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W BRI AR, A o 3 25 L X ST A 22 % T LA B
SINEIVE R DI 45 A B IRAFE . 16S tDNA 751
M B AR LR RS, X R AT S e e B
YU, R BSFE IR E AERA T o B B e
TTHUR IR AR, B TE N AV B IR SR AL T FP BT IR

1 #Rl5H*®

L1 K5eak

BB e VLI R A SR AL, A 5 BE M B AR
SRAETT e K B A A IREON B B AR B VL IR KA 3R
BRAEGEATE MBI R . 50 ik A A RS R R
BB R RS AR T KB 4 57,

L5 B 3 2 3% 55 3 (PDA) , Luria-Bertani 3% 35 %
(LB), PCR Buffer, dNTP, Tag B (% ), BCL £ (ff B
B, B a GEMEi, K (&5 E %), PCR X
(Eppendor) , = ## BBE (H 37. $4800) ,

L2 HEk

L2.1 $hEPUma s L it saE A SGE MR
AR B A R TR ARG R T A A
50 mL LB ¥ A& #3500 = M ,30°C 200 r/min £ 5
] SR 2 RS AR G IRE T Xk B AR B AT 4
BRE NP . WE— B RIE BN ERET AT 1%
PERCR BB T 03K 1 Brs i 5350 6 #d IR Y %
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L2.2 HPiEMEE BoBNEKE LBIERE R
Hig® 48 h MR E KL S REIE . SRS RS #HfTHE 2
Rl FlLE g yk Ht AT ZF e a0 3R 1%
R A RTE A XK /N. HitdE 7 B8 (SEM) ##
A &2 18 Deng 50 B 75 T W AR AL | [ 2 - BB 1A
ReFE R B 1 mL,8 000 r/min BS.0» 3~5 min, % |
5, 3 B RR 22 v PBS (pH 7. 2)%E 8k 3 LB 2.5%
N _EEEEWRT 4°C3R)E, H PBS (pH 7. 2) & ilE
e 3. MK AR 30%6.50%0.70%.85% .90 % # 2,
PR VA B T 7K A B, 4% ViR BE A AR R 15 min, P
100 %0 i Z.BEAb R 2 WK, A YK 15 min, T WHBUR S
P -BEIR NG B I IO TE S 80 b A AR P 25 3%
R F—20,—70°CHIKFER YR 12 h 5, & FRET
BEHLN S T8 H3 B T8 JE R & 7 2 B AR
HLNEE 4 15 min J5BUH AR B8 #E1TMER .

1.2.3 16S rDNA JEFI4MT DIk LB ¥t Fiedr
B B VRAE A , e R 41 B 16S tDNA ¥ 14 % Fi B | 4
%t F27. 5" - CCTACGGGAGGCAGCAG -3’ #l 1492R. 5’ -
COGTCAATTCCTTTGAGTTT-3 . ¥ B Ei ik i) 16S rDNA
B, 25 uL PCR JZ Jif f& & & 10 X PCR Buffer &
(Mg ) 5 pL, dNTP (10 mM )1 L, & F#3|4
(10 pMD %% 1 pL, Taq B (5 U/pl) 0.5 pL, DNA AR
1 pL, W7k 15.5 pL, PCR & 47 F: B # 94°C,
10 min; 2P 94°C ,45 s;3B k 56°C ,40 s, 3B 72°C ,40 s;
1t 35 MEFF; mEfh 72°C,7 min, P A 16S rDNA
FYER E A% RS T A TREBEARARSHE
FRA I T, 8 )7 %) 12 NCBI #(4E £ #£ 17 Blast b
Xt . 3Rl MEGA 4.1 #4445 $ 1 (Neighbor-Joining,
NDX B M E AR TR i HFHERE R
ﬁw[lﬁj .

L2.4 FHEPIEMAEEAMRENSE FBhiEEEAE L
AR E , R E M BCL X2 K, EEEA YR
B FI Vitek 2 Compact f4EY) H 34000 E3#47, 07
BSIR Vitek 2 XX E R, 14 h jFRE4EHEAEL
RN RAERMEELER,

L2.5 AL ARABAELH KRS HBRENHE
7. & 3. THEHE CZ I A 2 E; 5P E
CZA AR 1% B s AT AT 4b B8 0 %F BR (CKD . F:Ab
3 REE ,BIREE R 10 B/NE . BT 4 B71E
M FREAMES, TAEFEFE. FAEEHKE
4 FrEAE L EANEBIRZENEN 16 cm, H 2R 20 cm )
#H 300 g MR ZEBEE T, BRAE 1AESE,
ETREEM/NERES T/ ARG 30 mL W EE
91X10" CFU/mL MW, AR UE A A 3 3P eE
FIVEEE R 1 X10° CFU/g +., #EMIEHEY 2 M5, 7

