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Screening and identification of a biocontrol strain against bacterial fruit

blotch of watermelon and optimization of its culture medium

WANG Xueyan, MA Huan, YUE Dandan, ZHANG Zhilong, LI Guanjie, ZHANG Yingtao

(Institute of Biology Co., Ltd., Henan Academy of Sciences, Zhengzhou 450008, Henan, China)

Abstract: In order to discover a biocontrol bacteria that has antagonistic effect on bacterial fruit blotch of watermelon, the
soil from a watermelon field was used to isolate and screen with a combination method of primary screening and secondary
screening. A strain HP-24 with strong inhibitory effect on the disease was obtained. The control effect of strain HP-24 on
bacterial fruit blotch was tested by pot experiment. The strain was identified as Bacillus velezensis based on morphology,
physiology, biochemistry and molecular biology. The culture medium was optimized by single factor test and orthogonal
experiment. The results showed that the HP-24 strain had the strongest inhibitory effect on bacterial fruit blotch, and the
diameter of the inhibition zone was 2.40 cm. The results of pot experiments showed that, the control effect of HP-24 strain
on bacterial fruit blotch was 76.72%. The optimum culture medium compositions for HP-24 were beef extract 1.0%, bran
1.3%, potassium chloride 0.7%. The number of viable bacterium reached 1.17x10” CFU-mL"' under the optimum medium
condition. The strain should be useful for the biological control of bacterial fruit blotch of watermelon.
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R E I A A LA 8424, Bl H b 3
TFEREHAIRA R . NB #7758 : &AM 100 g,
FE 3.0 g,NaCl 5.0 g, Z& 1% /K 1000 mL, pH 1
73;NA KR B Ak 10.0 g, 2 WHE 3.0 g, NaCl
5.0 g, Z5187K 1000 mL, B fi§ 18.0 g, pH {& 7.3; KB
Fige sk B E R 20.0 g, Bl 10 mL, K.HPOLL.5 g,
MgSO0,7 mL,H,O 1.5 g, 55/lii 18.0 g, 17K 1000 mL,
pH 1H 7.2,
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YN 27F: 57 - AGAGTTTGATCCTGGCTCAG-3" ;
1492R:5-GGTTACCTTGTTACGACTT-3",PCR
WA 2N 25.0 uL, 45 ddH,O 18.0 L, 10xbuffer
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2.5 uL, dNTP 1.0 pL, IE [3] A1 1) 5] 99 %% 1.0 pL,
TR DNA 1.0 uL, Tug DNA %4 0.5 uL. PCR X
R 2 A1 9 95 °C 4 min, 95 °C 1 min, 52 °C 30 s,
72 °C 2 min, 30 MfE# ;72 °C 10 min. PCR 3357~
YIEE 1% B A W vt P FL A I 5 7 ) &5 SR
GenBank (4} 2 11317 BLAST AHAUVELLRS

RGN B M RIE D7 3R A3 1 16S tRNA 1 5
F¥ 42 BLAST [A]Y& EL XS 5, AN GenBank H 35 B[]
PSS = AR AR I A R 1 2, [ 2 4R AH 4T A
J& H AR R 16S rRNA FE 51, 1§ il MEGA 6 %4
TR K B E.
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HP-24 $ Ff 2] 100 mL NB ¥ & 5% 77 % 7, 30 °C
180 r-min" 7% 24 h, K T 4 °C 10 000 r- min’'
B0 20 min, LA N 0.22 pm 40 3 i JE 2% it
VB LIE W 19 B T0 T R T . A5 R AT 5 B VR
KB “FAR b TE R T FLAS 4T AL, i) FL Y I\ 5 1R K
T VRN TG B R BT %% 50 uL M2 BSOS 3 B Ak, T
30 °CH4 57 48 h, FF/MALF 3 RE S, LB R .
12,6 ARREKEKBERGIHA RS B HEk HP-24
FEM 2] 100 mL NB #4377 71,30 °C 180 r-min’
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%o FEERIFW R A KB AR - E W4T FLAR T
FL 5 40 5 1) L IO AS TR R B R T R
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PR

