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Screening and identification and antagonism research of
two biocontrol bacillus strains
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Abstract: [Objective] This study aimed to screen biocontrol bacillus strains with broad-spectrum
and highly efficient antagonistic activity against plant pathogen fungi, and further to study the
antagonist function. [Methods] Present study used eight kinds of plant pathogenic fungi as target
bacteria to screen superior bacillus strains from 9 candidate strains, the method of flat confrontation,
antagonistic activity determination of fermentation filtrate were used. [Results] Two bacillus strains
B06 and BO7 were found with the characteristics of broad-spectrum and highly efficient antagonistic
activity. B06 was more effective in inhibiting 8 pathogenic fungi than other strains, with R2/R1
ranging from 0.4 to 1.8, and the inhibition rate of sterile fermentation filtrate from 66.7% to 87.5%.
BO07 took second place in inhibiting 8 pathogenic fungi than other strains, with R2/R1 ranging from
0.23 to 1.21, and the inhibition rate of sterile fermentation filtrate from 55.56% to 81.25%. Bacillus
strains BO6 and B0O7 were both identified as Bacillus amyloliqueaciens with the methods of 16S
rDNA sequence analysis. [Conclusion] The result indicates that bacillus strain had the ability to
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inhibit kinds of plant pathogen fungi. Screening of bacillus strains with broad-spectrum and highly
efficient antagonistic activity has a great development and application value in agricultural biological

control.
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Z= TR 4 g, IS SEM-4800 F13
BEibATER . (2) BARAFRAE RS e . A B A AR
NS IR CH WLANTH RS % Tt ) P e &
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R1 IRFETEEEX 8 MEY IR E R F 88

Table 1 Antagonistic capability of 9 bacillus strains to 8 kinds of pathogen

LS R2
Strains BO1 B02 B03 B04 B05 B06 B07 B08 B09

FO1 - 4 -+ - - + +H+ + -
F02 ++ - - - + ++ + + -
F03 4 4 + A = S + 3 =
F04 + ++ - ++ - S 4 3 =
FO05 = = AEE 2 — St o 1 —
F06 - - - + + ++ ++ + -
F07 + ++ + + - +H+ ++ + -
FO8 + +++ + + - -+ -+ + -

TE: R2 MG 9E, T8RS HURAY MK D Z B A I EE RS 5 +: MTEF 0-4 mm; ++: A 4-6 mm; +++: IE 6-10 mm;
- A
Note: R2 means width of antibacterial belt or distance between antagonist colony and pathogen; +: Inhibition area of 0—4 mm; ++:

Inhibition area of 4—6 mm; +++: Inhibition area of 6—10 mm; —: Inhibition area of 0.

®2 IMRFHRITEX 8 MEYHERERRIEIIER

Table 2 Inhibitory effects of 9 bacillus strains against 8 kinds of pathogen

(LS R2/R1
Strains BOI B02 B03 B04 B05 B06 BO7 B08 B09

FO1 0 1.00 1.083 0 0 0.44 1.10 0.16 0
F02 1.17 0 0 0 0.50 0.86 0.23 0.33 0
F03 1.23 0.75 0.88 0.86 0 1.00 0.36 0.23 0
F04 0.22 0.60 0.27 0.53 0 0.50 0.30 0.32 0
FO5 0 0 1.25 0.32 0 1.40 0.23 0.31 0
F06 0 0 0 0.37 0.80 0.38 0.34 0.25 0
F07 0.09 1.00 0.17 0.39 0 1.30 121 0.28 0
FO3 0.30 0.92 0.25 0.50 0 1.80 1.10 0.38 0

TE: R2: IR TS, f8PUEMNE RS INRENIER ; R WHPRE, BRITENE R
Note: R2: Width of antibacterial belt or distance between antagonist bacterial colony and pathogen; R1: Radius of antagonist bacterial
colony.

