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Pk PCR S I 25 55 2 W L 141 bR O i U 3 2 AT 18 Bacillus amyloliquefaciens . F T 7K A (9 1% 1< 122 Ff i 96 2
BB HA-O1 By W L TR B VAR 2 TR DB AL B 3 s A 28 28 119 26 R I (K T 2000 . 8 B BLAR B AE 2. 00 em

IR T % BB R 28 g 94, 44% 6 B B 124 3. 60 cm.,

KRR RIAEREEAG TR s ST B R UE R 2 SRAT I A0 ROCR

HESEES S436.661.1; S 476

175 2% %5 95 (citrus green mold) 2 A A7 RS2 75
R J W ) 32 B A AR S B TR (Penicillium dig-
itatum Sacc. ) % I A2 FH TSR A H AT ARG
RS A6 T AR EE A 2 2450 R R Rl
FAA 27 245 50) e 7 2B W40 245 1 A 24 3% B3 RN BRI T
A5 ) 0 Bk A2 B4 23 i T 6 AT £
TR AR R B RS B R EOR

T 20 4F R, [ A SR AR B T B I6 AR 0 Y
WG T R, BT K B R G Sk
B & I, AT B 40 T8 PRS2 B0 RS S AR R Y . R
SEH 4 MM B ZE AT E Bacillus subtilis A b5 B
¥k 5 B K B &£ B (Environmental Protection
Agency , EPA) RS 5 A6 BCA BR B i A A= 7 B VF AT
439 & GBO3, MBI600, QST713 Fl fift 3& #3 Al B 2
KT & A8 A Bacillus subtilis var. amyloliquefa-
ciens FZB24, Hoh AR ) R W A QST713 R dh 4 0
Serenad, £ & H F i K G K F (http: //www.
epa. gov/pesticides/biopesticides) .
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oides MABIRIE NG H Colletotrichum acutatum ih ¥
EEEWRE Peronophythora litchii A ERE
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Colletotrichum musae . % 7 & JH %% B Colletotri-
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TR T R G 28 Hb A A A T XK R
BEMRBR - FE . R VARG B Bk A B P
FREL 10 g L 4EAE 5, B T2 A 90 mL LW KM
250 mL=MMi+. T 28 C.180 r/min #& K Ik %
30 min, A5 E 5 min, WHL FVEW 1 mL,RH 10
£ R L B0 AR BRI AR BRI TR B A 100 pl TR
i F PDA MR b, BT 26~28 CHiFE2~3 d, PEHL
TEA AR B 4N B B 75 . 200 P AR R 4R Al Ak S g S
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F7.3 d Ja D e J TR TR 7 LA T I A R
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17 T B T IR A 2 D68 e T A LAt 11 R S i D
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DIEAMEE . #1665 0 bk HA-01 f) Ze 42
P F PDA Fal 11,30 CHi 3% 24~48 h, WA & Fr
fiE o [7) B Bk B3 S TR 9 F A o 22 IR e 8, D) G o I
T HIRE SRR AT EA R BRI AR
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X100 %

W HA-01 M43+ % & . Kk H DNA $2 it
R & (TaKaRa 2 ")) £ WO Bk HA-01 B &
DNA. PCR #" 1§k H 41 B i H 16SrDNA 5[4 .
Em B 5 -AGAGTTTGATCCTGGCTCAG-3';
KIa514 5'-AAGGAGGTGATCCAGCC-3", )i
K% (25 pL) :Buffer 2.5 pl, Taq f§ 0.5 pL,dNTP
2 pL 51445 1 pL.ddH, O %2, P8 410F: 94 C
10 min; 94 °C 1 min, 56 C 1 min, 72 °C 1 min, 30
AMEFR; 72 °C 10 min, PCR 955 By 1 18 4
EFEARA RN A . #3751 5 GenBank
e 16S rDNA #E45 BLAST 43 #r. 4% 5% PCR
K SCHRL6 ] 77 . LA P bk HA-01 & DNA

