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BERA AR B BARCR , R RN B AR AL EAE . [ 458 ] Bl-6 J& TARUEm 2 M, M5E
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(Acidovorax citrulli) | £ i PG JIVAIE I _E 11 B K
o, TR A I P XA AN R FE Y & A
WA T E RGN A A S
WA EE ARG N 3, (HR R IR ]
frr A 25 B 2 R — SE TR, AR 24 1 2R
AR R R A0 AR S EREE T G ) L
55 B T 4 Y 24 P R B 1) T R A A [ R
I, IF MM PR S BL G AR B 77 v TN A0 T 1 SR B
i B AR o ARSCRAAE Rt Sk v XAV A
HREBR 43870 B B A — R HEAT T BI-6 X4, B
{0 =5 25 VAN (11 < RR e ] i g e oy

L AR

1.1 kR

U PURA R . ZFMAT I BI-6 2325 F A RIAR
b8, dbaiqRf BEAE ) PRI S0 S R AT

PERAE Y B B . KR 15 B DL AR 0 5
FRT FH AL B AR 2 B AR 9 B S 50 == AR (IR

(L35 P = & S 94 =S e
BABRA A A

MR 2 . 72%A% Tl B R b 2 R AT IR PR 71
1 AR 25 A A BRA /A5 77 o 90% 4 i 5 2 1]
TR, A RE SR T AR R,
1.2 SR

PDA 775k S48 200 g/L, #ZHE 20 g/L,
BEAE 20 g/L; JHTHEYR R A5

RS, FEHE 20 /L, P 10 g/L,
%k 10 g/L, CaCO; 10 g/L, Na,HPO, 2 g/L,
KH,PO, 1 g/L; FFHEPUA BI-6 1Kk EBERT I+ .

LB ¥tk WERRE 5 g/L, A E 10 g/L,
SAALEN S /Ly FF AP AN i 5 55

1.3 HEESSEBEMRELE

U BIE A A AR BAE LS S5 (i LA
W R G T ) Uik T
1.4 16S rDNA. gyrB Fl gyrdA 2EHFF 4387

Btk BJ-6 MU TETETE LB ARG T
28 °C. 180 r/min }53% 36 h, BL.OUCERAK, H40
A DNA $EBGAR G U R DNA . DAFZEUR) R
DNA Jgtsiti, 735 FH4NE 16S rDNA 41558 5|
¥y 27F F1 1492RP") gyrB FERY 145 ¥ gyrb-uplf
1 gyrb-up2t'® | gyrd LY 145159 gyrd-F F
2yrA-RPEFT PCR 738 . PCR [V AR ZR A 25 plL:
2xTag PCR Master Mix 12.5 pL, & DNA #itg
1uL, RIS 1 ul, ddH,0 #h7%)] 25 pl.
PCR JZJ¥: 95°C 5 min; 95°C30s, 54°C30s,
72 °C 1 min, 334 /MFEFR; 72 °C 10 min ZE{H,
W 3G W sl 5k B A TARY) TR () Oy
AR W] AT o ORI R 25 2 22 ) NCBI
(https://www.ncbi.nlm.nih.gov/) ¥ 45 &+, JE17
BLAST HXF43Hr. M NCBI R 38 Ho A 28 AT 14
AOFHSCIE R 741, Al Clustral W 34 Fil MEGA
5.0 BRI HE R R GEHEAY .
1.5 Bibk BJ-6 BUIM B M0 E

SR VA X IRE T E FE P R R BI-6 XTHE Y
o0 VLT M PR TG o R R B P vk TV S R A
BJ-6 XHAE 5 IS 20 BT A 410 B TG
1.6 ZEMIFTFEE BJ-6 X401 MR B0 B B
ROR

SR FH 206 0 1 5 2 S 3 U 1 5 B A 14 BT s
L/E

FEPUT R TR 25 . RS ALY BJ-6 TR
PR 1% RN BREAT 100 mL 19 & TERs 5 ik
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tr, 28 °C. 180 r/min k% 34557 3 d, 15 H Pk BJ-6
MR, BOREEZ) 7x10° CFU/mL.

