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Abstract: Anthracnose caused by Colletotrichum gloeosporioides occurs extensively during the post-harvest storage of
papaya (Carica papaya L.), significantly affecting fruit quality and yield. In this study, the excellent antagonistic bacte-
ria J-11 agaist C. gloeosporioides were screened from the rhizosphere soil of papaya, and the antagonistic characteristics
and biological control ability were explored. The size of biocontrol bacterium J-11 was about 1.5 umx3.3 pm (growing
for 3 d), Gram-positive (G"), rod-shaped or oval, common single arrangement, and its morphological characteristics
were consistent with Bacillus velezensis. The sequences of 16S rRNA, gyrA and gyrB genes of strain J-11 were 99.28%,
97.57% and 98.79% consistent with those of B. velezensis model strain OOT-47, respectively. Phylogenetic tree analysis
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showed that the tested strain J-11 and Bacillus velezensis LB4 were clustered into one branch. According to the results
of morphological, molecular biological and physicochemical analysis, it was confirmed that the microbial antagonistic
pathogen of papaya C. gloeosporioides in Zhanjiang area of Guangdong was B. velezensis. Strain J-11 demonstrated a
broad-spectrum antifungal ability, inhibiting the growth of three pathogenic fungi of C. gloeosporioides, C. siamense
and Botryosphaeria dothidea, with antagonism indices of 0.48, 0.41 and 0.40, respectively. The control testing showed
that the inhibition rate of strain J-11 against the C. gloeosporioides on papaya leaves was 89.96%, and the inhibition rate
of strain J-11 against the C. gloeosporioides on papaya fruits in vitro was 84.92%. Strain J-11 screened in this study has
a certain control effect on papaya anthracnose, which could provide a theoretical basis for in-depth study of the anti-

bacterial mechanism of plant biocontrol bacteria and will lay a foundation for its development and utilization.
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Tab. 1 Reference isolates used in this study and their GenBank accession numbers
ok ik GenBank % 3%¢*5 GenBank accession No.
Species Strain gyrA gyrB 16S rRNA

DU SENR 2E AT 58 ( Bacillus velezensis ) BGS21 OR134737.1 OR501062.1 OR016129.1
DUSEWTZE AT (B. velezensis ) E-17 PP085430.1 PQ152015.1 PQ072335.1
VUSEHTZE KT 1A ( B. velezensis ) LB4 OR966879.1 OR966880.1 ORY958734.1
fi SEARY ZEAUAT I ( Bacillus amyloliquefaciens ) AS1.398 KM667968.1 KM654297.1 KM654296.1
R TE N ZE AT B (B, amyloliquefaciens ) ATCC15841 FN662838.1 DQ309310.1 AY055226.1
% JE A 2F 74T (B, amyloliquefaciens ) BJ-6 MN295596.1 MN295597.1 MN272328.1
% JE A 2F 74T (B. amyloliquefaciens ) CICC 10063 KM667970.1 KM596840.1 KM596837.1
fiSE R ZEAUFT I (B, amyloliquefaciens ) CICC 10160 KM667969.1 KM596842.1 KM596839.1
TR ZEAIAT A (B, amyloliquefaciens ) XKPY2 0Q659399.1 0Q659396.1 OP324656.1
E45 2 AUAT (B, atrophaeus ) QH-588 MW401272.1 MW401276.1 MW380650.1
ZEEATE (B. inaquosus ) NRRL B-23052 EU138605.1 HQ605914.1 NR_116188.1
FHb AT (B. altitudinis ) Il 0Q408169.1 0Q408194.1 0Q382865.1
KIAFFE ( Escherichia coli) K-12 substrain MG1655 NC 000913.3 CP097883.1 CP097884.1

ZH 9 R TR BL#E%x100%, i ] GraphPad Prism 8 %X
PEEAT i 2 A BT R IR, 0 X6 28 A
IR RCR Sy B E M S h P o
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ATRBIE B T3 M0 F B I7 W A S DU B R S
D AFL TR 78 - 55 B A8 8 A 2 AR TSR 2 o 7335
B, ATCHEKME XTI, 8 3 WEHE ., 764
0.2, 4,6, 8, 10, 12 K4\M, I{fiH ImageJ
AR 0 e A TR ST A 5 0 B AR O SR R
W, AR, BAEANE 1.2.3- (1),
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2.1.1 BAEAFEZ EARBRRAA AR J-11
URATE PDA 553734 -, 28 CHFE 2 d FRAHHL
H%. TEAFMEER, T-11 A EVEE PDA
Bk b RA6, WY . ANEH, Rt
W, WIEDEARN, SEFE, Fo A atpg,
b S EEIRER (1A, K 1B ), 2[Ry 2
PHME (I 1C ). ABRAALRRMERBA, J-11 XA
—E BT EZE . W J-11 IR SEE, Y%

e LN RS e W g e DR,
A: BEFRIEIEM; B: BEFRIEEM; C. EARGA,

A: Front of the culture medium; B: Back of the culture medium;

C: Gram stain test.