127 REgiAeri BENTI: T 250 mL
SAMTECE 100 mL B, P EAMK 1.0 g &
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1 pHE N 7.3, AT 2 mL,30 °C 180 r - min’'
B 9% 24 h, AN 3 RE S, MR S 1 B0 E A
BRI . TC B A R B P RiIR 1 7 2, Hoh B
1.0 g SN 0.5 g, Bl N E AR A 58 1) e FE BRI
Ji 0 N 0.3%40.5%+0.7%-0.9%F1 1.1%, 1
I pH Ay 7.3, HM RN 2% ,30 °C 180 r- min™ 5
F7 24 h, AL B 3 IRE S, Gk s BB E A
TERIFASE -

BIEHIPAL : T 250 mL =AM E 100 mL
BEgR gk, b BN 0.3 g ALY 0.5 g, 23 il 1 B
AR RER B R RERY L IR 2 BRI
B N EIR, BIRIII RN 1.0 g, 1 pH H N
7.3, AR T 2 mL,30 °C 180 r- min" 5555 24 h,
FEANKCHE 3 IR, AR 5 B SO o AR R . i

B B 775, Kb 4 WE 0.3 g &b
B4 0.5 g, BN AR AHT 2 I B R, TR 4L
43N 0.6%0.8% 1.0% 1.2%F1 1.4% , I 17 pH
M 7.3, BME N 2%,30 °C 180 r-min" 5577 24 h,
A 3 RER, GG E I e &

THEHEMAL: T 250 mL =AM E
100 mL #7728, 42 E 03 g EEAR 1.0 g, &>
)3 A B A R R B L B IR A L B R
A HERTHLE:, THLER R INER 0.5 g, 1T
pH {4 7.3, 8 NFl -7 2 mL,30 °C 180 r-min" 5%
7% 24 h, BN AEER 3 CE ., AR I B A0 8 A
THLERFN . FEE AR T Sh s 774k, K
FRE 0.3 g EAN 1.0 g, THLEC S AL E M
BAETALE, &2 50 5N 0.3%10.5%+0.7%
0.9% 1 1.1% , 1A 15 pH 5 A 7.3, LM EHN 2%,
30 °C 180 r-min $53% 24 h, B M bBE 3 R EE , 5
T B O & T L ER IR B

TEAZ IR 5 < AR 5 IR 3R A 45 3, o e B R
B &k S AN A AR Dy e T 4% 57 6 1) B D 2T
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1 EHIEEXD

R ERGS T B EL A em RS T 1 EL A2 /em
HP-10 1.85+0.06 ¢ BP-15 1.65+0.04 de
HP-24 2.40+0.05 a BP-21 1.73+0.06 cd
HP-33 0.80£0.06 h BP-24 1.25+0.06 g
HP-43 1.43+0.03 f BP-28 0.70+0.03 i
BP-2 1.68+0.08 d hp-3 1.28+0.05 g
BP-8 1.45+0.05 f hp-6 1.58+0.08 e
BP-11 1.23+0.03 g hp-10 1.80+0.03 cd
BP-12 2.03£0.04 b hp-15 1.25+0.05 g

1 R ESIA /NS FREFORAEBEIE 0.05 K PZ2REEE . THE.
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MEE EAER 240 em(B D. BE& T HAE
PR H 40 18 P B4R

B 1 E#k HP-24 X LR 7R R E A E B
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AR IR 45 B (R 2R, H Ak HP-24 Xt 7t /I
o T PR SR B B A B B R R . AR R 4 R
PERBER R RE G 7 d, 0 AR m SR BN
62.03, 1M & £k HP-24 kb3 [ 7 I 7 1% 38 50N
14.44, 5% REZHAHEL , K 2R BRI T 73.01%,
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F2 Bk HP-24 X7 A E M4 R PEHRIBR AR

HP-24

23 EBERETE

Wil 2 fros , HP-24 T PR I B 7% 2 A, T (3
T, R KA R, A IE W, 7E BB TS 2 AT
AR PEEA, ZE N R . 825 IR g BH 1, 2B 3
A AR Sy B A 8 B B KO BH S S R K
BE P O AR i S S B 1 S HE R TR B B 1, VP R
6 S L BRI, A R 5 R F R BE A