o DU P D DR R ) 4 B TS AR A B R
TR MR BRI MH21 1Y B BRZOR B 1%
RERINFASA 100 mL #Y LB AR =5+,
28 °C. 180 r/min R %% ¥55% 3 d, WREBIKE R
1x10° CFU/mL, WEZ54F I A 1%t 80,

BHRA AL BAERD . e, RIS 4%
TB/K L 72%4% F#ERE 2 PR R R 1000 £53 . 90%
B 2 TR 1000 159 . FRBE 5 %519 BI-6
W K TR (B WO JE 1.4x10° CFU/mL) . Hi B¢
5 %Y BJ-6 KM KFEER VAL RE 5 f5 R ARk
6 MALIIA S N AEL b, AR 3 4
B 5 BRI, KI5, WSS RN T A 1 2R
PO, &, RIBOGREKESR

Kt g . AP IESs 5 KA 7 KUEHKY)
RO, TR (A D) R TE RS
L 2)FPHIARIR A 3) o 0 SR BEG 7 b
W1,

RIR (% )=IR B TR A B 100% (1)

P 175 16 B=Y (4% P - BOA R B )/ (0 4 6L

- 250« B ey o AL < 100 (2)

B 1A B8R (%) = O6F BR g 1 15 B —4b 393 15 4

BOXT R TETE£0<100%  (3)

F 1. MHIKHAEMERBR D RIFE

Table 1. The grading standard of bacterial fruit blotch
of melon

Grade The severity of symptom

0 No lesions on leaves

1 0-5% lesion area in total leaves

3 6%—10% lesion area in total leaves

5 11%—25% lesion area in total leaves

7 25%-50% lesion area in total leaves

9 More than 50% lesion area in total leaves

actamicro@im.ac.cn

1.7 ZE WA AR AW E

TR KE ML (@=6 cm) 475l HEA
1 mL., 5 mL ##k BJ-6 &R A K 3 A~ab3,
bl 5 4, TEALIRRYAER PAEFETR, 20 d 5
T E bR . ZEML, EEE . AL

2 HRFH

2.1 AT BJ-6 RIESFHEMEE SR

PPk BJ-6 1E LB 5575k FAEK 2448 h Ji, W
ORI C, WY EI A6, BEAM
W HASE R, TV R A, AR SRR 1-A).
A e SN R O L1 o O SRy AN S =Y e
T B T SRR AR, ZFFRTIAO G
A ARG, 2R T JR R (& 1-B),
2.2 ZFEHATHE BJ-6 BAEBRA: fLASAE

PR BJ-6 AEBAE ARSI R I i R |
TERERIATE . PAIRCRAEIRES . VP I 48 5 P 5
A EIREE . WASTRERIA R . 474 R
HIRRLOR G 1 S . BRI PR BI-6 7ELURS AR B . &
TR . BBREL . SORH RGN R ok — AR B AR rh
Waed ., BI-6 FIFHAG0E . WU, 222008, BE
WL FLBE . LR L BB 0 OR LU ARE A T 5
Weht, 27 (i WATH RG40E T ) . Tbk BI-6
R E R 2 T DR A RRIE SR A AR B

1. E#k BJ-6 BYE % (A)FNZF1(B)
Figure 1. The colony of stain BJ-6 (A) and its spore

structure under scanning microscope (B).
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2.3 T 16S rDNA. gyrd Fl gyrB B 755471
R

¥ PCR ¥ M4 Hikk BI-6 # 16S rDNA. gyrd
1 gyrB FEH P H$E58F] GenBank H1(16S rRNA
FEIR & 5 MN272328, gyrd &35 MN295596,
gyrB % 35 MN295597), ik BLAST A Lo Xt
O3B PR, kK BI-6 11 16S rRNA KE[K 44 751
5 NCBI H 28 B A B & e S AR LS fie s, TRk
BJ-6 5z J& T JLAMEE R i e ) AH AL EE 4 7
100%. gyrB Fl gyrd 5&HFH 0 LT 45 R Bos
BJ-6 TR K -5 A E R 2 LA T = BE AR B i A AR B
16S rRNA | gyrB il gyrd F:HN ¥4, #]H MEGA
5.0 AL R RG I K FW B R EI(E 2),
B K BJ-6 5 R UE R 2F AT I DSM7(FN597644.1)
BRI —3L b MIEWETEIEESRIE S AE AR
fiE, XPHE (W WA BRGS0 T |, IFEG &