Bl 1 FAMRGRLERERER I-11 R EHE
Fig. 1 Morphological characteristics of antagonistic strain
J-11 in the rhizosphere soil of papaya
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212 H»FAHmFSEE PCRYMELERE R, il
FH gyrA. gyrB F1 16S rRNA E:[H 5144 4% 1-11 119
R B RN 329 1000, 1200, 1500 bp (& 2 ),
i NCBI $0¥i % 7547 Blast [R]JEE L, 45 4%
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1. 4, 55 A51 9% p-gyrA-r/f, F27/R1541 il gyrB-F/R ¥ 3%
FEHUR Y PCR 172 52 F1 3 43510 5190 %F V3-V4 illuminaF/R
1 gyrB-UP1F/UP2SR ¥ B 4541 TE 16S rDNA 1 gyrB L
JF5 9 PCR & 9747
1, 4 and 5 were PCR amplification products of antagonistic bacteria
with primers of p-gyrA-r/f, F27/R1541 and gyrB-F/R, respectively;
2 and 3 were PCR amplified products of the 16S rDNA and gyrB
gene sequences of antagonistic bacteria by V3-V4 illuminaF/R and
gyrB-UP1F/UP2SR primers, respectively.

B2 #HE J-11 K PCR ¥ B4R
Fig. 2 PCR amplification results of antagonistic strain J-11

PR 2T 2 000, BeAHiE J-11 DL

SEHRZEAUAT B ( B. velezensis ),

22 #WE I X3 MBEEERENEREA
SRR XFIRESE B 255 (K] 4) o, FEPUmE J-11

X3 AP R A AN R R B A ERIAE T, B ROR /N

(] A PR P, ELIE R e B R 225 57 10 d I TR

A: HFERE BD1; B: HEX HIHE ZJ01;

C: JRARIAH T3; D: A% R BDIH-11;

FEI A /INASAR o H e 11 X ) 2 DA s T %) 410 1 2
M 1.23 em, XN FFEPLEEECH 0.40; J-11 XfiE
% BHEIH T B I B B A 1.28 em, X AO RSB
R 0.41; J-11 X e A o JE TR 1) 0 1 P P AR R
1.52 em, XF R IFEHIFEECH 0.48 (£ 2 ), 45HRE
B, J-11 BT — i ae Jy, HIMErERefe e .
2.3 EREXNEARREHHFREENIEZE

T ARG R S5 R & 5 s, B
BAHTE T3 BT AR |5, B A AR B
TG, BfE RGP IE K, BRYLER A 5

99 Bacillus amyloliguefaciens strain ATCC15841
Bacillus amyloliquefaciens strain XKPY2
Bacillus lolig strain BJ-6
Bacillus loliquefaciens strain CICC 10063
Bacillus lolig strain CICC 10160
Bacillus loliquefaciens strain AS1.398
Bacillus inaquosus strain NRRL B-23052
Bacillus atrophaeus strain QH-588
Bacillus altitudinis strain J1
100 ——A J-11

L— Bacillus velezensis strain LB4
100 — Bacillus velezensis strain BGS21

L Bacillus velezensis strain E-17
Escherichia coli strain K-12 substrain MG1655

VAR IGAT BB ¥R K-12 substrain MG1655 1B (LA 9 SMEE
E. coli strain K-12 substrain MG1655 was used as the outgroup of
the phylogenetic tree.

3 FEHE J-11 &ETF gyrA. gyrB F1 16S rRNA
EEFIINRERER
Fig. 3 Phylogenetic tree of antagonistic strain J-11 based
on gyrA, gyrB and 16S rRNA gene sequence

E: BYBJHME ZI01+-11; F: RARIER T3+I-11
A: B. dothidea BD1; B: C. siamense ZJ01; C: C. gloeosporioides T3; D: B. dothidea BD1+J-11;
E: C. siamense ZJ01+J-11; F: C. gloeosporioides T3+J-11.
B4 #HRE I-11 5FKANFEE X LS

Fig. 4 Confrontation experiment between antagonistic strain J-11 and papaya pathogen
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Tab. 2 Inhibitory effect of B. velezensis J-11 on pathogenic bacteria