E 2 Bk HP-24 BiERS
# HP-24 [1] 16S rRNA J¥ %1l it BLAST % f4
AT AR P B A, 30 B[R] YR A R 2 25 TR P 16S
rRNA 751, il ik MEGAG6 A4 #4) 4 & 4t it A 4 o
Wtk HP-24 N ZF AT T 8, B 55 UL 28 AT 18
(Bacillus velezensis) 352 200 (K 3).
24 FESTEABGHIIERRMNE
AN TR (/) R T 0T T ot e P 41 ) 25 SR dn [T 4 ol
7 B R R R AR T R A A AR T

Bacillus velezensis strain CBMB205  (NR 116240.1)

‘Bacillus amyloliquefaciens strain NBRC 15535 (NR 041455.1)

‘Bacillus subtilis subsp. subtilis strain 168 (NR 102783.2)

‘Bacillus nakamurai strain NRRL B-41091 (NR 151897.1)

Bacillus inaquosorum strain BGSC 3A28 (NR 104873.1)

Bacillus swezeyi strain NRRL B-41294 (NR 157608.1)

[~ Bacillus licheniformis strain DSM 13 (NR 118996.1)

Bacillus sonorensis strain NBRC 101234  (NR 113993.1)

A e . UREEE
fb 3 CAEiE e
% %
HP-24 B 2333 b 14.44 b 76.72
X HEZH 86.44 a 62.03 a
52
100
85
P
0.002

3 IRiE HP-24 E 1k 16S rRNA FHIHMEN RS 4 B #H ik
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B R ME— GRS , AN [ P () %k B2 of B Ak A K 1) 5
M. P 8 W LLAE H, 7E BRI BEVE LN, A Ek
(1) 50 2 3 BN 1.2% ), KRR S AR & = T
FUAth R Bz < B, 1R P i v B B B 20 AN T B ke
A REROE BN 1.2% %K B -

263 ALmEEegm LA gs R w9 fr
TN TN ER R G AR B R R T AP A T K
B, 5 TEHLER A S EN B R — A0 AH LL s B
R RE, WRELH R ELHE. B 108G
S A — T AL AR B, AN IR 2 1 A %o 1 ok
KRR SEAH IR E S ECN 0.7%, Bk
R R AU 2 T AR SR ) BOdE
ToHLER N 0.7%) G AL .

30 0 @

25:—1— : {_

BV H/(x10' FU-mL™)
“w oS o
L3

) L |
& & ® &
& &

9 AREZHEMEHREKNENW
50 r
40

30

20

10 -

B EH/(x10" FU-mL ™)

0.3 0.5 0.7 0.9 1.1
wCEALED /%

B 10 SUHREEREK T

264 EZRIBLER RIS RE RIS RiLHER
BRI B S TR S Xof S A PR v B ) o i
B GG B TE MLt 4% DR 3R 42 AN (R P AT 1281
(R 4, 1 3 IR 3 KT IR Lt s 7R L K
FE ) AF B ARG IR R

MR AR 25 R L 3 R R (B AT B>
A>COR 5), PRI, s R IRV 2 2 D 1 IR R
HRUCNER BRI TR EIRE > SAENRIL . J9tfiRE %
PR 2 0 1k 6 45 SR HR B2 W, o TE A2 iR 56 BEAT 7 22 0y
Bro SGERUWIR 6 Piow . 25 E ok B I B X % I
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B TEE S0 8 2, SR B B TR B AN
o WRHEIE RIS 45 AT I a e B TR AR A
A3B3C2,EIZFAIE 1.0%, k5% 1.3%, ZAET 0.7%.

T4 LD EXIKEEZKT

K —

A FAE % B %k /% C S /%
1 0.8 1.1 0.6
2 0.9 12 0.7

1.0 1.3 0.8

£S5 EXRBEHER

REERS AFWE BEY CHELH HIEH/(x10°CFU-mL")
1 1 1 1 475¢
2 1 2 3 5.68d
3 1 3 2 8.18b
4 2 1 3 5.90d
5 2 2 2 725¢
6 2 3 1 730¢
7 3 1 2 7.58¢
8 3 2 1 723 ¢
9 3 3 3 9.63a
K1 18.61 1823 19.28
K2 20.45 20.16  23.01
K3 24.44 2511 2121
R 5.83 6.88 3.73