SR B M, VI E ik BI-6 N RIE R ZF AT
W (B. amyloliquefaciens).
2.4 FERFTHE BI-6 BUIMETE 2

ZEMUATF R BI-6 XL 15 FliE Yo I B 1
MBS T E LS R LB 3 R 2. FERk BI-6 Xt
15 FIAE P97 Jir D 35 2 B0 8 A [ B P A il o 1k
Forb X H A SR TA SRR R R T . BR A
AR VR LR . AT R L AT T R
TR TR AT T P i i, U0 PRI W R 0 ik ) 1.27
0.90, 0.75, 0.59. 0.50 cm; XA MR . B
RESHIATE . FORRBENE . MR . &
ORI A B . BB T . CRAE RN I B
A 250 T 10 B T MR 22, 0 9 RE 43 ) R
0.47.0.43.0.43,0.35. 0.30, 0.22, 0.22, 0.13 cm;
X RERE ARG ZE I 0 . B A TR A TR B R
.

— BJ-6

75

52

100

54

L Bacillus amyloliquefaciens DSM7" (FN597644.1)

Bacillus velezensis AS43.3 (NC019842.1)

Bacillus subtilis subsp. spizizenii TU-B-10T (CP002905.1)

1 00| Bacillus subtilis NCIB3610" (CP020102.1)

Bacillus subtilis subsp. subtilis 168 (CP019662.1)

Bacillus licheniformis DSM13T (AE017333.1)

100 Bacillus licheniformis NCTC10341 (LR134392.1)
Bacillus safensis FO36b" (CP010405.1)

L{ Bacillus cytotoxicus NVH391-98" (CP000764.1)

59 Bacillus coagulans DSM1T (CP009709.1)

0.05

Bacillus thuringiensis YWC2-8 (CP013055.1)

2. ET 16SrRNA. gyrd A gyrB Z EE FIHIHIB R DT

Figure 2.

Phylogenetic tree based on the sequences of 16S rRNA, gyr4 and gyrB. GenBank accession numbers of

the aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar 0.05 means the

nucleotide substitution rate of 0.05. T represents the sequence from the type strain.
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Figure 3.

& 3.

EHk BJ-6 BIIEE M

Antimicrobial activity of BJ-6 strain. A: Colletotrichum fragariae; B: Rhizoctonia solani; C:

Colletotrichum fragariae; D: Botryosphaeria dothidea; E: Pilidiella diplodiella; F: Phytophthora capsici; G: Valsa

mali; H: Fusarium oxysporum; 1. Exserohilum turcicum; J: Botryotinia fuckelliana; K: Fusarium oxysporum; L:

Colletotrchum fructicola; M: Colletotrichum orbiculare; N: Acidovorax citrull; O: Xanthomonas campestris.

& 2. K BJ-6 Xt 15 FEYS IR & AN HIAE A
Table 2. Inhibition activity of BJ-6 against 15 plant pathogens

Diseases Pathogen Inhibition belt/cm
Grape anthracnose Colletotrichum fragariae 1.27+0.08
Apple canker Valsa mali 0.90+0.25
Peach perforation Xanthomonas campestris 0.75+0.05
Grape white rot Pilidiella diplodiella 0.59+0.19
Bacterial fruit blotch of melon Acidovorax citrulli 0.50+0.00
Grape canker Botryosphaeria dothidea 0.47+0.06
Strawberry anthracnose Colletotrichum fragariae 0.43+0.07
Northern leaf blight of corn Exserohilum turcicum 0.43+0.07
Pumpkin anthracnose Colletotrichum orbiculare 0.35+0.05
Grape canker Botryotinia fuckelliana 0.30+0.10
Phytophthora blight of pepper Phytophthora capsici 0.22+0.03
Strawberry anthracnose Colletotrchum fructicola 0.22+40.11
Cucumber fusarium wilt Fusarium oxysporum 0.13+0.03
Strawberry fusarium wilt Fusarium oxysporum 0+0
Strawberry seedling disease Rhizoctonia solani 0+0

actamicro@im.ac.cn
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2.5 ZEMIFTEE BJ-6 XTEHRNYHEE TR RBEAG B B
BOR