R3 IRFATELRIERN 8 MEEERRIMEIER

Table 3 Inhibitory effects of 9 bacillus sterile fermentation filtrates against 8 pathogens fungi

173 % Inhibitory rate (%)

Strains BOI B02 BO3 B04 BOS B06 B07 BOS B09
Fo1 33.33 32.26 29.03 23.81 35.48 71.43 57.14 33.33 8.47
F02 20.00 50.00 36.84 15.20 2222 87.50 81.25 0 0
F03 25.00 33.33 17.65 28.57 17.86 85.94 55.56 21.43 10.71
F04 20.51 64.86 51.35 31.03 24.14 85.71 71.43 44.83 31.03
FO5 11.54 51.35 35.14 15.38 31.58 73.19 75.33 3158 35.52
F06 0 45.45 0 27.27 0 66.67 66.67 27.27 0
F07 26.47 57.14 33.33 12.07 14.29 87.50 71.43 9.09 0
F08 12.44 36.36 16.67 11.15 278 71.43 78.57 34.67 5.56

http://journals.im.ac.cn/wswxtbcn
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23 EHMERE
2.3.1  EERBEARFSEHE: @ AR LR SR
HLEEIEE, Tk BO6 HI BO7 JE A4 E I V& 45 1iF
PINREREE L W3R 45 TR 2RI A5 10 B B 58 45
RE 1, 2 /K3, 4,

mE 1 FE 3 ATLVAE S, Pk Bo6 Fil BO7 1Y
WIREEEA TR, FRIESHEES . WIRE
EFR, PEkER, & 2 FE 4 fTLUEH,

B06 ZEAIMGIRICR , i Yl , BO7 2Rt AR
AL 8 i 4 [

232 HEBENETE: SRR E R T RE
AR E T A, X ERE Bo6 Ml BO7 #EAT Tk
HAERIEIRES, 250K 5. R SHLTUE
tH BO6 1 BO7 Ay fif & A9 2F A4 TR Sl B 20 1
DL VE A 2 AT R RN B ZEFLFT D R I 5 AR AL,
B F 1967 4£, Welker Z:M A4 — %43 TF,

* 4 TEHE B06 F1 B07 BB S 4 1E FAFL 244

Table 4 Characters of colony and shape of B06 and B07 strains

LS [EILSIZ

HERAN IR A E GG B REAE
Strains Bacteria shape  Size (um) Spore shape Spore situation Character of colony
B06 FF i 0.99x2.39 L7 HH L B fi— Vi G 2L Ot SR HE L ANEY
B07 FF i 0.86x1.74 L2 H L 2R A — i G" BB, M. B, A6 AEW

B06 stra'@.
)

1 Bk Bo6 AR AR
Figure 1 Thalli shape of B06 strains

B07 strain

1.00 um

S-4800 5.0 kV 8.1 mm x30.0 k

B3 E#k BO7T MEAES
Figure 3 Thalli shape of B07 strains

B2 T B06 RITFET
Figure 2 Spore shape of B06 strains

S-4800 5.0 kV 8.1 mm x30.0 k

1,00 um

4 EHk BT MEARRFRAES
Figure 4 Spore shape of B07 strains
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=5 THEE B06 F1 BO7 BYAE IR 4 (L 4H4E

Table 5 Physiological and biochemical characters of bacillus strains B06 and B07

1847 Index B06 BO7 | $545 Index B06 B07
Hi%iFE Glucose + + i i JREREL Benzoylgcline = =
BB Fructose + 3 FriEfRER Citrate + +
ABE Xylose 4 4+ E BAJiE K f# Gelatinhydrolysis Witk Witk
M Sucrose + + A A4Ws Litmuscreamery Ak Ak
‘H#EE D-Vmannose + + fi& ZFR/K fift Tyrosinedrolysi - =
il Catalase 4 A YRWER /K fi# Lecithinhydrolysis 3 3
MR. - - iR R4 L Nitricacidreduction + 4+
V.P. + i i B fiAfI4# Arabinose 4 i
V.P. -pH 6.7 6.9 I Hemolysis + 4+
M5 Indole - + VEM K f# Starchhydrolysis + +
b E HaS - - fi% Z K it Caseindrolysis + +
A O, + + KN R Phenylalanine - -
izt Motility 4+ 4+

e+ FIYESCRERERIAT; — FAPESCARRERIA]L

Note: +: Positive or can be used; —: Negative or cannot be used.