TE R A EUR B /N AR IR, 2 1R Fuchs™ ) 7 8k 3%
0. 1% (w/w) WL, 8Fh 0. 3 g H/NEY B ST A 244%
W, BREOREG, AR &R, fF X0 R4 60%
F/INH BRI T » 45 RS . ARYE R R R R
TEIRE A 5 S, 0 P ToAER @M ;1 K. /N TF
10%0 253 H BRI BE; 2 9. 11 % ~ 50 % 25 3% H B
BE;3 9. 51% ~100%% f 25 3 H BLAE BE, 4 . AH HR 56
=17, JRIETE B = 20 (5% I MR B0 X XoF Br ) 98 (B /
G2 BB < s PR BB < 100,
L3 HAESHT

KA SAS 9.1 G it # 4+ i) ANOVA i 72 # 17
Duncan Z 5 WK K4 7] 2 5 B W, BdEFER
YIE - FREZE (meanESE) ,
2 HRESW
2.1 FEPUREA B K iE R

308 3P A XoF R 3 XoF 3 8 4 40 TR R A T 22, A5 I —
BRXT ST A 22 R B B B A BUIE HE R TEAR S 2R
CZ. STHitk CZ WPt ERE AT E , 25 R a0k 1 fim . Bl
Bk CZ X STAR A% TR A IR 250 K R 1  SE SR 0%
JEL7 DR B A LA IR A A I IR, ELB bR CZ X7
R R TR B N E R B R EE RIS T 847
FIAMHIVER . Fe] WLEkE CZ ZEB AR 4140 T
YRR A EA T AR .

xR 1 HEHE CZ 7 MiEYWREBERMIER

Table 1 The effect of antagonistic bacteria

strain CZ against seven fungal pathogens

BURTE R B
Fungus Degree of inhibition

S22 ¥ (Rhizoctonia solani) ++++
PE)RM 20 (Fusarium oxysporum f. sp. niveum) +++

FINKZ% (Fusarium oxysporum f. sp. Melonis) +44+
R ZENE (Fusarium oxysporum f. sp. cucumerinum) +++

IKFREE W (Gibberella fujikuroi(Sawada) Wollenw) ++++
INEFREEIR (Fusarium graminearum) +++

SERIIENR (Glomerella cingulata) ++++

T — BB RROR s 5 B0 0 B RRCR 7 BRI 40 A B 00 % O B A KA
++ PN ERCR D P B2 <<2 mm; ++HEER I RIBOR M B BN 2~
5 mm; -+ 35 R A0 I BOR 10 B AR >5 mm,

Note : — ,no inhibition zone; + , weak inhibition, growth of the fungus was stopped at
the bacterial-streak; + -+, moderate inhibition with inhibition zone<C2 mm;+ -+, strong
inhibition with inhibition zone 2~5 mm;+ =+, very strong inhibition with inhibition

zone™>5 mm.

2.2 HEPHEEE

2.2.1 EAERME HAE Rk CZ 7 LB FAREHRE L
30°CHEFE 48 h 5 A R IR A A4, ¥k d
JEATERTA B 2 MR Y B A B, B 22 ICE B,
PRI, R R, P AR BT . 3 R B AR T A
MR, IR, 2.0~2.2 pm, FE 0. 6~0. 8 pm, THIE
E D,
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1 #ERE CZHRAKBEE

Fig.1 Scanning electron micrographs of

antagonistic bacteria strain CZ

2.2.2 16S tDNA F 548  E#k CZ £ 16S rDNA
PCR 34,358 T 1 42y 1 500 bp [ B i %74 % B 1)
J BB [l 5ol 7 /5 15 2 K/ 1488 bp ) DNA JF
5, ¥ P55 NCBI 84 Blast # 47 [REE LLEL, 751
BTN KF578076, LUt 45 3R Won itk CZ 5 H LX)
ZEAUAT R R IR) VR, AR DL BE R AE 99 %0 LA b, PRI 5 1% T ok
HE R HEHFFE R . R MEGA 4. 1 34k R4
A, B 2 /5, Ekk CZ 58505 Bacillus mojavensis
(NR024693) 32 4 % R il FE Rl — 4332 b