KL FRKEFE 1A AR 45 A K2 RoR &K
B8 2 AN KRG B 45 B K3 FoREE I 3 AMKCE %R0
45 R R Rl o

#6 EXRWERFTESN

T H TR HE ¥ F P
e 448.028 1 448.028 4 456.017 0.000%*
ATAE 5.922 2 2.961 29.448  0.033*
B &k 8.396 2 4.198 41751 0.023*
C S 2.320 2 1.160 11536 0.080
k7 0.201 2 0.101

1:R2=0.988: *FIRAE 0.05 ACT-EEAR IS #*FORTE 0.01 7KK fa
EHK
26,5 ERIBLREIE HEFEARNTAE
1.0% EkRZ 1.3% SALE 0.7%0) ,7F 30 °C 180 r'min' 5%
5, 1597 24 h JE B V& 208 1.17x10° CFU-mL™.

3 W4

PR A P I R, BEE M e is e K
BB VA K UG 55 ) AL 7 2R A BT IR BORAEAR
b9 S B A R R 3 B R, H AT
VF2 A a R N R = AR IE
111 AE D AR B v B ke A P A2 AL ) A A R T AR A
i IR ol R, B BRI R HE .
WA ST REIAR Bt A= P Bl e e s 5 ) AR AR
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2208 EMMEE QR A TR A, YR E (Manns 1905) emend. , A. cattleyae (Pavarino, 1911) comb.

AT IR R R B AR BB . b DR
AT AR 2 AT B B — S, 5 R B2 AT
TR AT ARE N 2 AT BRSR R R BT, H A A L

I 2 HUAT B BT YR TR A 280 AR AL A, 22908 R

B0 VIR 205 55 22 R 0 5 IO, BRI,

R LA T UL H 25 AT 17 9 4 B 1k SR B A 4

T o A0 7376 20— Ao 70 JTCA By 44 SR BR300 B

HA AR TR VUSR8 AT 1 HP-24, 920 B R

U B EIB G SRt 1B AN TR S AT I Y

B AL — A EL R AR - & DU A B B A T

W5 2 558 IR S 6] S A R ghue T

G0, RO AT FU R AR R 2 AT R BI-10 )

ToTR KRR FE 5 3% 5 R i TR B A SRR 0975 25

VIREIEH] 87.5%. 1 46 WF 70 R B UL 3 1 28 FAT o

HP-24 11770 1 A IRV 200 T 2 2R B3 9 IR il A 41

YEF, Bk HP-24 Fr= A= BOF0 BRI 47053 m] B i Py A s

P AN AR B 50 DR B 2 R IEAT 7 R AN A ] Y

S, W2 SO JE B AR 7 AR R R H

PREHRHILE A fRE— P 7
2B GO IRF 8 R Rk AU Tk 21 7Y

JR40 Bk R TR B 35 0 T AR D13 B A AR AT

HP-24. 2 B0 PG T B 2R R 9 s Jid v ) 440 e el

FLARFIEF] 2.40 em, BRI RCN 76.72%, W {E 9T

TG T A D95 R AR P 91736 TR Pk o 2 %o 2 B TR Pk

HP-24 {5 IR B AT AL , 79 30 B PR B A0 1 TR 2R 4.

BT 1.0% EkE 1.3% FALE 0.7%, AL IS 11

[R R HP-24 $5 77 58 4 T (5 3 4 e R IR 1) v

R HCR, N R WVEB B Tl A A iRt 7 2%
25 LRIk, DSR2 AT i HP-24 72576 14K

200 A A SRR TR A AR ORI 1, RT RA E

RPORHIB IR TR AL AR BT . [RII, A B TR AR 1Y

A A A B TR R 5 ST R AR T HOR SCH¥

S 3k

[1]  BRAEE, FMETE, T %7, 45 . 02 AN B Pk 52505 08 I 1] %
SE [T]. AL 22441, 2001, 31 (4) : 357-364.

[2] SCHAAD N W,SOWELL G J,GOTH R W, et al. Psendomonas
psendoalcaligenes subsp citrulli subsp nov.[J]. International
Journal of Systematic Bacteriology,1978,28(1):117-125.

[3] WILLEMS A, GOOR M, THIELEMANS S, et al. Transfer of
several phtyopath of genic pseudomonas species to Acidororax
as Acidororax avenae subsp. avenae subsp. nov. , Acidororax
avenae subsp. citrulli, Acidororax avenae subsp. cattleyae and
Acidororax konjaci[J] . International Journal of Systematic
Bacteriology, 1992,42(1):107-119.

