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H OE: (%7 &£ RER L& E FEH (Colletotrichum musae) iz £ 5| R AHHRE, TF
RAEFE TR R, [B ) AN Bk g6 ROtk LA T 5k b st A B RERA A R4
B, JPMmAB RS RR. [5&] RA-FBRMEFEES B @AM, ¥4 Colletotrichum musae #
FBTE, AR-FRAEEFREARRMRGANR,; B SHFE. £ AR 16S rRNA A
ARt s g o Ribis, RALE FGEMR LAY TN, sSEERKT TN LEDFTNE, B
ik e LR R Ak, (4R ] Tp ik RAT — ARt & B R E B B A SR A5 L 20Ok 69 B ) HSL3-29,
Hom hy ) E S 81.83%, JFHATH AL 6 AP RR AR EA REAELGIFMER, B ERT. R
FIZEA T SRR, A A NAFIER 16S rRNA A B 53] 547, #04 % % H# HSL3-29 2 Bacillus
amyloliquefaciens. % B4kt A KA 424 h; MAFFEER T EEEHE, BASZ WG
BiREe S, FEAAEZENOIRE T AT, AR FEREROFIEZERA 394%. (48] 05
ik B — Rt A BRI AR BRERGEA, AR —F TR FEREROETG R ARET A TR,
KiR: BT, HFERER, £ FN, 2 FHIME, AP
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Isolation, identification, and biocontrol effect of a bacterial
strain HSL3-29 against Colletotrichum musae

PAN Jieming'?, YU Ye', CHEN Weiwei', BEI Yongjian"?, XIN Guiyu'?, JIANG Yuanyuan',
LIU Yao', YA Caina', LAI Jieling

1 College of Biology & Pharmacy, Yulin Normal University, Yulin 537000, Guangxi, China
2 Key Laboratory for Conservation and Utilization of Subtropical Bio-resources, Education Department of Guangxi
Zhuang Autonomous Region, Yulin 537000, Guangxi, China

Abstract: [Background] Banana anthracnose is a fungal disease caused by Colletotrichum
musae, which seriously restricts the development of the banana industry. [Objective] To screen
the biocontrol bacteria against Colletotrichum musae from mangrove soil samples in Guangxi
Zhuang Autonomous Region, and evaluate the biocontrol effect of the fermentation broth.
[Methods] The biocontrol bacteria were isolated by dilution plate method, and a plate
confrontation experiment was conducted to screen out the strains with antagonistic effects on
C. musae. The bacterial strain was identified based on morphological characteristics, physiological
and biochemical properties, and 16S rRNA sequencing results. The biological characteristics of
the strain screened out were studied by single factor experiments. The antagonistic activity was
evaluated based on the mycelial growth rate. The biocontrol effect of the fermentation broth was
examined with detached banana. [Results] A strain HSL3-29 was isolated from mangrove soil. It
had a strong antagonistic effect against C. musae, with the inhibition rate of 81.83%. HSL3-29
had a broad antimicrobial spectrum, with inhibitory effects on other six plant pathogenic fungal
species. HSL3-29 was identified as Bacillus amyloliquefaciens. The strain entered the logarithmic
growth stage during 4-24 h. It was sensitive to ampicillin and vancomycin, had tolerance to high
temperatures, and could survive in high salt environments. The fermentation broth of the strain
showed the biocontrol effect up to 39.4% on the banana fruits infected with anthracnose.
[Conclusion] A strain of B. amyloliquefaciens with strong antagonism to C. musae was isolated,
which provided strain resources for the development of biocontrol agents for banana anthracnose.