RS, R S S I 4T PCR S, Horp, A B
AR FE R 5l k. FS 5'-CAGGCTCA-
CACTTTGTCTTG-3"; RS 5'-TGAACACAGTC-
CTGGGTTAG-3', e FMATH T 9 W H .
FA 5-TCGGTTTCACATCCTTCATC-3'; RA 5'-
TTTGTCAGCGTGTCTTCTG-3', & I F ¥
94 °C 5 min; 94 C 30 s, 50 C 30 s, 72 C 1 min
30 s3 35 MEH; 72 °C 10 min, § A 1% 3K
REEE JEC FL UK A I

1.6 BE#k HA-01 XF 4 4% 4% T 9% B9 #0 l 4E F

DR HA-01 b B A il £ . 78 PDA &t b
WALE B HA-01 J5, lC— 3 380 T LB K532 W,
HEW B 50 mL/250 mL,37 °C.200 r/min & % &5 3¢
12 h 558 FpF B 4.5 mL FpFZFA TH A LB
(100 mL/500 mL) B 3£ A, 37 °C .200 r/min R 1%
FigE 12 h)a Bel e 3 AL PR AL BE SRR (AT
W RN 10° cfu/mL); B. € (55 F W 7E 8 000
r/ming 010 min/5, B EVEH 0. 22 pm H O I8
U8 s C. A (B SR W AE 8 000 r/min T &0
10 min, 3¢ 35 4 B0 JC B8 K 05 6 S 7 830 .
ATCH K P85 40 TE e B 10° efu/mL)

2 NTAEFRN . FH IS 3T L 7E AR I
PSR 1 ANE 3 mm 98 3 mm B0 0 B 4
FHZEAP 20 pL L3 3 AL HEE AT CK., 4 h 5 F4r
SRR 1 X107 A/ mL 1) b A 2 55 95 1A 16 1 = 1F TR
15 pL A0 H BT )5 o R SE 42 FE K 400 mm 58
300 mm. (5 100 mm [ ¥RHIE N , A1 56 2 98 RE 48 LU
TRAF 95 0 ZE AT AR BE , T 25 CI. 72 h )5
A3 590 I 5 S % R R BE AR . AEARBE 12 A4
RS, EE 3K,

1.7 HIELE

K HI SAS 6. 08 Bk kA7 il 56 Hodls ge it fF
Duncan's B & 25 £ & W E AT 22 5 B &5
Hr (P<<0.05),
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188 3o AR R R L R ARAT 7 BR R A AG S TR F
BT AT 55 06 B BBk o o 4 T 201k B bk S Y
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Table 1 Inhibition activity of the strain HA-01

against 12 pathogens

93 JEL T ME R/ %
Pathogens Inhibition rate
MG S 806 8 Penicillium digitatum 84.9142.37 a

70.8340.97 b
70.5040.42 b
69.8240.18 b
67.8940. 27 be

F IR Colletotrichum musae

AL 7R IE I 7 Colletotrichum acutatum

TN MRENG I Phytophthora infestans

TSR E Exserohilum rostratum

G JTUAG 2 995 T

Fusarium oxysporum {. sp. niveum

HAE T B IR W Penicillium italicum

TG BR B % 1 Geotrichum candidum

T M ARG Colletotrichum Lycopersici

75 BN T

Colletotrichum gloeosporioides

2 AR B 95 A

Oospora lactis Fr. var. parasitica

7B TR L IR B Peronophythora litchii 43.2844.97 g

DR MEELRAE 5% K L 2%5% R E%E (DMRT,
P>0.05, &R,

Data with the same letters in column are not significant differ-

63.8342.84 cd

63.00£0. 98 cde
62.06+0. 37 def
60.18+0. 37 def

58.1320. 75 ef

57.254+1.08 f

ence at 5% level(the same as following tables).
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D&M, Bk HA-01 £ PDA K4 I
MR VE RO I FTE DG A5 R 3% 24 h
Jo BV 2R T R VR 2B WIERIR .48 h JE R,
AR AEW . PDB WA AR K R R 2
AR B B IR e E AR TR W RUEE R U A A
FFAR, P ZE AL R R . B R Ao B
PR T, R R RS, K/ 1.4~2.1 pm,

DAEIMA AR FEPURE AR HA-01 Ay AR 31 /E
AAAF % R 25 R R . HA-01 B RR R 1 Bk 2E 90 14
FFBR S AT K i V8 3 o N 7= 2 gL, BT R A A R AR LN
FREREE (6 2) . KBk Bl AR A &5 51 5 i e by 28 1
FF TR — B0, (H R BB 2 TR R 1) T B AR 2, T A6 B o 7
F- B it — 2t o FL A s