[4] SCHAAD N W,POSTNIKOVA E,SECHLER A, et al . Reclassi-

fication of subspecies of Acidovorax avenae as A. avenae

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

nov. , A. citrulli(Schaad et al. , 1978) comb. nov., and proposal
of A. oryzae sp. nov. [J]. Systematic and Applied Microbiology ,
2008,31(6/8):434-446.

SHIRAKAWA T, KIKUCHI S, KATO T, et al. Occurrence of
watermelon bacterial fruit blotch in Japan[J]. Japanese Journal
of Phytopathology,2000,66(3) :223-231.

HOLEVAM C;KARAFLACD ,GLYNOS PEetal.4cidovorax av-
enae subsp. citrulli newly reported to cause bacterial fruit blotch
of watermelon in Greece[J].Plant Pathology,2010,59(4):797.
R AR, R FEEE A L TG TN e SR B S A B
16S tDNA [FFI53HT[J]. B 7R P44 ,2016,47(10):1698-1703.
RANE K K, LATIN R X. Bacterial fruit blotch of watermelon:
association of the pathogen with seed[J]. Plant Disease, 1992, 76
(5):509-512.

B, GRS A S, A5 VG T 1 SR O TR A L
ZREPTIA I R[] ARTTHEE 2020(3) :49-50.

BT, OREL, Tl A5 NS B DR B OB S [T]. R
FE3E,2017,30(11) : 1-5.

SRR WSRO AN B 1 SRR R A e i B ia 0] AR
TR, 2017(5):263-264.

T, W 0, SR 55 TS R SIS A 3 D 4 1 U AL
e R[] RS, 2014,27(3) :5-9.

FESSEHAIE A, WALCOTT R R. Biological control to protect
watermelon blossoms and seed from infection by Acidovorax
avenae subsp. citrulli[J]. Phytopathology, 2005, 95 (4) :
413-419.

WANG X D, LI G Q,JIANG D H, et al. Screening of plant
epiphytic yeasts for biocontrol of bacterial fruit blotch(4cidovorax
avenae subsp. citrulli) of Hami melon[J]. Biological Control,
2009,50(2):164-171.

U7, 200, BRIEZE 45 . 6 MRS UL R T 105 2 U B 1 R BT 0
FoK FRIT 2] Pl 51, 2019(12) : 19-24.

FEIR . B v e s T 7 4 L IR 7 0 I B T 11 97 0 S FL A
B HLERAHE 7T [D]. TR ol K 2, 2009

PSR WO, W b 5 ZE AT BI-6 f 4 E KRR
T SR B ROBITR (] A M4, 2020,60(5) :982-991 .
RI5ER, B UD T H WA R G4 E T IHM]. AL B2 R
#:,2001.

FEREYN . AR IE B ARLEAR N 2 F 57 76 B R HS 73 4 [J] . B
THHE,2020,38(3):85-86.

CHENNIAPPAN C, NARAYANASAMY M, DANIEL G M, et
al . Biocontrol efficiency of native plant growth promoting
rhizobacteria against rhizome rot disease of turmeric[J]. Biological
Control,2019,129:55-64.

w3 AR, ARG, A5 PG JTORS S0 185 B0 B PR 1) 077k 15 248
FEI]. HE R, 2021,34(1):19-23.

B . 5 MR B0 2 A0 A a0 B /R T E (0] w5 ARl
2012(4):66-67.

A, 2, 2R L S5 ORI R A B A R [ i
55 S E TR D] AT A, 2021,37(5) : 1137-1142.
B ki BT 2o, A B AR SRR RS T DR T 28 AT B
Hsg1949 %5E 5B5R00]. EAIB A 4%,2021,37(4):761-770.
RSO IRARHT, PV L 55 . DUSR T 2 AT T 0 SR B A0 3 10
T RCRBF T[] TR »2020,50(5) :15-20.

T f, 20, BI04 2 MOAF R ARl v A DL B S BRI 5L
HER[T]. T EAEYIBT iR 4%, 2018, 34(4) :639-648.

WO, U IS 55 PR BI-10 1 %5E S A
EVESBRAE D] AL s B 24 2020,35(2) 1 1-5.

« 15 -