Keywords: isolation and identification; banana anthracnose; biological activity; biological
characteristic; biological control

B AL BRI A2 1 A5 4 < JE TR (Col letotrichum
musae) (= 4 51 S i B R PR, 7 E R I A AR
F4 B o) A R IR I a i i N O IR e
HIRSE R SR AR, My Kk
ARG BEH, R SRR ik 2
AN B AEER R, EE N
RELMAERK LT o HETE X 0 8 B B 6T
B BB R F B A R 3 % T — 0 T 5

JEUB AR, 53— 9 T B i PR AR T e,
B NS RE . NI, PR SRR & AR SO
T B TR A A B B S

A 97 16 19 5% B G R i & BA G
WhETsge . NG PRSI, TRZMITEH
MIE R BTAMTIE SR, AR RUE Y s
JE R BAARNIBIAROR , 5 2F AT | R
PR RS I 4, PR AT R, WnZFA
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FF B X 25 00 Fh A 2 P B ) B AR L
FRURR JE 7 U R P T 25 12 46 L B 5 B T K
PATE N

ABFSE LA PO A IR X LR T Y £
ORI S, 43 S I 3 X A A I B LA T
TBOR M ZERIAT I, 45 BT ARHE . Ak
FEAE A2 16S rRNA K 791 43 #ir 45 J 12 48 2 0
PER MR, IETEM R B AR AL, LU AR A
BAEIR WA= Py B e R AL AP B, IF R iE vEAR
W00 oy s R R A= AR

1 MR5r%

1.1 #&m

TR AT AR XA TR X AR
LT AR (21°46'N, 109°31'E), BUREE 10-20 cm
AR A48, ASRIRT IS 2 AN TG TR % B 40548 .

& #E 7% JH FH (Colletotrichum musae) . #H 47 7k
JH 1 (Colletotrichum gloeosporioides) . 7K F&fif i
% B (Pyricularia oryzae) . 7 £ i ZE 0N
(Fusarium oxysporum f. sp. cubense racel)fl7*
R #E L B (Mango pestalotiopsis)H H
o Ll Bl 2 B s 2R W1 EOR BF R e 1k 5 2
W 4% 5 761 B (Alternaria  tenuissima) #1450 i JH
B (Colletotrichum horii) i1 A< P 20 {4 .
1.2 FERFIANEE

474 DNA $#&BUGRAF £, Omega AH]. 7
X AR ZERKE S, BUL(E T DA R A
H; @B TAES, BMERESIEARERAA,;
A B, TN ISR ARG IR A W] 5 A
RREFRAE, OB 2 7 avlA PR A )
1.3 HilERE

LB #5570 . LA Hige bk D8 B4 A han
BHE IR HL(PDA) A RV B 1 R B 957 0 S AR AR
AT 3G IR 5L C I 75 SCR[13]5 IR IR 97 2
(broth peptone agar medium, BPA)¢ £ %

BR14]; 7 280 W % B 2 IR 55 55 i (ager yeast
dextrose medium, AYDA)C 5% CRik[15]; 4
IR 25 R EE ) 1R 77 5 (beef peptone yeast medium,
BPY)IL J5 7% SCHk[16].
1.4 FEmMEKRN S EESEK

SR FARE R BRI B 2R AT T . B 10 g
T HFEE N E] 90 mL JEE K, 28 °C. 180 r/min
PEIRYR Y 20 min, #E 5 IS 80 °C fHI
K 30 min, ZRJFHC 1 mL I AKEA 9 mL JLHE
KRB R IRGIRS, AR RER 107, 107
10701 3 ANBEIE o RN BRI 200 pL 355
WA T REE AR L, B R 3 K
FHE, EE 1hJ5T 37°CHEE5 48 h, Phik
AN RIS Y () T % 2l AR TR AT

DA R I TR R o B AT, SR P AR R
IR 325 X5F 3 5 1) 1) TR AR R AT O M R LRI SEAE
PDA - FP0 8 A HAR N 6 mm A B A BT A
TR 5 B P 2.5 em Ab43 A 24y B 4l
FEARAS I FEI RS B R Ak, B 0P 3 IRE R,
DU A 00 R A PDA Sk 25 (X IR
41, KA Ok 2 R AR, R
AR DRI R

MER (%) =
ok B ZE s i A EL AR — AR PR JRU T ELAR %100 (1)
X B ZH 0 S ELAR

1.5 EHHELEE

He 0 345 20 1 H BRI AR 4 BN F BPA
AYDA BPY .LB 14~ N & FH idE 5 5, 37 °C
FIEEESR 1 d EWERKRNIES, JF rE=
R, 2% CHEWAERGEEETFM) ", F
FH e A Al 2 2 4 X B R A T A AR LSS

