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TRRIR . [ 730 ] R FH A s DA FEE R SR AR AR o - 98 53-8 200 TR 5 SR FH ST X DR A0 00 1 R 126 i L % S A AT
MEAT B E RSB E TR . 382 AUER AE A AR E gyrA F gyrB B K P 5 S5 8 R DU AN IR D bk . 8
B /N AR, I 5P AR TE A SRS T ROAEBERCR o [ 4550 ) AR B 38 vh 432 1 8 kSt L. theobromae 75 I
TVEF BT, P Bk YZ14-3 BRSO sl o AR SO RN L. theobromae T 22 A 1 (4 i 2243 531 Ay
73.3% F155. 6% PRI EE P [ L. theobromae W 255K & 3N, W 22 W5 JE B K5 L. theobromae 43 A= 1T 1F YZ14-3
F 5 SRR PN BB A A, LA 701 DR 200 R RE A A T AR s 2T A X A B A AR AR I i RIS F gyrA il gyrB S
J¥31 BLAST 43 B85 RN R G0 K B W, YZ14-3 1 55 78 S g V€A 28 AT 18 Bacillus amyloliquefaciens ; K H B {8
ISEEREH] |, YZ14-3 (A BRR 1A 67.94% , [ 4518 ) B. amyloliquefaciens Hikk YZ14-3 X L. theobromae {31 il % S
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Isolation, identification and field control capability of an antagonistic
bacterium strain against mulberry root rot

XIE Honghui'?, WEI Jiguang' ,ZHOU Ying' ,XIONG Ying'
(1 College of Agriculture, Guangxi University, Nanning 530004, China;
2 Guangxi Subtropical Crops Research Institute, Nanning 530001, China)

Abstract ; [ Objective] To isolate bacterium strains that have strongly inhibitory effects against Lasiodiplo-
dia theobromae, the causal agent of mulberry root rot, and test its field control efficiency. [ Method ] Bac-
terium strains were isolated from rhizosphere soil of healthy mulberry by plate dilution method. Strains
with remarkable antagonist activities against target pathogen were screened by dual culture and spore-ger-
mination techniques. The antagonistic bacteria were identified based on morphological, physiological and
biochemical characteristics as well as their gyrA and gyrB gene sequences. Field plot experiments were
set up to determine the biocontrol effects of antagonistic bacteria under natural conditions. [ Result ] Eight
bacterium strains with inhibitory effects against L. theobromae were isolated, and YZ14-3 was the most ef-
fective among them. The inhibition rate of YZ14-3 and its culture extracts were 73. 3% and 55. 6% , re-
spectively. The mycelia of L. theobromae in the inhibition zone were enlarged and malformed ; the conidia

could not germinate and disintegrated due to cell wall degradation in the culture extracts of YZ14-3.
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YZ14-3 was identified as Bacillus amyloliquefaciens using its morphological, physiological and biochemi-

cal characteristics as well as the phylogenetic tree based on the BLAST results with gyrA and gyrB gene

sequences. Field tests showed that the biocontrol efficiency of YZ14-3 was 67.94% . [ Conclusion ] The

B. amyloliquefaciens strain YZ14-3 has remarkable inhibitory effect against L. theobromae, and therefore

it can be used for biocontrol of diseases caused by L. theobromae.

Key words: mulberry root rot; Lasiodiplodia theobromae; Bacillus amyloliquefaciens; inhibitory effect;

isolation and identification; field control
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W 1) ST, ) P B A R B A AR A — R X
A 5 i e} e A R, 2012 4 )T TE R R R
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I 18 R A PURCR B I B R A T 5 i
1.2.2 @m@ it L theobromae H 4 % ¥ ¢ %
vy KT E H A 20 T B VR PR B 150 mL A NA
Bigedkrh, RS FRAA T (28 °C,150 r + min ') H5
73 d, FEFHWA 0.22 pm HRFLIER S 0E )G, &
Mo BOGALEF 9 L. theobromae THYf HeF 2] PDA K
Frbkrh e FE R I FRICE 3 R KAt ( EAR
5 mm) , FEHIES G 10 WL 20 B3 0 fE DB 4K
A b B3R ARKIH AR,
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s SR PR AT T &k ) P A 40
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Xt BB 500 I F6 - 8L U WO AE T 2R
L PRI R B A TR IR AR R 3 SR LR, AR S
JCE T 28 CHEFRAF 15 FE 20 h J5 WA 46+ i & 1
ORI AR, DZFE KB KD
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1.2.4 ARG EL I LE RSP0 bR
TERNLHFTE NA B3R P4l b A 28 “C B3R 4H
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FHAH Chun % 15 | M7 1 gyrA JEDN . PCR S
{K % : Dream Taq Green PCR MasterMix (2 x )25 ulL,
2194 2 pL, DNA ik 2 wL, Jil ddH,0 % 50 plL,
i &A% 95 C AR 3 min; 95 C 35 5,62 °C 1
min,72 C 2 min, % 30 ¥K; 72 C 10 min, gyrB %t
51428 UPL 1 UP2e™  BR5 14 AR 4h, PCR 2
IR Z T2 B3 B R RN SO S50 5 gyrA JE DR 4144
G AR R

