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Abstract; In order to get a strong effect biocontrol bacteria for tobacco black shank, 347 bacteria strains
were isolated from 30 soil samples, which collected from healthy tobacco rhizospheric soil. FB-16, a
strain with strong effect on Phytophthora nicotianae , its inhibition zone was up to 23 mm. The methods of
inhibition rate of mycelium growth, antifungal mechanism experiment, bonsai experiment in greenhouse
were used to determine its antifungal effect. This strain was identified based on morphological , physiolog-
ical and biochemical characteristics, and 16S rDNA phylogenetic analysis. The results showed that the
inhibition rate of FB-16 fermented liquid against the mycelium growth of P. nicotianae was 95.96% . The
FB-16 metabolite showed teratogenic effects on mycelia of P. nicotianae. The strain FB-16 was identified

as Bacillus amyloliauefaciens ( GenBank accession JN245982). The antifungal metabolite from stain FB-
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16 extracted by 25% ammonium sulfate showed the most effective inhibition toward P. nicotianae, and

its inhibition zone diameter was up to 42. 00 mm. In the 7th day after treated with FB-16, the control

effect on tobacco reached 69.96% . Conclusively, it has potential value in biological control against to-

bacco black shank.
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Table 1 Determining pathogen fungal antagonism of strain FB-16

o S L TR AT (mm) AR (%) o i L B SE (mm) IR (%)
Pathogenic fungus Inhibition zone Inhibitory rate Pathogenic fungus Inhibition zone Inhibitory rate
TR BARIRBE P. nicotianae  23.00£1.00 A 95.96 £1.27 A | T KEHH A B. cirerea 22.33+0.58 A 95.68 +1.85 A
SERACBUR TR P. piricola 15.67£1.15C  80.69 £1.43 C | /NEMIEIRIH B. sorokiniana  19.00£1.00 B 90.66 +0.94 B
HMRAEAEZERGTH F. oxysporum  18.00+1.00 B 88.11 +0.15 B | FHESR A P. oryzae 19.67 £0.58 B 94.49 +1.12 A

f. sp. vasinfectum

TR T EME + bifE2s . RIFVEHEE AR S8 2R 4 Duncan [GRT B 22 EKIRTE P <0.01 K225 B3 . Note: The

data are mean + SD. The different letters in the same column show significant difference at P <0.01 level by Duncan’ s new multiple range test.

1 EH FB-16 MBEEBRFEEZEKIFER
Fig. 1 Inhibiting effect of stain FB-16 on Phytophthora nicotianae
VEa: I ROR R R 22 ;b IEH E 22, Note: a: Abnormal mycelium; b: normal mycelium.

Shum

2 EHHE(a) FIRMESE () TE FB-16 &

Fig.2 Tmages of strain FB-16 from transmission (a) and scanning (b) electron microscopy
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JRER AL, 5 RE /K FFUE 3 R A R AR A M TR | 2
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25 ~30 °C s Fef pH {H M 8.0, F AKX pH {H 4 5.0, &
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NaCl 552t AE K (32 2)

2.4.2 16S 1DNA 73 5 ¥1 5 £ it LAt A 12

DL FB-16 JE K 41 DNA it , FH 5149 F27 A
R1492 47 PCR 43, 5% B AR 16S tDNA
TR ¥ 9 K & 1 472 bp, GenBank % % 5 W
IN245982, it NCBI F 8 B #k 9 16S rDNA
JE 5 HEXT o F 2R S8 & B R R R (18] 3) AT A
¥k FB-16 5 3E 83 2 T 18 Bacillus amyloliquefa-
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Table 2 Physiological and biochemical characteristics of strain FB-16

Wt H 45 T H 45
Test item Result Test item Result
1Ml Peroxidase + ¥R ER Citrate solution +
HABEF=S, Glucose gas production - HRKIEEE Growth temperature (°C) 10 -
TEMI K Starch hydrolysis + 30
5| TPA test _ 50
IBPRELIAJF Nitrate reduction + 55 -
FA LT {565 Methyl red + pH 4.4 _
V-P i V-P test + 5.7
BB AL Hydrolysis of gelatin + 8.0
Fifb sl H,S production - 9.5 _
N iR EE Malonate utilize - NaCl 5%
HEME Sucrose 7%
£ULRE Oxidase 10%
HIZHE Glucose 15% -

W+ PR - AV, Note: +: Positive; — :

negative.

97
100

60

100!

