea s E B

r 6 b ) it R 0 AR B 08 R SR AR - RE 30 3
1.1.2 3% TTCHFEM..EAMK 10.0 g 5

ZJHE 10.0 g BERAKMEY 1.0 g. Bifif 18. 0 g, AL =
AEFEDYE MR 0.1 g, 2% /K 1 000 mL,

ARBEEAGREREFRT 3.0 g, AWK
10.0 g &4kl 5.0 g, Bifig 18 g, 7&K 1 000 mL,
pH 7.2~7.4,

LB ﬁ%%?@%%é% 10. 0 g’%’ftﬁ}‘] 5.0 g,
Wt E 10.0 g, %187k 1 000 mL,pH 7. 2,

BPA Rk FHNE 3.0 g, HAM 5.0 g,
MM 10,0 g BERET 0.5 g, Jlfig 17. 0 g, Z8 1K
1 000 mL.pH 7.0,

NA KRR A REH 3.0 g, A 5.0
g, A 20.0 g, 28187k 1 000 mL,pH 7.0,

NA [E ARSI A NEH 3.0 g, EHK 5.0
g . HZENE 20.0 g, 51§ 17.0 g, 7% /K 1 000 mL,
pH 7.0,

NA F5 505 58 48 Bk Y Rs 9% 3 . 78 NA [ {4k 55
Feeh i A R & 4 Bk 0. 01% G b = 2 5L Py g mk
(TTC, Y@ UIF T 1150 0300 pg/mL FI4#F (RiD .
1103 BRaX Wk M5 A I B VS A 2 R b
LB KA AE YIS LR IR B L g & 4RI
114 JEESA O AR i BTG 4 0 R 5T T 2
Bt W F WY S 78 V8 AR B K A A
T2 56 3t o7 H IR PN RO L K B 4~ 5
M.

1.1.5 2 A 72Y KM K (72% agri-
cultural streptomycin sulphate ) 7] J& ¥4 #3714k
WAL TA BRI AR s Rif Al v 70, 5 80 )
A,

1.1.6 &M HE [HEEFHEH DHP-9272( L%
TG WA AT PR F AR ) VR e = AL =R KT
HW. SY1-P3S(Jb 5% AR J5 K Ji BF 4 & e A BR 2wl 2
77 e K B AR LDZX g R BT R A7)
1.2 ERFAAENSBERIE

1.2.1 & & FREUEEMRER 510 g 8 AR
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90 mL K E/KBHEIE I H . 160 r/min #E % 20 min,
80 C/K 30 min, 10 f5 7 B, WA .40 85 2lifbiy
T 2 2 R B A ZF F g 0, R AR B AR ™
2R 2 FQ Y B (9 2 B ) R AT R
1.2.2 9 2 (DI, WG RHMEEL. H
TTC $5 % 3 36 £ 2 A 6 M 00 0 55 35 #5950 4E 0 458
AR K L AL 2 X 10° CFU/mL 14 2 W, % #2 51
BPA [ 35 57 b, i e 3 40 55 35 A T 8% 7 5
We T 5 A5 MR R s B Rl 1. 2. 1 P 4B Al Ak 1 2
FE AR .30 ‘CREFR 2~3 d, i 2 30 1 F8) B4 A
BT OO 1 B8 B 9% 1 300 4 210 40 1 Bl 1 0 0 1 K
/N,

(). EIR g4 Rk . w0 i 5 2
(4 25 FOLFT TR PR AR B2 AP 3] 200 mL LB AR RE 7= H s
R 200 r/min 30 C 54T & BE 48 h; UK W
F 12 000 r/min &> 10 min, ¥ EiER A 0. 22 pm
20 P o B A A R AR DR A . AR R R R
SV 38T U AT R T R TR TR R TR 10l &
0.22 pm i P o 848 L U8 5 1 T K R AR
bR 15 min 5B BEACR 0T 4 RO O R
PRI 2 AR AR T RS Al s DI Kl IR R
30 °CFH59%.24 h J5 I 30 B R B AR
1.3 HRFAAENEE