KN DNA RG] £ 2 H AR B bk
f) DNA, LA 27F (5-AGAGTTTGATCCTGGCTC
AG-3")Fl1 1492R (5-TACGGCTACCTTGTTACG
ACTT-3") K5 #1414 16S rRNA :[F 551 ,PCR
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RSAZR (25 ul): 2xTaqMix 12.5 L, 1F . FZ ]
51%(5 pmol/L)4% 1 uL, %A DNA (10 mmol/L)
1 puL, ddH,O 9.5 pL. PCR JZJW &M 94 °C
5 min; 94 °C 30s, 52°C 30s, 72 °C 1 min,
35 MEFR; 72 °C 10 min; 4 °CI#4%. PCR ¥
PR TN A A BRA T, SRR
Pl 751 2 GenBank, Jf-7F NCBI %4 % e
XT3 Hr, FIH MEGA 7.0 LA neighbor-joining
WHERGEKER
1.6 FLEIERINE

I B X DR 2 D 35 e R 0T AN [ A3 3o
JRTE A HRIAVE, ik 1.4,
1.7 BEHRBIE 4N E
1.7.1 AR

SR PR R B 0 R AN Rl B AR
R
1.7.2  HFKAITEL BE 1N ZE

FEPL B R 56 A E 22 B He 2O
TIEREAE B PRI P R IE P R T LB
Regedkedr, 37 °C, 180 r/min JR% 555 12 h 15
FIFEVUR R YA 1% (R BO R R
FEU T B R R AP &= NaCl Z9K % H 0%, 5%,
10% . 15%7F1 20%H5 LB K532 3, BEA-He %
B 3AEEH, 37°C, 180 r/min FEFH G 24 h
Je BUET W T 600 nm A0 300 52 WK B
1.7.3 EHHEIRMZ 8 SN E

7 A e TR 7 I 7 40 52 5% T i )
P RIS B . BGE AP R B E T A
[, K 07 B F 85.90.95 A1 100 °C
K HIRE 10 min, FHXE O G EhiE 2
BH, FLL 1% (BB MR R AL B 1)
PR RCEFT T3 Y LB 5532 55,37 °C . 180 r/min
PRz 5535 24 h Ja BURE T K 600 nm A0 7 I
JeRE . BEANRERE 3 ANEEH, DIAERE
A0 3 TR A A S XoT B

1.7.4  EHREVE KERZN E

PR AR 2 p e 25w Py
BEAEAE WHEPUR R T LB ki,
37°C. 180 r/min ¥ FERI %, FELL 1% (RFL5345)
FIHE R 2R B LR LB Ki ek, 37 °C,
180 r/min IRy 45 5%, G 4 h UK ODgoo
B, TAMEE 3 KEKR, Lh ODgoo [H A
Aet, BFRRRERARER, il R A LR
1.8 EMABEXNEERBERIIEN

PR MR & T S 25 2 e = U O 1k AR
150 BUR/NE— MR, I E 3 N b 3 .
LB 55 2R Ab PR (BAEXT BRZH) . 1 mg/mL £
FRACFRL (BAPEXT B2 . TCRE ke B Ab A, 13
MR BEE 3 ANEE . HAEMEAENTE, R
Je RSk fER N RE G T, 40 BIE 20 uL LB 15
Fidk | LHE KR | mg/mL 23 R IRIKAER
FERW, FFHTRE, BERE S mm HFAER
TR R R R e T A, MBS AR T
28 CCH M FRA AR L F%, IC S RIRIE DL
IR A Q) A Q) H SR T8 ER B IR AL
B2 B4 Pbr e S 2 SCHR[23].
975 185 48 B (%) =[ X (7 e B A5 B0 % F i) /(42

b S RO = ) < 100 (2)
95 175 Bl I6 38R (%o)=[ (K B8 2H 35 175 458 Kk — &b #H 4
5 T 6 00 )6k BE ZEL 9 15 45 0 100 (3)

2 EREG5M

2.1 EHRBD EIFELS

LA AR L3 3 B i e 1) 13 BRXT & A2
HIH T HA FEPUE BT, 4> 2 %N 68.42%,
HoAP Bk HSL3-29 X 7 A 5 I B 15 DU U i
fE, XHIRFEE SR 5 d ISR 253 81.83% (& 1).
2.2 Btk HSL3-29 L ELE
221 TZSHEE

PR HSL3-29 7E4F PAE A RIS 5 2k B4R
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1 EPRHSL3-29 MEERERIIFHER A

musae 1 -4 Xt IR

Figure 1 Inhibitory of strain HSL3-29 against
Colletotrichum musae. A: The control of Colletotrichum
musae. B: Inhibition of strain HSL3-29 against
Colletotrichum musae.