233 16S rRNA EEF 5|54 RAKME ¥ Clustal Z4FXF 67387, MEGA 3.0 8443
EzTaxon server 2.1 X} #k B06 11 BO7 £ 16S rDNA MR g & BH, Bootstrap H:(FEEE 25 000)
J¥%15 GenBank P HFEATAAME 00T A Ky, g5 ULE S5,

Bacillus methylotrophicus (EU194897)

63 Bacillus siamensis (GQ281299)
Bacillus amyloliquefaciens (CP000560)
68 B06
Bacillus amyloliquefaciens (FN597644)
36
67 B07
74 L—— Bacillus subtilis (ABQL01000001)

Bacillus vallismortis (AB021198)
49 Bacillus subtilis (EU138467)
75 Bacillus subtilis (AF074970)
Bacillus atrophaeus (AB021181)
Bacillus safensis (AF234854)

100 |: Bacillus aerophilus (AJ831844)
95 Y Bacillus altitudinis (AJ831842)

—
0.005

5 {k#& 16S rDNA F 5192 Y& #k B06 1 B07 [5] /& #H XY RFE K B I
Figure 5 Phylogenetic tree of P-25 and related Bacillus sp. based on 16S rDNA sequences with MEGA 3.0 software
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch point is the percentage
supported by bootstrap. Bar 0.5% sequence divergence.

http://journals.im.ac.cn/wswxtbcn
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PR B06 Hl BOT J¥ 51 K EEHIZ 1450 bp ZE47 ¢
Bk B06 H5EdEE Y Bacillus amyloliquefaciens
(CP000560) I AHIT , AHIIEEIR 99.862%, k5 H
CP000560. BO07 5% Bacillus amyloliquefa-
ciens (FN597644)fAHiT, AHLEIR 99.793%, %
%5 FN597644, FlF ClustalX 4K {4 F1 MEGA 3.0
BRI BR BO6 1 BO7 ROl P 45 Rt AT RG L B
Br, @55 5 Bz, B06 5 Bacillus amylolique-
faciens (CPO00560)ERGLE T LR A—3, 455
R TIE AR . AEBA AR . IR R S
KB, BO6 BLUETE M fEEN AT I (Bacillus
amyloliquefaciens),B07 5 Bacillus amyloliquefaciens
(FN597640TER G R B RN —3Z, BOT #¥EE
NARTER ZE AT I (Bacillus amyloliquefaciens).

24 LT REETEEVINE

Ek B06 I BO7 fERAILT B Ak
24 h JEARA B A X 2 BRESEAA R LT
[t as = JL T B T AR
2.5 EEIEGRMFRELZBRAE

W ISR B, Pk BO6 F1 BO7 Higrik
WAL TR, 8 g I LA B 22 W AN W) AR Y 2
%4 WA R . AR SERWTREIA . (HICL
Bk B06 XI5t FO7 MBIk BO7 X5 FO2
RIS R I 455 2.4 1Y
SEAL, W LAHEWTE BR BO6 I BO7 X3 [ EL B A9 1
Wi, AN JEad i 2 k™ A LT o B RS AR L
TR DA 22 240 0 1 200 R S B Y, 7T 3 7 A — b
BELC A 5410 ) TR T 22 20 A= I, A T 22 2
MURZR . WS, ZE4HE AL T, kR
o D LR 1Y H Y

PR BO6 $55% B IR AL BRI IR FL T FO7 1R 22
YERR R BRI Fr, ani&l 6 Fis; Bk BO7 HEFRiE
WAL FEXT R I ELTE FO2 22/ B R,
K7 B

& 6A AR BO6 TG I & T IE VA A LA 1) I
FL# FO7 1822, MR R2zpit:, 5, JomE .,

TR TEER MG . K 6B, C F1 D A# BO6 Tt
R TR AL B 1 s i L TR FO7 T 22, 1] 6B h
PR 22 R A M R R ERCR B SR, 1B 6C T 2211
W I BRI AN A1 EE 4 45 8 . ] 6D 1 E 2255
g5, T, B 6F HAab B R T 22 W

B 7A AR BO7 JO R A R WAL B3 () T
B FO2 W2z, WRTRZZR . 335, REDEH .
TR . TR EH S, K 7B 22
LR R SRR, L AR % 1) TR 22 40 B B 2211
WA TR BRI AN A1 BE 4 45 T8 . &1 7C v R 22 40 i 5
it 5% A 2 BRPR LR A AT i A/ e A 4 1 9 I A1 I
2%, B TD HEZ AL . i, R
TIE . =%,
3 w5