BE R TR AR TR 2 88 B A AR A AR bR I
Z MR B ik 64T . 16S tDNA B 5 41
S MR S8 A A8 2 2 B Todorov 26 1 J7
PEAT . LAY 18 B9 15 50 28 A AT 1 5L 1 20 DNA Jy #8
M. b 7f (5'-CAGAGTTTGATCCTGGCT-3")
1540r ( 5-AGGAGGTGATCCAGCCGCA-3") H
LTS Y. P R MRS 16S tDNA, PCR =¥ £
10 g/ L Byt B BEE e A Uk A I ) o 3% g AR T A9 T
FEA BR 2 /) HE A7 77 5000 2 I 7 25 5 H BLAST 4k
PF7E GenBank #F47 [A] V5 1 b 55, JF 42 58 3K BCEE
Bk 5. kA Clustal X #4172 )7 %0 WX 5. H
MEGA 5. 0 1§ Neighbor-Joining ¥ #4 8 & 4 ¥t 1k
W, 338471 0007k Bootstraps il .
L4 FERFAFENIEEE
L4.1 Z&#ABARRE BAHSHPFATEmE
R K HE P FRAT DA TR R A NA TR AR B 57 2 L 30
C.200 r/min }5 5% 72 h, SR J5 I3 1 78 18 /K W B A
1X10° CFU/mL H&¥# . % .

7 R 50 A P A A AR B R 2 AR g 1 4 3 7 B
= AT 8 S KB AR B 5 (VR
O VeEHRtHY=1: D, HKHRREHRLEF

DR 2 4~5 S R S BOH T RIS B
ZEAEAT B (1 X 10° CFU/mL) H1i2 R 30 min,
BB WY 3 d 5 REEAR BRI Y 7 ik 42
RSP AT BB AW (1 mL/ 70 R R 2 k.,
R R 5 d, DL 72 % 4% B e B 2 2% T 1M R 7
2 000 F5¥ /KA X IE . BERR 1 d S R T B
B TTC 1557 He 1k £ B A 1 2k 04 40 75 5 Ak 0 1 e
Hil B 1X10° CFU/mL ) B 2 i R FHRE AR 1L 32
FeMpit oy 5 mL/ Bk HCE T 28~36 “C B B = N
I EE 25~30 d JiF o A A 08 A AR RO S L ge Tt
FIRF TR G BB e . B4 3 RE
BLEHEE 10 BRIEET . WIERR R = 2 Ol F FH X
YD / G A O R ™ 84 90 X100, B iR A
= O BRI 18 80— Ab R 175 15 550 /X B 15 48
] X100 %97,
1.4.2 3 300 pg/mL Rif 34 F AT R T8
ik AR FEAE A M E fF BPA [EMAEE 3R (4
50 Ty fm A Rif , i LBt i Ry 10 pg/mL, i
BCE R W) BPA AR, 835 B 2F 4T R AR BT IR
B Rif f9 BPA SFHz 8% 55, 48 h J5 Pk U 1 V%
A 3% A0 B I RAf oLV B 9 Rif 19 BPA SF AR i
S HBIE 1T 300 pg/mL Rif B AEMR . HR
ERRTE BPA AR EE F5 2 F R8I0 PR BGs Bo ik
A S AN B Y 8 25 5 it B A A TR R T 25 S 1) TR AR S
.

2012-01 . 75 PG AU AR AR} 2 I 27 A7 18 0 3 By o
M RSO MR R R R 4~5 M
T 60 ABA KRR E I HHE SR R M
JriEE A, Bk L R HT 300 pg/mL Rif 12
FOFF T BB (2 X 10° CFU/mL) BEAR , 5 207 3 1
B R b A TR 50 mL, B4 150 mL, B4k
P10 L HAE 3 . JAMLL 30 AR AR 1Y T A
XTHR, TAL RS B9 20,40,60,80 KL, 41 g
R B A 498 F TG 1R /K % 10 A5 HE AT 2 90 4 B WIS - A
WP Emm R . RN NA $5hU
ZRAF R MRS 77 2 (& 300 pg/mL RiD),
1.4.3 HRFFEHASBE G R AZR KR
FHE R FRW b it R
RFRIEFEAFE 6+ 3 = 1 AR B L B il Bl 36 5, KB
JEHEETEREPEM. DO H 4~5 AR
i RREEME TR £, 0 R 1t
e i 4 0 1 U A B 3 A FF R B R W (1 X 10°
CFU/mL)H1,30~40 min J5 B 73 M B AL T 24
KT E SRk, AP 10 Bk, 3 IRE K LB
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BLAHES PG Sl A AR B 8 OR 2% A s 1 6 2t By 1 =
t 30 CLRBIEFR. Jh R /AKX . T 1 JE )5 &
JRiC M ks R 1 . 4 S8R BEALIEER 10
PRAE T o /IO A0 1 B R4 Uk AR R U £ T
bk EEREE T 8 SF AR, AR T 180 T+
fE o £ I s BB T