2.2.3 AR ESIEAS%A 16S rDNA B3
S0, BT AR B E Wbk CZ AR ERE . RiEx—
YR SER R E T H A A L E R BCL R7EEREAY
HEHLIR Vitek 2 Compact A= B4 fb % E L EXFE#k CZ
) A A — 2P B E . TR CZ i AR 3HAE ket
GERILEK 2, B AR REE E LR E R, MK
CZ A A (Bacillus vallismortis) , HAE R 4y k.
ik 9500, LSS A& TESHFAE.16S rDNA JF 51 K A4 B A4
PEARHE ST W AW E 5L A CZ LA 2 FAT 1 (Ba-

ctllus vallismortis CZ),

98 Bacillus mojavensis(NR024693)
Bacillus vallismortis CZ(KF578076)
Bacillus subtilis subsp.subtilis(NR027552)
Bacillus subtilis subsp.subtilis(NR102783)
Bacillus vallismortis(NR024696)
Bacillus amyloliquefaciens(NR041455)
Bacillus amyloliquefaciens(NR075005)
I—Bau//u‘\' licheniformis(NR074923)
100—Bacillus aerius(NR042338)
Bacillus atrophaeus(NR075016)
98! Bacillus atrophaeus(NR024689)

Bacillus altitudinis(NR042337)

0.005

2 Btk CZ E&-TF 16S rDNA Fr 3l & Gt 4k b
Fig. 2 Phylogenetic tree based on the 16S rDNA

gene sequence of strain CZ

x2 HEhE CZ e AL
Table 2 Physiological and biochemical characters of strain CZ
S B RAE ZER S B RAE ZER S B RAE g
Characteristics Results Characteristics Results Characteristics Results

BAET B (BXYL) + ALEEANO) + L-fZ=h5 (IRHA) +
B-KFLWHH B (BGAL) + B R (GLYG) - 18 1 [ 4k (PSCNa) —

o H B H B (AMAN) - ¥ (INU) + PIMRL £k (PVATE ) +

o FNEH B (AGAL) + W & (PLE) + L KA (ESO +
BH BEHEH A (BMAN) + ELLM (ELLMAN) + 2L R ME(TTZ) +)
LR 5 i B (LysA) - RS (CDEX) - BEBEAE R (PHO -
L 4 55 Bl (ProA) - 3 = (MTE) - D-# = H(dMLZ) -
FEEMRIT BB (LeuA) + D-Bi# (dRIB) + o HPHEH B (AGLU) +
TR T B (AlaA) - D2 FL (dGAL) - H &R MRl (GlyAd) +

P &R 75 Il ( Ty AD + D% (AGLU) + XAk K i 25 (OLD) -

I 3E-D-ARFH (MdX) - D-H &R (AMAN) + D-H & (dMNE) +
BB B (BGLD) + D5 # B (dTAG) - Xt Z K # B2 (POLYB_R) -

Xt AR B R i 25 (KAN) - D5 3% (dTRE) + YRR 1 &R &R 77 i i (APPA) -
Ll 4 456 35 e il (Pyr A + L-RA S5 M (AspA) - FP B-or DAL IR 2 B Ak (MAG) +

N-ZBt-D-E W %5 (NAG) — #E 6. 5% NaCl H14E K (NaCl 6. 5 %) +
B-N-Z BEEEA R B (BNAG) () RS MR (PheA) +

T — B B () SSIAME SR RS T B 5 () 55 BE M, SR o6 T BRI

Note: —negative; + positive; (—) weak negative,reaction is slightly lower than the threshold value; (+) weakly positive, reaction is slightly higher than the threshold of the reaction.

2.3 iR

MR 3 "L B o B RSP CZ 7RIl 40
X ST 22 A% T | R R BRI A — R B B TR 3L
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B, WRIEBRB ERE, B E bk CZ i 35 T R AR
TEREECH 42. 7% B BAR T A R E bk CZ R L
22 4% X B IE 2 (61. 0%0) R B FE BRI T 18. 3 4
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WTHSTESMRAZ YT R EER. dika i,
U CZ X8 VNS B0A B B AR A AE

x3 BREZHTHERE CZ X H LB ER RIEERR
Table 3 Effect of strain CZ on biological control of damping-off disease and on growth of cucumber
hb¥g UL W BT E RYTE
Treatments Diseases index/ % Height/cm Shoot dry weight/g Root weight/ g
CK - 43.5+1. 5a 1.9740. 10a 0. 188=40. 02a
T CZ — 46.1+0. 5a 2.0+0. 04a 0.19740.02a
k22 4% 61.0+3. 5a 38.2+1.6b 1. 6+0. 03b 0.14940. 03b
MEHE CZ+H oL 42.7+1.8b 41.9+1. 8ab 1.740. 03b 0.153+0. 01b

T PR T E AR IR R R /N F 3R 2 Duncan’s [RET RN 2 A K 3022 5 B 3 (P<C0. 05)