SR F A3 25 F2 A 4 J5 00 5 T TR R B-6 X
T B PE S BE A B VA A5CR (B 4 F3k 3), 455
R, AR RS AR 5 d s, AbBAH A
PR TR . AR FIEERE 3R . BT 2 3R T KB R R
BRI R 10%, 10%. 15.63%., 43.33%,
WG R B 1.85, 7.78. 10.07, 18.52, ik
BB 5 H 95.84% ., 82.49%. 77.34%. 58.33%.
IKORITRE FR 5L 10 %o B2 A B % s e o, o T2 4331
9 80%FN 70%, i TETE £ 44.44 F1 47.04,
HI AT UL BI-6 (1877 B & TR 7 R i, K3 T
95%Lh b, W TR R PG R . At
IR R M SR BB B 7 d Je, AL BRA Y PR R TR . AR
PRS2 . T 25 28 TN K TR R IR VRIS 17 46 55053 i)
J9.62, 7.78. 24.55. 2630, BiiARH4> BN
79.55%. 83.46%. 47.81%. 44.09%.

2.6 ENARFRIEAEIERNESER

B NARME S REW], H] BI-6 kA& TR
VRE AR Ak B IO A K B B 25 1 4 A6
(£ 4). 111 mL i BJ-6 KFEARREMRALIES, #iTK
IR 7SR 7 =TI R : EN ) o s & |

= 3.

20.64 cm, 2.90 mm, 1.73 g. 4.80 4>, HXFHES5
HANT 32.14%. 7.41%. 12.34%. 14.29%. Ffl 5 mL
(1) BJ-6 & TEERL ), TR bR . 254
ff AN B 25.16 cm, 2.80 mm, 175 g
5.25 4>, Hxd B4 51134 61.08% . 3.70% . 13.64% .
25.00%.

A

4. BJ-6 BIHK & EEGN  HOEH A & 14 SR B s B B
AR

Figure 4. The biocontrol effect of BJ-6 fermentation
broth on bacterial fruit blotch of melon seedlings. A:
water; B: culture medium; C: fermentation liquid with
bacteria; D: sterile fermentation liquid; E: 72%
agricultural streptomycin (72% streptomycin sulfate);
F: 90% Xinzhimycin (35% streptomycin sulfate and

55% oxytetracycline hydrochloride).

BTk BJ-6 A B it xS 22 35 B IVAR 31 14 R I B9 B A 38R

Table 3. The biocontrol effect of BJ-6 fermentation broth on bacterial fruit blotch of sweet melon
5d 7d

Treatments Inci(.ience Disease  Control Inci(.ience Disease  Control

of diseased . of diseased .

leaves/% index effect/% leaves/% index effect/%
Water 80.00 44.44 0.00 76.67 47.04 0.00
5 times dilution of culture medium 70.00 47.04 -5.85 80.00 55.56 -18.11
5 times dilution of fermentation broth with bacteria 10.00 1.85 95.84 23.33 9.62 79.55
5 times dilution of sterile fermentation broth 43.33 18.52 58.33 46.67 26.30 44.09
1000 times dilution of 90% Xinzhimycin 15.63 10.07 77.34 28.13 24.55 47.81
1000 times dilution of 72% agricultural streptomycin 10.00 7.78 82.49 10.00 7.78 83.46

http://journals.im.ac.cn/actamicrocn
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R4 Bk BJ-6 & EEEXENE £ KA
Table 4. The effect of BJ-6 fermentation broth on the growth of melon seedlings

Treatment Stem length/cm Stem dameter/mm  Fresh weight/g Number of leaves
Water 15.62 2.70 1.54 4.20
1 mL of fermentation broth with bacteria 20.64 2.90 1.73 4.80
5 mL of fermentation broth with bacteria 25.16 2.80 1.75 5.25