B EiNEs) R ey e B AR WPREC  WEREMAERER O RERAIREREE mHE SR
Stain Inhibition zone Radius of biocon- Antagonistic Growth radius of the Inhibition growth radius of  Inhibition
radius/cm trol bacteria/cm index pathogen/cm pathogenic bacteria/cm percentage
J-1 % e BD1L 1.23£0.13° 0.83+0.10° 0.40+0.14* 2.47£0.06 1.27+0.06 0.49+0.30°
J-NHED BH R ZJ01 1.28+0.08% 0.91+0.10™ 0.41+0.08° 2.70£0.00° 1.43£0.10" 0.47+0.14°
J-11+HBA A IH T T3 1.52+0.06° 1.09+0.06° 0.48+0.03° 3.93+0.12° 1.60£0.06° 0.59+0.15°
WS/ NG FhEFRR 2Z 5 % (P<0.05),
Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
S LD [N y = > b 9 T T3+J-11
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Y o o =5 7 g
Sy W AT RE b JR% o T3+I-11 8T IRR A B S 4L
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» g -
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T3+J-11 AL BB HA% 4 031 em (1 6), ke
AR AR 11 X R T3 R B R 2t
Sl e . (=]
89.96% . LFRFRMIFEYUR J-11 2240 5 AH 1A 0 L @ | é: & |6
2 4 8 10 12

T3 i B A, HLAM B RCR IA i
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S
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P, TETCHS DU AL BRI 21T, I B SRR e 5 1A
TARINIESL G, YL A7 BB (0 i 5 48 €6 1 7K
BOR/NBEAT, BEE R BEZ WY K, e BE Hp a] U1
ZIE K R 22 A R R R ALAL . B B
2, YR T R A, v R
AR SR ARG, T-11 W S5 HIHE T3
6l R R A SR Y TR AR S, R IR 475
AbAR R BRI E A AK BREE AR, (H R
I PR ZE , EEA 12 K, T3 %R AL B

2d 4d 8d 10d 12d

AN\

T3+J-11

H20 %4 \ ‘ 4 N 5 v"“'
i 4 & 9
5 HEHEJ-UMBFAREHRRER T3HNERLR
Fig. 5 Antibacterial effect of strain J-11 against
C. gloeosporioides T3 on papaya seedling leaves

[ [8] Time/d
HFIR 2R B E (P<0.01),

** indicates extremely significant difference (P<0.01).
E6 HFHWE JI-11FARGEM K
EHE T3 EEE
Fig. 6 Inhibitory activity of strain J-11 against
C. gloeosporioides T3 on papaya seedling leaves

2d 4d 8d 10d 12d

T3

T3+J-11

B7 HAEJ-NESEEANEXFRE T3 8
EBR
Fig. 7 Antibacterial effect of strain J-11 on pathogenic
bacteria T3 on isolated papaya

(908 BE -2 B4R K 15.01 em, T3+J-11 20 B A S5 B
HAEHR 223 em (E 8), it @G H J-11 Xf %
JE T T3 M3 R 5A 84.92%, M J-11 XA
T3 EA7 W S Al VE A .

3 itig

TP 2 Y, LR ZE AT
W& (Bacillus spp.), HJ/E R #0HIAE Y1956 & 19 4=
Bt IR IR, T HEA DB G 7 LA E s 2
FhAAEYI B 3 o UL SENT 2ZE 04T 1 ( B. velezensis )
JEZETRRT R JE I — R, WIAE A SO BT R
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HFIR 2N B E (P<0.01),

** indicates extremely significant difference (P<0.01).
B8 HEHE J-1LMREFEARNRERER T3 K
ME &

Fig. 8 Inhibitory activity of strain J-11 against
C. gloeosporioides T3 in postharvest papaya fruit

i Fhda Wy R L, S KB T ( Botrytis
cinerea ) " IS AHRALE ( Fusarium verticilli-
oides ). JFI4k 715 ( F oxysporum ) " i (F
solani ) " FFEfEE ( Magnaporthe oryzae ) U7,
FHARE (Ralstonia solanacearum) 3, H &
( Penicillium expansum ) ™ K& 4 JTTH (F
graminearum ) Y55 | BRI B B N A ERES KA
YRR, HAEREr s gy by s s,
R Rk, AT ZE AT 1R A 22 Fhois 3 4R
VB i 5 R AT T T 2058, AR B iR K
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S . NN BEAE K RO i, D
SETZE AT B FZB42 7= A BT B AL A R MEAR B
% (difficidin ) FIAFEZR (bacilysin ) %7K 5 2 L
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EIEAHG . BRI, ZFHAT 38 DL R AR
R e TR R, X REMR IR ALEDN
MANIE T, WAk AR MR ST AR R
I8 A W A B T S AR D R A TS () S
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