L4 RAFRAAWADRORRALWEE
Mg 2 R RS PUSE AT RN ) LB WA R 7R A
DU R R LB WK By 3R L X IR 28 CL 150
r/min %85 24 h,10 000 r/min &[> 20 min, %
PR S A AN [F) 5 19 s 8 4 1 2 e A 1 3 3]
H10%,20%,25%,30%,35%,40%,50% ,60% ,
70%,80%,90% F1 100% ,4 ‘C F#EJIIE 24 h, 5
W K UUUE 25 mmol/ L B R 2% vl % i . i

M Bt 6 J -5 18 7 75 A0 B X URF 1% 9% . 36 h Ji5 P B 4R
FEE T S T R AR
1.6 BiESHH

K SPSS 12. 0 # A4 i) Duncan [T & ) 2
0 g B HEAT 4T

2 HREI

2.1 RRMFANEMNGHESER

MR AE B 30 473 10 AR PR SRR b, 43 5 45 5]
780 MR ZFAUAT R . LAKH ST A B O AL A 4 0
20 AT S8 A 6 T 43 B 0 2F AT TR AT B 0w O A A
i, 5 S H0AR B T R T TG R A I 2 A B
PR RR LW-4 (B 78 30 p 0 SR B+ B P Ay B AR 2D
HAMMEE E4AAE T 37.05 mm (1),

BI1 BB LW o 0 R 1 A S DR
AL LW-43B. %8 6 Y

Fig. 1 Antagonistic effects of strain LW-4 against tobacco bacterial wilt
A. LW-4;B. Blank control

2.2 LWAHHMHEE
2.2.1 BABHMH AARBARA AR ANEE F
NA AR FLLW-A4 HE ST A6, HiKE

s

oy

THHLURE » 0 G S AR IR . A B AR R L W4 2
FRAR, A5 22 FCPH R Jo 2 HE B SRS 40 i /b
(0.5~0.6 ) pmX(2.0~2.5) ym (K 2),

B2 BB RBECA) MR8 (BT LW-4 BB (A 25

Fig. 2 Images of LW-4 strain from transmission (A) and scanning electron microscopy (B)
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Table 1 Physiological and biochemical characteristics of strain LW-4
e H 4k e H o i H LS e H EAES
Test item Result Test item Result Test item Result Test item Result
W22 G YL 6 Gram stain + H &P Mannose + R Z [iff Urecase + pH 11 —
TE R K S T PR & 340 D AR o o . -
Starch hydrolysis + Nitrate reduction + Growth temperature 107 NaCl 50 g/L +
U K b - :
Anaerobic growth + Citrate solution 30°C + 70 ¢/L +
V-P iz M fie .
V-P test + Hydrolysis of gelatin + 55 + 100 g/L +
i eI K S )
Glucose + Caseinate hydrolysis + 60 °C 150 g/L +
Bl Fi7 AF1 B Arabinose + A AL Oxidase + pH 3 —
AW Xylose + &M Lipase + 4 +
2 F L Galactose — J2 fi fiff Catalase -+ 10 -+

TE 7 RN B SR — 7R B PR S

Note: +. Positive; —. Negative.
2.2.2 16S rDNA 53 54 5 & st oA Ay 2
VL LW-4 £ R 24 DNA MM, 5149 7f 1 15407
HEAT PCR &1 A3 IZTE#R 1 16S rDNA 1 1R ¥
FIKEE g 1 454 bp, $2 58 GenBank 313 % 5% 5 4
JX993817, it 5 NCBI Hp A = E kA9 16S rDNA
JF 9 FEXT o3 A JF A R G B L 45 2R (I8 3) R,

0.005

86

LW-4 B#k 5 W 38 35 B ZE W FF B Bacillus meth-
ylotrophicus CBMB205 (T) (GenBank % 5% 5 &
EU194897) il Y8 4 # 3T - AP 10020, 255 B
PR A 35 5 FRAE | AR 285 R0 A2 32 AR R AE S 16S 1D-
NA JF7 5 5y B 25 5 vl LW-4 B A o B 568 % Y
FHUFF B Bacillus methylotrophicus .,

63 Bacillus subtilis (HM753622)

Bacillus mojavensis (JF523540)

Bacillus tequilensis (JF496446)