PCR ¥4 5E U , B PCR P47 10 g - L™ Bl
BHEERS T HL UK (150 V100 mA 20 min ) A5 7 41 1)
FESEE I Z 0 LA T RIS Y B AR T 51 7
NCBI _|3Ef7 BLAST HCX, B 7 B ik 19 20 2 s 7, []
BN 28 NCBI Hh 5 2 R Bk 5 81 AR ARLPE 25 19 17 371
Mega 5 BN AT RIS T B RZEREW .
1.2.5 YZ143 Xx@a s R BRaRk H)A
I DR B A S B BE B S Oy 4 ~ 6 A 1Y) B A K
B H e HEE LI E 3 /N IX, BE/NX 65 ~ 70
FRE o A B TR T, 2 8 Al SR AT A5 /N X
AW, W YZ143 K FE W 9 L (4.8 x 10°
CFU - mL™") 57K 18 L5 ¥ 51 DR T45 /NX AR
e, IR HIRR S 2014 424 % 2015 45 F 11
SN EBAMMEEFRR 2 W), HEEA M 1K,
X HE A5 1 iV KA YZ14-3 B3R, e 1 IR
W52 1A~ H G, 245 A B /N DX RO RE B9 SERR 2K,
Z WL T I R Rt B R AR

BIIARCR = [ (X IR IR IERE AR — Kb P X AL IE
WAL ) /X B IX BEIE SR AL ] x 100%

KOESRAER = 2 JE st — 2GRt

2 #ERE5HMH

2.1 HENERSBEREBERYRNE

MR 45 iy - 4E b 23 B B KRS B R
ZRI BB 22 A, &0 A3 2 X} L. theobromae £ .
FIMHIRCRA 8 D EERR, Hoh Rk YZ14-3 B9 2L
Rt (E 1), YZ14-3 FHE S L. theobromae SflfF35;
FEmt R B EAAR N 12 mm, % L. theobromae HAE K
IIARK 73.3% o PRI, 65 bk YZ14-3 HE47 )5 22
Y. WAL, AR YZ14-3 (35 37 W BE B 2 30 )
L. theobromae WAAS I EAIEI A2 R 8 mm | %H
55.6% . WK BN E R AN L. theobromae T 24
AR CEN ) PUE A T 2278 W AE T g, K
W22 R RIE B W2 (&12) .

A:YZ14-3 T BOR s C:YZ14-3 B A M s &R s B Al D
G390k AR CRRTIR
1 HE# YZ14-3 X} Lasiodiplodia theobromae T8 224 K1
IR
Fig.1 Inhibitory effect of YZ14-3 on myceliium growth of

Lasiodiplodia theobromae

A JEK Y L. theobromae %4 ; B:1EW 1Y L. theobromae TH %,

2 HE#k YZ14-3 Xt Lasiodiplodia theobromae & 227 7513
e

Fig.2 Effect of YZ14-3 on mycelium morphology of Lasio-

diplodia theobromae

2.2 B YZ14-3 3% Xt L. theobromae #3FH5
b4 op-A)

R 1058 KB E T YZ14-3 JE R
i L. theobromae 4398 T 0 & U520 , 338 20 h )5,
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AR, LSS A A B A R IR HES, 28 A T AR
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"

YZ14-3 JZEFFE Bacillus sp. .

I

AL B i 22 et C 2P fI e (5,
3 YZ14-3 R ASHFE
Fig.3 Morphological characteristics of YZ14-3

2.3.2 AmAHE AUIRIE T YZ14-3 {50
I PRAARRRIE (1) . AU ESE RSB kFE
() B. amyloliquefaciens 8 5 1 kA R AE AL 4R AE I 2

GERUPIA LR, S H(E WA ERE R ET
WEY TV YZ14-3 Blea) A e s Sk it VWS 2F FOAT B8 Bacil-

lus amyloliquefaciens

1k YZ14-3 IR AL 454"

Tab.1 Physiological and biochemical characteristics of YZ14-3
MiIiH YZ14-3  B10-26'""  SWFUO1'"™! || M35 H YZ14-3  B1026'"  SWFUO1'™
PRAEAK + + 10 CHi3% + -
PR 2 B + + 30 CHiFF + + +
321 R + + 50 CHFR - - -
A Jie Ak + + + w(NaCl) } 1% +
TEMT K it + + + w(NaCl) & 5% + +
iR ER I - - w(NaCl) Sk 7% + - +
ik 2 R 7K fift - - w(NaCl) 2 10% - -
AL - MR ER I 5 + + -
HEbE + + + HRIWE S W RS +
LFLpE + - LT P FY B 2 + + +
AW + + 22 fol ity + +
i A AL S + + RN 2 R O - -