R 2 B HAOL H BB A g
Table 2 Physiological and biochemical characteristics

of the strain HA-01

Pt %

Characteristics Results
HZE G fE Gram staining +
FIH AR £ Citrate utilization +
7= A 5[ Indole production —
FIFH TN R Propionate utilization +
H 22T (MR) Methyl red test —
NaCl 4 K Tolerance to NaCl <10%
V-P Jz W V-P reaction +
D-%5 % B 7= BR Acid production from D-glucose +
IKRVEHRS Starch hydrolysis +
L-BHi A8 7= B2 Acid production from L-arabinose +

JKf# R Z Propionate _
7= Hy; S H.S production _

D A" om Bk ST R — R BT S T A .

“__»

“+7” show positive reaction; show negative reaction.

3)16S rDNA JFFIM E . X E & HA-01 /9 16S
rDNA JF 3 #1798 I P8 H 4Ky 1 514 bp
GZEH P 24238 3] GenBank B0 5, B F 5 M.
JX915740. 1), Blast 437 & BLIZ W bk 5 4 5 2R f AT
B B. subtilis C& %5 AB501113. 1,FJ528074. 1,
EU723210. 1 #l GU972603. 1) Fl fift 7& ¥y 2F 70 FF
B. amyloliquefaciens (%55 HE774679. 1,CP00-
0560. 1. AB735995. 1 F1 CP003332. 1) A4 [ Y5 4 44
9 99%

DIARRIPE A R GEH 7 BRAN ARG AT
B SR 1 TR 45 G A B AR AL RRAE 43 B AT K D
PR HA-OT iy fife JE M 25 AT 187 B0, 28 FLAT 7

Bacillus sp. AB199317.1

15
{ Bacillus velezensis KEF433407.1
Bacillus polyfermenticus J¥772465.1
—69: Uncultured bacillus sp. EU371569.1

Bacillus subtilis AB501113.1
HA-01

6L Bacillus amyloliquefaciens JN851189.1

& 1
Fig. 1

E#k HA-01 B 16S rDNA %% B

Phylogenetic tree based on 16S rDNA gene sequence of the strain HA-O1 and relating species
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DFf 5 PCR &, LA #& HA-01 i DNA %
OB, 1) JFF s 0 2 F6LFF TR 0 A7 U A9 2 96 FF 7R A 57 5
P4t PCR &34, 45 5L WoR , DA € B 2F 760 FF 1 45
S PP KIE 1~4 HBK 21 500 bp WH MY
Gl s 5 U ) /N — 3 T A B2 AT DR S
S ETkIE 5~8 ¥ &AW (K 2), A B
FEHFAE S 16S rDNA J3 41 43 B 0] ) 22 B Bk HA-01
Ry f VE R 2 AT R

1 2 3 4 5 6 7 8 M

2000 bp
1000 bp

M:DNA Marker DL 20005 1~4: 5|4y fif J& ¥ 2F #2 4T
WA 5149 Amplification with the specific primer of Bacil-
lus amyloliquefaciens s 5~ 8 5 ¥ bl % 2F HFT TR 45 = 51 )
Amplification with the specific primer of Bacillus subtilis.
B 2 B HA-01 B%5 514 PCR B ik #&ill
Fig.2 Specific PCR detection for the strain HA-01
24 EH HA-01 WMHEZRB R RR
TR P 0 45 R R W] bk HA-01 /& Fh Ak
PR REA SO B M A S B R R K AR S, RS
o DR AR 0 R R 4 W AR T KO IR (3R 3) L
Py % % WOFN T TR I8 TRH 4 ) SOR B i B R 25 5
AN REEMEREE T 25 CIE 3 d. &35 5%
TR TG TR I8 VR AL B SR S R AR Dl 0
T A AEBURE HA-01 B Bl B 2 1 30 1
ROR B 15 SR O TC R I8 AL BEAH LU RCR 8022 . K
AN 13,8906 i BEF- 2 B AR N 2. 00 cm; 1M X
RIRHN 94, 4400 JRPEEAZH 3. 60 cm, X BEHIHE
PUIA R HA-01 XA A% & 25 s HA 10 7E HT .
&3 BEIHR HA-01 X HH 4% % B 7% B M I S R
Table 3 Inhibitory effect of the strain HA-01