K1 dRWEERKRA®, H5ET, RERE
FEE (& 2A), FEHAMBEFRAE, 40 BPY JiF4k .
BPA }igi Bk . AYDA $537 R0 LA Bigdt FAEK
I TS T A5 46 5. 76 BPA B3 B b I V5 A 5218
(¥l 2B), £ AYDA IEFREPREEA A6 WK
i FANE(E 20), 78 BPY Hi R 5P v5 3L A
. A BEY (K 2D), 78 LA B3R Erh s
Kk, NS5 (K 2E), Wk HSL3-29 £
RGP MBE (100088, HFEKE L6,
FRAR, Wi, S 455N B (R 3).

222 HEAEULREE

AR A AL IR S5 R B, Ak HSL3-29 fiE
R A 20 & B 1R, ANEEFFHFLRE - IR,

PR EERREL . RE/KARVERY, REMRILAT, 7™
I, AR A, VP IR MR R 5 A B
(#F 1),
223 SDFEMFERE

WL PCR ¥ MRS bR HSL3-29 1Y 16S
rRNA JE[K ¥ 51 (1 418 bp), GenBank %5k
OP550422. FIH NCBI %4 %11 BLAST
X R G R B (K 4), BLAST Zp#r4gs R
178k HSL3-29 5 Bacillus amyloliquefaciens
AR 99%, FREGEAE W B R ER HSL3-29
5 Bacillus amyloliquefaciens strain MPF15
(MT487666) KK TE A — 1~ b KHitk, 286
PRI ARHIE . A3 A AL FRAE )2 16S rRNA [
FEA 4y Hr, ¥ H bk HSL3-29 % E 4 Bacillus
amyloliguefaciens,
2.3 EFk HSL3-39 MiInEIE N EL R

U TSI 45 R R W], Bk HSL3-29 X
6 A AN [ 4 0 5 it B T R AR AN ) A A AR
L P R 2 BRI RO S, X
H18.17%; X 7K R Ao T () A T s d ey, 3R 3]
83.61%, X EFMHESIHF MR N 81.83%, UK

2 E#k HSL3-29 EARMIBERE FAEKHOESHE A S REEAKIEIRE. B:BPA 53 C:

AYDA ;353 D: BPY #5553L. E: LA 5553

Figure 2 Morphological characteristics of strain HSL3-29 grown on different species of media. A: Beef
extract peptone medium. B: BPA medium. C: AYDA medium. D: BPY medium. E: LA medium.
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B3 Btk HSL3-29 WEZR$E
Figure 3  Gram staining of strain HSL3-29.

FOKRERIGIG B o IR0 45 R 2 W BTk HSL3-29 %t
Z R D L B A R i A R L (R S).
2.4 ¥k HSL3-29 B4 Y1 F451E
24.1 HEARER

ORI 45 R R I Tk HSL3-29 X} 7 Fit
AR R B HUSE, K2 N EER .
A GRBUE, MHER. RIBRRMAGR
TIPSR, X DU PR 2N SR R R B T
(R 2).

1 BEFk HSL3-29 A9 IR W4T
Table 1 Physiological and biochemical characteristics
of strain HSL.3-29

Wi H Items 25 Results
SRR +
Glucose fermentation test

RSB IR -
Lactose fermentation test

n Wi B +
Indole test

A5 B8 L s A 1 +
Milk coagulation test

Frig iR Eh i e +
Citrate test

TE R 7K it i +
Starch hydrolysis test

H,S X5 -
Hydrogen sulfide test

VP iR -

VP test

MR {5 -

MR test

+: FEME; - B

+: Positive; —: Negative.