Bacillus subtilis (F1624484)

Bacillus methylotrophicus (EU194897)

LW-4

Bacillus atrophaeus (JF700505)

Bacillus licheniformis (F1641027)

100
59

Bacillus son orensis (HQ336630)

Bacillus aerius (AJ831843)

Bacillus sp (FM162181)

Bl 3 JET 16S rDNA JF 8l # i) LW-4 15 Ho Al B 19 2 48 E A0 A

Fig. 3
2.3 LW-4 BI#RBOINEE M
2.3.1 LWAmEFMHBG ERGEHE A

AR B 45 2R (R 2) F W 75 45 Bl M B 55 A S
LW-4 T 8 Vi b 2908 AP 1) R % 27,5504 .9
TR HCR 15, 91, B iR Ry 70. 37 V6 5 1l % 1t 24 7

Evolutional tree of strain LW-4 constructed by 16S rDNA and its relatives

72 00 A4 At TR 4 7 2K TR ) 2 000 % R A 2 AR
BRI KRR N 11, 09% i E e 8k 11, 75, B
RN 76. 7700, UL LW-4 T8 kX i A0 557 A
T BR 5 S I8 A 5 T R A B B B R RCR
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Table 2 Control effects of strain LW-4 on tobacco bacterial wilt
b RIGHEN 973 1 98 B 5 1A R %
Treatment Incidence Disease index Control efficacy
LW-4 & LW-4 suspension 27.55+0.76 B 15.91+0.88 B 70.37+1.28
0 £ o A S

724;&%%&%&@?3{1@@%%” 11.094+0. 96 C 11.75+£1.47 C 76.7741.92
72 % agricultural streptomycin sulphate WP
i 7K Water 86.44+2.43 A 55.82+1.53 A —

TE R B (S bR dE 227 o RSN BUE R Br AN R K 57 B 3 R 78 48 Duncan [GB S 2236 K 0 7E P<<0. 01 K2R H. TX

Al

Note: The data are “mean=®SD”. Different uppercase letters in the same column show significant difference at P<C0. 01 level by Duncan’s

new multiple range test. The same below.

2.3.2 LW-A Btk EMEMRE LIEF LML

PRic g R W on .l A i D4 2 Rif T vk
(7545 345 T LW-4 it 300 pg/mL Rif #9450
PR A e B A VR R RAE B0 T e R AR KL TR
BPA [ A5 725 445 5 A0S Pk ICHS Ho ik K2 Sk
WHEEES SR AEMEKRE2Z RN REKEH. H
Rif TR IC I LW-4 T8 PR Ab AR B [l Sk T 45 S
FW, 7E Ab B S 0908 R PR 5 RE 4 B A )
LW-4, LR #8245 5 6 N 9 D B A 780 3 0K A [R] 5 17
Xof BEAE RSP Al b R DA T L U] W4
WA 2 TE fig

FEDCTRR L 5% b AR B RS 20,40 dL

BT 3 ) R 4. 57 1g(CFU/ @) Chg S ke b 4 1Y
S B T TR S B R B0 5. 23 1g (CFU/g) .60 d B
ik E (5. 69 1g (CFU/g)),60 d JG MR 2 (K
SE B W R OJT MR R BE. & 80 d AF, B A R
5.18 1g(CFU/ @) Ay A] 2 457 — > 8 @ K °F 45 1
SE B A R R LW-4 AR B R
2.3.3 LW Bsxmdegie A% R EEDR
B o 1 30 BE At b W LW RO AR B A K Y R
M, R LW-4 SRR 1R S A B T Y bk
(7.21 em) BB 1. 10 em, I H i 25 15 3% B ) 1
FEAK , Ab 355 T HECAE B ) PR s 2 S ORI S 5 B A
4 J8 J5 b O B ¥ Bk & (110 5 em) £
XF M4 0 em, LW-4 78 B X A0 1 B bk fif 5T it R T

S BN AR AR B L B A 4 RS LWA4 B
A 5 - X e T (9. 98 @) X R (7. 64 @) B4
30. 6 %0, Kbk T & (0. 738 g) %I (0. 550 g) 1
Jin34.3% (| 4).,

P4 LW-4 B b6 0 B A AR A ROR
1. LW-4 T A 385 A S 4 5 2. 3 7K CRf RO
Fig. 4 Tobacco seedlings treated with LW-4