TERE YR T AL B A, 2R RS e A+
HERRL R TP B AR, Xt 2R AL B E HA
B BRAE ) — 2 AN . FERb A=, 2F
TR TR AE B P e 1 S5 A2 R A I AR S5 T
T 2 B AR ZE A A0 TR T I A B AR 3. BRI, AR B 2
60 200 B 114 57 2 B et A B AL 1 BF 5 %o Al A )
PG B

ARG 1Y 2 BREFALAT R BO6 A1 BO7, B
EEEIN: N VAN /R e = Ok B e IPORITTE FANZS AN
TR T | R T | ETCEE A T L TR S
I PR A 8 TR A T L TR A A AR E .
5SSV 11 40 B 3 1 R AR T4 2R AR T 7R
XA ARSI TG B . RN BRI 2T
M SE 8 FRIRE R B H A T
YER o TRl —450 i X A [5) 95 I BB (A 5 e g oA
[, BERE BO6 A1 BO7 Xif S A fH20s I B 1 1 o
WA ART 4 mm, KT E 9 mm 55, MEAEH
Wik, B06 1 BO7 JG IR A& VRO Sk ] B 40 il 5 43
A 87.50%F1 81.25%, Ft47HL5HE J1 TR A1 i 5 43
WA 85.94%F1 55.56% , Ko TR &5 A B Ao 3 i o6
39K 87.50%F1 71.43%, AR B Xt A6 IR Y
I KT 57.14%. 1 B §E N SMREE bt
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S-4800 5.0 kV 7.9 mm x4.50 k 10.0 um

S-4800 5.0 kV 7.8 mm x4.00 k 10.0 um §S-4800 5.0 kV 7.7 mm x4.50 k 10.0 pm

6 E R B06 IEFFIRIRAT FO7 B2 HNHI1ER
Figure 6 Inhibitory effects of stains B06 sterile fermentation filtrates against FO7 pathogens fungi hyphae

$-4800 5.0 kV 7.7 mm x3.50 k 10.0 pm | S-4800 5.0 kV 8.0 mm x2.20 k 20.0 um

S-4800 5.0kV 8.0 mm x2.50 k™~ " 20.0 um | S-4800 5.0 kV 7.6 mm x3.50 k 10.0 pm

B 7 HEH BO7 HEFRIERI FO2 ELHINHER
Figure 7 Inhibitory effects of stains B07 sterile fermentation filtrates against F02 pathogens fungi hyphae

http://journals.im.ac.cn/wswxtbcn
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AN B X AR A8 ] o (Fusarium  oxysporum) Bl i %
BAK, oA F AR AR 41%U
60% 72 A7 1T, %k P A 25 95 1 0 3 %k
76.47%!"", XHARAERGZRT R IR 32%!)
Z W . B AOTIAINR T | R AR 2 e T
TR 135 ] 69.09% . 80.78% . 78.89%°", 5
DL EZEIRAH L, bR BO6 A BOT (BRI 1 FH 4T,
HAMRKIFF & Fw A

SISO ARSI ~ SN ol 2 i A B s T |
16S rDNA J¥81 5041, #4TEkE BO6 % Ay fif e # 2
KT (Bacillus amyloliquefaciens), ¥ #ikk B07 %
FE N FRTEN ZE AT (Bacillus amyloliquefaciens),
%R IR AR ST AR AR T B AR

TEICT 2R LT T B i 18 SCRR Y, A7 2698 K 3%
RO HE e D o AR O VR FH AL, A AR
3B TR B R A2 B WA SO R TR
22 TR R I Y X R R G S WS
XoF il VA ZF AT TR VR FHALEEA T B8 2 1A IR,
AWFFE LT BN E 4R, ik BO6 1 BO7
AN 7 JUTT T, ik L T 20 B R X
PRHEA T S — D e TR AR T — e A
TESERNY) T, SRS 5 TR A 22 A e 22 | I R
WHRIR | TR 22 20 M A RE A 4 0, DA T4 s Jit I
W22 IR R AR, SRR . Hi, RATA
Ry fifE U oy 2 AT TR0 AR A s i o P A 3
WA T AR W o B ™ A TR A AP 2 R
=9, BATRZ ABCRE YT, & v AT
I 22508, AR AR, S o, DT Ik 41
il S EL R Y H Y

& & X M
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