D)“+7 et Bp, " =" AWBE R, Z 8§ &7 RMNE,

2.3.3 gyrA #= gyrB B3| AT 5 E & Bk YZ14-3
() gyrA FER Y B85, 3845 1 S KT 013 bpiy A
Bro PCR = alifle ¥ )5 , K% 3% [N )y 51 78 NCBI
kAT BLAST AHARLE 307, Lu X 45 SR R W], YZ14-3
i gyrA P35 GenBank H [ B. amyloliquefaciens [{]
gyrA FEH AU Y 5 T 98% o DA GenBank H R 2
YZ14-3 1) gyrA Jp A AHRIE R 19 B, amyloliquefa-
ciens gyrA J¥H 11 4~ B. subtilis J#51 8 4~ .B. licheni-
Sormis JFH) 6 4>, LLRIAIRAT T Escherichia coli BRERY
gyrA JPHI (85585 : DQA4T131) AN I R G R B WY
(F4A), ARG LK E WA, YZ14-3 5 11 # B.
amyloliquefaciens B7E— ¥, It 5 H A T8 Bk 73 25, £ W]
YZ14-3 5 B. amyloliquefaciens HAAR S ABAEANE

bk YZ14-3 1 gyrB JEAP )5, 645 1 DR
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b 1243 bp 1R BL, PCR P=Walifl ¥ J5 , K324k
KT S 7E NCBT b #E4T BLAST AL 43 BT, 45 2R &
M, YZ14-3 () gyrB J¥ 4 5 GenBank 1 [y B.
amyloliquefaciens (] gyrB J¥ | AL 1E X & F 99% .
F# GenBank 15 YZ14-3 [y gyrB FHI MM A S
17 4~ B. amyloliquefaciens WAEF31] .7 1~ B. subtilis
#5113 A~ B. licheniformis J¥ 5.3 /> B. thuringiensis
JF A, LhE. coli W PR gyrB J¥ A (B %5
AB083949 ) AN R G L F (E14B) o th RS
KEMAH,YZ14-3 5 7 £k B. amyloliquefaciens
E—8E, 357 8 B. subtilis /778,30 YZ14-3 5 B.
amyloliquefaciens (/)35 ARIMEAR &

H1 gyrA Fl gyrB P 5K E ) 2 58 K B A T 4
Bk YZ14-3 24 B. amyloliquefaciens ,
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552 WHELE, 55 .1 PR AR TE DA T 1) 43 B9 % 58 B H [ Bl v 3 R 63
Asgrd 87 { B. amyloliquefaciens KC011344 B:gwB YZ14-3
B. amyloliquefaciens KCT97584
amyloliquefaciens > B.amyloliquefaciens KP143083
b B. amyloliquefaciens FN652789
) o B.amyloliquefaciens Q734538
B. amyloliquefaciensKF601552 5
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{ B. amyloliquefaciens TX513943 B.amyloliquefaciens JQ734540
99 ) o 9%
6! B. : IX513945 B.amyloliquefaciens JX491657
B. amyloliquefaciens FN652783 .
B.amyloliquefaciens IN412506
B. amyloliquefaciens KJ136127
82) loliquefaciens
o B. amyloliquefaciens KI833588 o B.amyloliquefaciens IN412504
1 94— B. amyloliquefaciens FN662841 — 56 B-subtilis KC439668
B. amyloliquefaciens FN662837 B.subtilis KF194268
B.subtilis IX977127 Bsubiils DQ309322
subtilis 3093
8| | B.subrilis EU138658
99 [["5.suritis 1Q746588 89 o] Bevbitis PR30
o8 _| Bosubtilis EU138619 B.subtilis DQ309319
B.subtilis AY663697 B.subtilis DQ309317
[ Bsubiilis AB612164 Bsubiilis DQ309315
76|y Bsubtilis KM359723
_ B.licheniformis DQ309325
90 B.subiilis HQ589343
99| Blicheniformis AF272018 99 l Blicheniformis KC311722
Blicheniformis N133841 6L 3 licheniformis GU568218
% B.licheniformis DQ995270 Bthuringiensis EUT61167
giensis EUT6116
[ Blicheniformis EU073420 I
97 \| B.thuringiensis HQ397036
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[ E— —_
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4 BT gyrA 1 gyrB BEFEFIH YZ14-3 R5EE B
Fig.4 Phylogenetic tree of YZ14-3 based on gyrA and gyrB gene sequencs

2.3.4 EAYZ143 4w A s aOR i YZ14-3
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ticillium dahliae 5 B - +53AE ) B. amyloliquefa-
ciens T FRo BRIRZE N P BIE 1 KR B
amyloliquefaciens , F: Xt %2 [t B Aspergillus niger , F& 15
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