| 7;;—‘ Bacillus inaquosorum strain BGSC 3A28 (NR 104873)
‘ — Bacillus haynesii strain NRRL B-41327 (NR_157609)

0.005

& 4 B+ HSL3-29 T 16S rRNA EEFIHENREZL BN

Anoxybacillus calidus strain C161ab (NR 125532)

Oy XA BUE IR bootstrap {H; E

T NBUED GenBank 5855 Hr 0.005 {UHRPH1 1 B 22 5+
Figure 4 Phylogenetic tree of strain HSL3-29 based on 16S rRNA gene sequence. Numbers at branch nodes
present bootstrap value; Numbers in parentheses are GenBank accession numbers; The scale bar 0.005

represents sequence variance.
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5 &E#k HSL3-29 XA REHEYHE A= EER
WiZE . D: MG RILE. E: SR L B, F: KRR #
Figure 5 The antibacterial effect of strain HSL3-29 on different plant pathogenic fungi. A: Alternaria

tenuissima. B: Colletotrichum horii. C: Fusarium oxysporum f. sp. cubense racel, FOC1. D: Colletotrichum
gloeosporioides. E: Mango pestalotiopsis. F: Pyricularia oryzae.

2.4.2 Bk HSL3-29 fif £h &€ S 890 E

R 37 R B 45 R WIAE NaCl ZURIEN 0
F1 5% LB ¥ 52 5 iZ R MR e i dr b AR
FL ODgoo 43547 1.32+0.15 F1 1.28+0.11, £ K
BB HEES, 16 NaCl LW E & T 10%0), H
PRIGA A SZ 2P0, FBIR PR HSL3-29 XF 464
— € WY 52 5E 1 (& 6).

&2 B¥k HSL3-29 Wi 2514
Table 2 Drug resistance of strain HSL3-29

HUH 259 44 Fi T AR A

Antimicrobial agents  Inhibition Susceptibility
diameter (mm)

HEHER 32.73+1.20 S

Ampicillin

TliER 20.63+0.03 S

Vancomycin

AR 18.0620.37 I

Erythromycin

R R 17.27+0.55 I

Streptomycin

FIRER 17.10£0.31 I

Kanamycin

U2 N 12.98+1.07 R

Tetracycline

HER 0 R

Chloramphenicol

S: U 1. EEHURG R THZY

S: Sensitive; I: Intermediary; R: Drug resistance.

A MU, B: MBIKRIARE. C: FA&

2.4.3 E#k HSL3-29 =R ZiX e

fen Tk I A2 R g 45 SR R I A bk HSL3-29 4
85-100 °Cryilab S5, HAEK REF, 100 °Chb
FJ5 ) ODgoo 4 1.37+0.02, %t B8 37 °CALFR (1)
ODgoo A 1.48+0.01 (& 7), £ iZH ¥R A
it 52 1

1.6
14+
12+

_Lor

8; 0.8+
0.6
0.4
0.2
0.0

0 5
NaCl concentration (%)

10 15 20

6
BE
(P<0.05)

Figure 6  Sensitivity of strain HSL3-29 to different
concentrations of NaCl. Different lowercase letters

indicate significant differences between treatments
(P<0.05).

B ¥k HSL3-29 34 [E NaCl K E B S =%
AR INE R R 7R 45 4b PR ) 22 55 I 5
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2.4.4 TFE¥k HSL3-29 & Kz poin &

AR A e 4 R R B, Bk HSL3-29 7
0—4 h AEKH A, ATER; 4hFAEK
i, ODgoo (HEEXTEE N, #E AXTE A K
TE 24-28 h A KAELE, B ATREW; 28 h
JEWHRAE R TR, #EARTIA 8),
2.4.5 HE# HSL3-29 KB EEXKERL
B3

FHERLG ORI R R, FEEFR
SRR S, AR BT TR B 97.8%, KIHW
AbBRAH A T TR BN 59.26%, 22 R AL HA (1)

1.8¢
1.6+
1.4}
12+
g1.0}
Sost
0.6
04}
02t
0.0

Temperature (°C)

7 BE#k HSL3-29 MARIREMERIEE A
i) /NG - RE R 45 b BRI 22 5 . 25 (P<0.05)
Figure 7 Sensitivity of strain HSL3-29 to different

temperatures. Different lowercase letters indicate
significant differences between treatments (P<0.05).