on citrus green mold

pog:i i BE H A2/ cm RIGH/ %
Treatment Lesion diameter Disease incidence
B35 Cell culture 0c 0c
JEW Cell-free filtrate 0c 0c
&M Cell suspension 2.004+0.12 b 13.89+2.78 b
X IR CK 3.6040.15 a 94,44+2.78 a
A \A
3 i it

itk T A3 2 FRUAT T 5 R 2 AT T R AR AR L A

M Te: E AR A 0 o) S G 2028 A7 T ) A S
PCR AR B2 52 BP0 5 1 KG 8 53 25 . Oleg % A
FHAS B0 ZF J AT 81 A € 83 2 FLAT T yyaR L yyaO Fil
tetB-tetL F[K P50 1 22 S BT Re 5 51 9 8 2o R
PCR KW [X 53 5 Tdriss 550 R4 Al 55 28 760 FF 5 A
fiff VE By 2 AT T o V8 M3 I R K 22 5L 5l 5 4 3¢ PCR
METETEMR . 2B R TR B 2 AT TR iR A 2 AT
PR DR 2 v - R SR T S DR R S M R B
Wit 5 PCR X MR HA-01 #4758 . %07
BB E 2 47 WA

B HA-01 Y T A2 5 15 77 W0 G T I8 T Ak
AR HEROR 82 UL I v HA-01 AT DLd 3 7 A= 45
PU BN R A2 K X 5 Arrebola %5 B 5E
SR, WPFEERWL Ve R 2 AR I e] DL G
A TP T VE IR S A S RN S T T AR B
o PR R A B kR

- e WA T TV T AR B T A Y
Kz — o UTAEA , DN A A3 i E R 2 AT T
(4T B B 2, AR T AN g b A3 B O
ARAT 2 B AR VE R ZF AT TE L X SO B A 4 3
JHIR B Colletotrichum higginsianum B-75 B ik )
TR s BRACAE ATl X 4 4 rh oy B AR ) 1
R 7470 LT W) S0 A TE B 25 AR IR TR BR HNOG , X
MinERE Aspergillus nigel'\fgﬁﬁ% Magna-
porthe oryzae KGR B Rhizoctonia solani
T RAEZIR B Cucurbit wilt Y78 B IR0 HI47EH .
W A E K53 ZF AT TR N T K SRR S 0 B IR B S
Heifh H 253G 207 H R LK R R A R SR
JE PR EERYRGE . A R R UL TE R 2F J AT T
HA-01 HAT T 3840 0 15 M, % oK A R 5 4t 350
715 HE LG PR AR I A T VR L R R Rt A
A BT ROR ARG TF R T RS DU A (B E R R
IO JH AR 7 S R 3 e X A I AR A LR A= 7L v
T3 AORE B I S5 64T R GEATSE .

2 % x #
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Screening of antagonistic bacteria against citrus green mold
and its inhibitory effects

AN Guo-dong HONG Peng HU Mei-ying WEI Na CHEN Mu-yu
Key Laboratory of Pesticide and Chemical Biology .Ministry of Education ,
South China Agricultural University ,Guangzhou 510642 ,China

Abstract A bacterial strain HA-01, isolated from rhizosphere soil, exhibited extensive antagonis-
tic effect on 12 fruit and vegetable pathogens. The strain was identified as Bacillus amyloliquefaciens
based on morphological observation, physiological and biochemical characteristics, 16S rDNA sequence
homology and specific PCR detection. The effects of different treatments of strain HA-01 against disease
caused by Penicillium digitatum Sacc. on inoculated mashui mandarin were also investigated. The re-
sults showed that the incidence of citrus green mold of mashui mandarin treated by cell culture, cell-free
filtrate and cell suspension of strain HA-01 was less than 20% in all treatments while the incidence of
control was 94. 44% , and the lesion diameter was all below 2. 00 cm while the lesion diameter of the
control was 3. 60 cm.

Key words Penicillium digitatum Sacc. ; antagonistic bacteria; Bacillus amyloliquefaciens ; inhibi-

tory effects

(AL herh)