3 3tk

WG ASHE . AR AR AR DL R T 16S
RNA . gyrd Fil gyrB JFHN 2R R A5 H1, W)
A Wbk BJ-6 % E i UE B A M AF A
(B. amyloliquefaciens). 16S TRNA F&[H i T 5 & f#
S, P ARE D@ K E AR, Tovk X 2R
LR R BOLWFRIDC R o gyrd F1 gyrB FERAFTET
FiA Aim b, JE4mis DNA {25ERE A Al B W4
EAMEEN, 73T PR EH 168 rRNA FERIRAR
%, HIFNEFEEARME grd M gyrB FEHAE
HRKRZES. Hil grd fl grB EAMWBE RS L
B, NITHIEA R R 2Z B AR GO R, =20 M
FF 18 (Bacillus) )& 4y 2852 k0, J,
ARSI R 2 HE I R X 16S rRNA gyrd Hl gyrB
SRR GEAT T TR EIE KB, bR
BJ-6 XL 4 I S0 AE P I B A A AN [ R
AR TR TG M, G PP 0 A 4 SR TR L ST B T
FE TR DU A TP 2 AL T A T A
FH T2 T 1 SR TR e 00 B 05 1 A o TR BI-6 X
FHTCE T 1 SR TR0 Y AR BT R A B, BI-6 47
TR R TR T T SRS, 3Rt 5 d 5 B RCR & T
KGR R | PSR KE KB KR
TEEBONS Tl AR T PR B TS — E BT, 4
I BI-6 K I A B BE470 TR ) SRS 21 1
PR A o T A B T 8 T K TR R TR, 1
WA RE IR A HA A B LEAEAE ,  HEAn A= B 1A o 3
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BN, SRR E SRS B AL, G
s JUTA S REAR SUAE ) 55 s B AR B R A ) R 1
FEIEIE B A R BARE 4, RS L oA ) 240
SERFNOACAR A S AR, A D AR SO R
A R RE A BT A5 AR A 7 AR O T RO AR
Wy TR, ATl A 35 2k i A 4 B0,
TG VA R TR YRGS i T 200 T 1 SR B A AR 4 ) Bl T A
F, UESE T BJ-6 BAE 7 AE — LB YT, X LEHT
R T RE RS SIS B B R BE R P S R %
FEAG ARSI 200 REAZE Y0 . M AR A T
WILTF — 245058 BI-6 MR R B, Wi
FIF BI-6 7= A R FACH Y. =z, Hk BI-6
MBERE, MBS, HA RAR B e
R, BA I EF SR,

2 % B
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Identification of Bacillus sp. BJ-6 for biocontrol of bacterial
fruit blotch of melon
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Abstract: Bacillus sp. is one of the most studied microorganisms in biological control of plant diseases. It is widely
distributed in nature and has great potential in agriculture. [Objective] To identify strain BJ-6 and explore its
biological control function. [Methods] We identified the strain BJ-6 by morphological characteristics,
physiological and biochemical tests and 16S rRNA, gyrd4 and gyrB gene sequence analysis. We measured the
antimicrobial spectrum of BJ-6 by antagonistic experiment and studied the biocontrol effects and growth promotion
on melon seedlings by pot experiment. [Results] We identified strain BJ-6 as B. amyloliquefaciens through the
phylogenetic analysis of 16S rRNA, gyr4 and gyrB sequences, and the characteristics of morphology, physiology
and biochemistry. We found that BJ-6 strain had the bioactivity against 15 plant pathogens by the antagonistic
experiment. The fermentation broth of BJ-6 had very good control efficiency to bacterial fruit blotch of melon
seedlings in the pot experiment. Pot tests also showed that BJ-6 strain could promote the melon seedlings growth
significantly. [Conclusion] We identified BJ-6 strain as B. amyloliquefaciens. Due to its broad spectrum of
inhibiting plant pathogens and plant growth promoting ability, this stain had a good development value as
biocontrol agents in plant protection.
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