Bacillus vireti (AJ542509)
Bacillus novalis (AJ542512)
Bacillus bataviensis (AJ542508)
Bacillus soli (AJ542513)
Bacillus jeotgali (AF221061)
100 [ Bacillus thioparans (DQ371431)
Bacillus methanolicus (AB112727)
Bacillus shackletonii (AJ250318)
Bacillus marisflavi (AF483624)
38 Bacillus atrophaeus (AB021181)
—100[[ FB-16 (JN245982)
100Y Bacillus amyloliquefaciens (HQ840645)
Bacillus litoralis (AY608605)
[ Bacillus fusiformis (AF169537)

Bacillus neidei (AF169520)

Bacillus bogoriensis (AY376312)
Bacillus barbaricus (AJ422145)

0.01

Bacillus chitinolyticus (AB045100)

3 EH FB-16 MRS LH
Fig.3 Evolutional tree of strain FB-16

AALRHIE S 16S tDNA JFF1 325 5, Btk FB-16
TRVERY ZEMUAT A Bacillus amyloliauefaciens ,
2.5 E¥k FB-16 1 E Y RN E F

FAPR FB-16 BEAS 7306 I A0 B 90 5, 2 A Sy
35% I 35% LA LB ICUTTERT H , RIS 0 5 8 5 TR
TCINEE TG, MR AN EE 10% ~ 30% B R 24 345 A
L) R A e S o T ) LA B P (H A TR T

PEARTR, Horp AR RN 259% B 2 £ 3545300 B ) o 1)
PR B B AR AR, BV TR PR = (R 3)
2.6 EH FB-16 &M RAIBREHRUR

PEBR FB-16 T4 7 4 R 12 T A BHE A R 55 A ok A
FERR IR SRR 7 KRG I KRN 43.33% 9T
FRECH 27. 92, BiiG AR R 69. 96% ; T %t 1R 24 7]
58% HFR - HiEE AT IR R 150045 Ab 1Y) & %
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Table 3 Antifungal activity of ammonium sulfate precipitation of the antagonists from strain FB-16

TRBR B AL (% )

Ammonium sulfate

B E A% (mm)
Diameter of

saturation concentration inhibition zone

BRI AL (% )

Ammonium sulfate

PR B (mm)
Diameter of

saturation concentration inhibition zone

10 35.33+1.53 B
20 38.67 +1.53 AB
25 42.00+1.00 A
30 36.33+1.53 B
35 —

40 —

50 —
60 —
70 —
80 —
90 —
100 —

R PEHE T + bifE2s . RIFVEHRE AR 5 8ER /R 28 Duncan [ORT B 2 LK IRTE P <0.01 K25 3%, Note: The

data are mean + SD. The different letters in the same column show significant difference at P <0.01 level by Duncan’s new multiple range test.

H36.67% ,FETEFEECH 22. 92 BITARUR K 75.34%
(F24), ULHIFSHUIE FB-16 X 4 B B A 95 A #5471

BT RCR, BBk FB-16 L2 FLACHE™ Wy n] LI A By
RS A R B BT o

&4 Btk FB-16 X HEREZRFHRER AR

Table 4 Control efficacy of strain FB-16 on tobacco black shank in greenhouse

Ab 3 RIRH(% ) IHIEE 34 BiRACR (% )
Treatment Incidence Disease index Control efficacy
FB-16 (0.01 g/mL,10 mL/plant) 43.33£3.34 B 27.92+£0.72 B 69.96 +0.55 B
58% W - FREF AT IR EH ] Metalaxyl 36.67 +3.34 C 22.92+0.72 C 75.34+0.59 A
mancozeb WP (500 x ,10 mL/plant)
7K CK 100.00 £0.00 A 92.92+0.72 A —

R PRI T EE + FRifi2s . RIFVEHEE R R T8 2 /R 48 Duncan BT E W 22 LK IR7E P <0.01 K P25 B3 . Note: The

data are mean = SD. The different letters in the same column show significant difference at P <0.01 level by Duncan’s new multiple range test.

3 it

AHIF 5 DA AR AR o 9 e 3 8 i e A5 2 1
R X AR B T S5 A L B B T M A 1) A P
FB-16, Btk FB-16 431 7 A5 i U A AR 2 %t 0
SRR A R 22 A K B SO A, — D TS R B
MY B RE NS I IR R E W A KRR E AN S
B 2, 55— 5 T 55 A P AR Y S R T A
KRR AR BN TR FB-16 35 P 4t
A SRR A I 8 By 3 A A, A0 S A
B 33 R LA A AL

ZUNE 2 TNy TR 2 0 S8 %8 BRI BR FB-16
NARTERT ZEBFT I B. amyloliauefaciens , H X} 22 Fii
JERE A BRI E A, A RIYER S FB-16 774
T RSB T G, WO A [ 0 R R e X R
Pk FB-16 MY A TR 3R | 45 5 /s M R BE 25%
T I e R A P 00 BT 400 SO 410 1 3% P A e, R W A
W5 T B R AR R R

AT A B R W) R R R, 2
FIREFRIERNZE DU AR TRAL B S RS 2 A R Y
S, AHTTE R MR RIS AR PDA B3R5 Mt
A MRk IR AT DRl = AR R
PRSI A% R ST, SOGB4 AR S R A — s
HA

AN TR B R B 5 9 0 13 A A AR PR A i,
T FAE YRR AR D W 0 ) — S 4842 . Hil, [
PR A AR s R 3 A BT R RR O B 58 2 6 R TR R 1Y
5T 1, XoF 28 AT T 9 0 S AR e Ik
P E T BE ST AL AE BT BOR A5 07 1 2% 1, 25 MR BT 114
WM AR R, ARBFTEXS PR FB-16 T 227E 25
PEAT TS HAZ IR HE 1 B A EE LA K S T A
REIBEE T A S A T T HE— 25T
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