18
16
1.4
12
S10F
Sos}
0.6
0.4
0.2

0 4 8

T

1 L 1 1 1

12 16 24 28 32 36 40 48 52

Time (h)

8 ¥k HSL3-29 MyE Kihsk
Figure 8 Growth curve of strain HSL3-29.

AR BN 30.56%, K TR TR AL B A4 A FE I BT AL
0 BT X B BE B AR, HBH IR ROR R
39.4%, ZHRAIANIPHAEHCER N 68.75%, 5%
P 2 I R BRI B 302 R 218 R I 60% (& 9).

3 W54 #®

A B i A I AE R i E B iR BRI T
5N A TR SO . o 2R AT 2
BN Z AR A 2 —, W st E Y

120 @ Disease index
100} O Control effect

=~ 801
s
5 60f
=
=
— 40
20
Fermentation  Carbendazim LB medium
broth solution
Treatment

9 EHRABAEERIRERNBY A
LB Hi#idk. B: ZWRAMW. C: KEFK. D: A[A
b B BT IR AR

Figure 9 The biocontrol effect of fermentation
broth against anthracnose on the banana fruits. A:
LB medium. B: Carbendazim solution. C:
Fermentation broth. D: Prevention and control
effect of different treatments.
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JTREA R0 B IR, AE AR B R e R v
TE K. BT, ERNINEHREZHE TR
TR FL I B ARGE , An 2R AT X it
SRR . IR AR AR
A AR 2SR AR Rt NE M R B
Foy 95 VR R 7 B R 88 LA A [ R 1 9 1)
FBFIGRC . FLAT L, 2E AT R X L B
MIBGHA BRI . SHTABFREE R —2,
ARG 43 B A B 1) 2R AT 7 HSL3-29 X 7 #5 /¢
JE P HLA BRI HIROCR, R R IA 81.83%, B
ORI /R 1% T R TN 7 2 i JEL o i BXEA
HIFER, RN, (GE 39.4%, AR
FUERBRRAERES, SECR B AR
PR AR A

PRI PR I 0 A M R I R T R & s 2
FIFE PR . ASWFSE & BRI fk HSL3-29 X2 5 5
FRONHUR, XU RRHEW M, X5
Jiang ZEPOF 57 45 - — 50 B bk HSL3-29 X J7 il
BRBAEUR, SXIBEHEED YT WHI #F5E 45
R—3 B EXT RIS R BRI E RS,
PRIk WHI SRR 8 28 3R 0 4 e et | i
AHFSE TP B Mk HSL3-29 Xt -RIRE = HEM N
HEE R, HEDIA AR HSL3-29 Stk WH1 H
A A F AR =4

F 5% il A 0 B A i 2R e A e st e rp B
P AR R BRIV HSL3-29 H3gk
PR SE (AS BT B 71220 A4 4R KR BLAR L,
FERESE 4-24 h B AR AR KORASBORTRER, HIE
Pk HSL3-29 7ER5 5% 28 h Ja s bk gk A 213,
MR 11220 3bFRE 8. Asd, EK
il 2R 300 5 BT FH A5 95 06 LB R 983k, 28 K YR 1Y)
N BT Sy = S N NP 7R U E 1 s o TH
DRI AT B2 G 5 A AR A r 2 5, LB 55 42
BERE SR A 2 LLYE R APk HSL3-29 4R 2447,
BT AW BS, I AT .

Az B B AR BT ST R BRAR S M 3R A
AU, BOREIERTZI IR RENS 776 M 20,
BT, &F 4B i AR it 2 A DA 54
i, WZEAAT R WH1PY BLCCI-1 Al BLCC1-2P
FLA i s e e, AT TE TY24 X7 B SR E.
BTS2 PERS, 2ERIAFE W03 FI D17 HA &8 1
PR HME RE S N BR AR AR F1 07, A I 1 TR AR
HSL3-29 £ 100 °CAbBLJG /736 K, HA 0
TR, X ST AR R — B FRATE
(R AC 380 P B R A A A 4 i R B 4 T — e iy 3
WAL, AR TR ZE A B LA R
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