Note ; Data are mean= SE, different lowercase letters represent significant difference (P<C0. 05) between the treatments (one-way ANOVA , P<(0. 05) according to Duncan’s multiple

3 W54t

YRR R YR R E L AR B T B, XS
BRA MY H AT R & R AR B R S, T 43 B 5 0 8 R A%
A BT P ) R SE A W B IR R ETHR . EAP R T A
BHBR A 43 28 22 L F 3 A W iR R A Y R P, T JL
A7 DB B HE T Hp 2 B R 0 B A R R LR &
WEZE PR ABERT 1 BREAT RN
FA A DE Mo 2 FAT 1 s Cuesta 5557 DB ) 2 35 47 HE A
HRAE ST 12 BRI TR T B R ZU I I ROR B
28 14 ; Pugliese 251 M3 17 15 Y6 1 A2 355 a7 35 3 AL Hp 3k 4
B3 28 BEFEBIA . AT R PR R A0 AR vk DA SR
BT 1 AR A 2 B E BRI B AE U A
Pk CZ, 1RSMFARIAE R BIZ R R AT 1S MM 2
B, RIEE AR . 16S 1DNA JF 51 4347 K A 314 4k 45
.80 25 X 5E B N A H AT (Bacillus vallismortis
CD.,

AR TRA A A S FHE Y R P
5 WP FRHEIE IV P 5 A 0 A o A2 A B AR W Y B A
oy, MPRERY, T2 FMAFEANUEABIRIER, ™
HAREER, e R YA RN, BEZRE
o B R PUE CZ X 8RR B B R A R AE A

YR E A AR — R E R 2, A
U KB R R A Y =F Z W A AR,
T ELE - R X R R AV AR Y X R (B LR
A S TR YIRS R (R R A )AL, i
22 5 DL B ZE AR /N F LR 56 A X i R R B T
B S RS DUROCR o (B ZE AR ¥ AR D [ 52 B o A B AN
REIAFIZEAR A B R AR . IR R, #PHE CZ
MUEZE NS EX O A 2 EENNEE
PR BRI T TR S8R T BT IR 2= AR
SAET X ST AR 2255 | R BB ST AS e B B AT Y
FERIROR . BT WL, #5500 CZ BA R AR o4 Bl
FRE . BT R BRSNS FREFMFNS
BEEIMEZAB L, 3B E (Bacillus vallismortis CZ) TE

SEBRA R A AR R A AR R R AR A ) 1 B B ROR
AT HE— 5T

(B SETERREHS RO RR T T A ZA R E
A Vitek 2 Compact {4 ¥ B3 3 R {URH T KEH B,
FERTRO RS )

&% 3k
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Isolation and Identification of A Bacillus vallismortis CZ and Primary Testing Its
Disease-suppressive and Growth-promoting Capacities

LIN Ying' ,SI Chun-can® , ZHAO Qing-song' ,DU Dao-lin? , LI Ping-ping'”®
(1. Key Laboratory of Modern Agricultural Equipment and Technology , Ministry of Education and Jiangsu Province, Institute of Agricultural
Engineering,Jiangsu University , Zhenjiang,Jiangsu 212013;2. School of Environment, Jiangsu University, Zhenjiang, Jiangsu 212013; 3. College

of Forest Resources and Environment,Nanjing Forestry University, Nanjing,Jiangsu 210037)

Abstract:In order to seek new biocontrol agents, taking the vinegar residue substrate as the test materials, bacteria
isolated from the vinegar residue substrate with inhibitory activities toward R. Solan:i using the dilution plate method,
their broad antifungal inhibitory activity were tested using the dual plate assay, combining with morphological
characteristics, 16S rDNA sequence and physiological and biochemical characteristics to identify and determine its
taxonomic status,its antagonistic potential against disease and plant growth promotion under greenhouse were further
evaluated. The results showed that strain CZ isolated from the vinegar residue substrate exhibited broad - spectrum
antagonism towards the tested fungi,including Fusarium oxysporum {. sp. niveum, Fusarium oxysporum {. sp. Melonis,
Fusarium oxysporum {. sp. cucumerinum,Gibberella fujikuroi (Sawada) Wollenw, Fusarium graminearum ,Glomerella
cingulate. According to the morphological, phylogenetic analysis of the 16S rDNA sequence and physiological
characteristics, strain CZ was identified as Bacillus vallismortis. Strain CZ also was found to be effective in controlling
damping-off disease caused by Rhizoctonia solani under greenhouse conditions,inoculated with strain CZ led the percent
disease index reductions in 18. 3%5. Together all,strain CZ has great potential as a biocontrol agent.

Key words: vinegar waste;antagonistic bacterial ;isolated; disease-suppressive ; growth-promoting
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