1. Tobacco seedlings treated with LW-4;2, Water (control)
2.3.4 EWHRILWA ImESHRGWEAETE HES3
AL TR R L W4 RE A 43 00 JEL A4 TR ) 5T B TR K 1
I =35 V6 i JE UL UE AT H o BIGT 08 50 75 A4 A G
TR T P 5 B TR 4 0L R BB SR 10 D0 ~ 30 0 B 4K A5 1) 41l
TR 00 J5T X 0 T A T 4 EL A R VR B T
PEASTR]  H o B 1 e 1 R EE Ol 25 06 I R A5 10 B ) 5
PR 410 Tl AR R I T P

F 3 LW EREMTMERZRRYANEEYE

Table 3

Antifungal activity of LW-4 extraction by ammonium sulfate

5 T e L/ 26
Ammonium sulfate
saturation concentration

1 B AR/ mm

Diameter of inhibition zone

5 R A L B / %6
Ammonium sulfate
saturation concentration

0B B A% /mm
Diameter of inhibition zone

10 32.524+1.23 C
20 35.234+0.42 B
25 37.8240.68 A
30 30.8040.55 C
35 -
40 -

50 —
60 -
70 -
80 -
90 -
100 -
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3 bhiE e

ABESE R A A e A DS P 0 A5
b 18 i 5 0 KR IR A SRR S b O3 T 2 0 R A
Joa TR ) 5 0 TR 5 DRI FH DA - 8 L O 0 R A S 0 TR T
RE XS A FH - 98 PR 58 HL AR T 0 0 38 P . ASF O O
3 BB 1R ORI R R TR A 98 45 B M Y 2 AL
WA LW-4, 355 38 Fe bk R IROE 25 2% A B A 4k
FETESE M 16S rDNA JF 51 i 5 58 & & /347 - i 52
LW-4 G bk Ry WYL 8 35 B 2F /AT & Bacillus meth-
ylotrophicus , LW-4 Xf 4 55 35 i g B 9 0 il VE 5
Fo= A T RS BT A G ORI AS [R) A 4 R
BN TR AR LW-4 S ) B TR L S5 R B,
FIE 25 V0 B R B A0 A5 1) 410 T3 0 Jo 490 T 3 P e v
B2 400 T W S5 v R R B A 1

= By B RRTE A AR AF B SO AR A rh R E E BE 2
FR AR By o VR T 1) B 22 H 4R L 2 e LB A ROR
ORI 2 . TR, 22 B 90 3 X 2 B DR PR 1 2 B
T 3 HEAT A3 AT s LA T ik T R 1) R BV S DA e R R
J3E b i 4 TR R Y BT e SOR S B AR BT T A LR
FHMT A W 5 0 B R D 1 A A B R T 3 1
ISR bR SRS A A A RO B T B T AR
i A RO T AR B A B YA A S A A
WO L A B B B IR A8OR 5 HTE B AR R AR PR ER
FARN A RBOE A O . B IR ST HOE B
TANRE DU AR 90B4-2-2 12 W] B R AFB &L, X 5
Ho22 12 M el K v nl e A AR R SR AR L OF ) AR 2H 41
B iE B i 78 28 25 (IR OG0 AR WF S Tl A AR B
RO B A E FE BE I E AH 455 R T kL B E LW
Xof MR A EL A AR S 1 B Ak, HE AT B TR R
MBS L8 rh, I 75 — 5 I [A) Y R 3R A S B . X —
WF 5T 285 Bt Ay 0 55 5 A s 77 3 B2 A i S L (H H
JE FE AL 5 0 HL I R E A

F T A W) 2Z 18] B 4 oA FH B 16 R 0 9 3 1 7
ShE R Z I AR A ATTHE 52 (9 AR B 41 1 2 45
e By b BAT 45 AR I 2002 A A 1T 00 AR B At 2E T
(Plant Growth-Promotion Rhizobacteria, PGPR),
VFZ W0 C SE W AR BRA 45 40 5 BE 0% A 3 5] #2
Mo AR HERE ) A AR A B A B
VR 554 26 A FAH 25 5, J0) AT SR 30 o 1A i) 00R
A FE T T 2 B 0 50 AR A AR R UG 25 R R
TEBUZFFAT R L W4 T B 0T A0 e 95 A s A A 4
R, BREAS [ 72 B2 b A F MR AR A . X T LW-4 R
PR TS AT LM IR ) R s 2 3 7 AR R

SEAAOCAR R AR ML LA AR A S5 PUR B R &R b A
Frt— 5.
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