TRAESGA IR Mar. 20, 2024, 51(3): 832-845
Microbiology China DOI: 10.13344/j.microbiol.china.230671
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

SFTAFFE hjte BIEE. EKFHERETINAE
R RSES
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1 BT FE AL, Y075 &M 341413

2 EEFARFERE, TLPE EM 341000
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H OE: [ 3] B4 @458 (Cladosporium tenuissimum) 3 | A2 49 & & & & % 650 b 3F F 14 4 —FF
AAMARE, FFEREXRZFME. [B 6] 0N KRERE LA P B4 E M H AR hjto #HAT
Kd . ARFEFTHZE TN, HARRNRERGEDG SREAF TR, [ZE]1 B3 EF.
A 32 A AL . 16S rRNA AR A 5] 4= gyrB A B M| 5 247 5T # 4k hjto #4752, @34 K&k, 2
Ji. pH Fedt & B 5T B AR hjt6 69 £ KM, KA @ L5 IZ AR E ok, @il
FRAER. HERFBARREDZES N A OSSR ERA G SR, [4£R] Bk hje 52
A M E B FF0AFH; A 10-50 °CAF 354 K, 30 °CAHREA KIBE, £ pH5.0-9.0 if 3954 K, pH
7.0 B A KREF, £ 0-10% NaClRA T HaeAEK; B hjto & AR B A ¥ A —TA2HE 8
R VE R, 378 Fh 57.38%—82.18%; /& -F M _E Xt &K E @ 6947 ) 68 ) A <+, I H FE H 71.53%,
EEREERAERADLRE 77.31%, BARREDIEG X FHE 92.63%. [4£]1 B# hjto T4
INRFEREEABIFORERER, THEARRKERB QB TR,
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Identification and growth characterization of Bacillus sp. hjt6
with antagonistic effects on Cladosporium tenuissimum causing
gray mold disease of bottle gourd

HU Jiangtao', LIU Qi', ZHOU Ying’, SONG Qian', HE Xiaolu', GUO Chongyan',
ZOU Zhihua®, MEI Wenyu', XIONG Chunhui”', ZHANG Jingyan"'

1 Ganzhou Vegetable and Flower Research Institute, Ganzhou 341413, Jiangxi, China
2 Gannan Academy of Sciences, Ganzhou 341000, Jiangxi, China
3 Ganzhou Polytechnic, Ganzhou 341000, Jiangxi, China

Abstract: [Background] The gray mold disease caused by Cladosporium tenuissimum is a
common fungal disease infecting protected bottle gourd, often resulting in serious economic
losses. [Objective] To identify strain hjt6 with antagonistic activity against the gray mold
disease of bottle gourd and evaluate the growth characteristics and antifungal activity of the
strain, so as to provide microbial resources for the biocontrol of the gray mold disease of bottle
gourd. [Methods] Strain hjt6 was identified based on morphological, physiological, and
biochemical characteristics and 16S rRNA gene and gyrB gene sequences. The growth curve of
the strain was established, and the temperature, pH, and salt tolerance was examined. The
broad-spectrum antagonistic effect of this strain was evaluated by the mycelial inhibition assay.
Plate confrontation, co-culture, and detached fruit re-inoculation were conducted to assess the
disease control efficacy of strain hjt6 against C. tenuissimum. [Results] Strain hjt6 was
identified as Bacillus velezensis. It grew within a temperature range of 10 °C to 50 °C, with an
optimal growth temperature of 30 °C. It could grow within the range of pH 5.0-9.0, with pH 7.0
being the most suitable. The strain tolerated 0% to 10% NaCl. Strain hjt6 exhibited inhibitory
activities against eight crop pathogens, with the inhibition rates ranging from 57.38% to
82.18%. It showed an inhibitory ability of “++++” and an inhibition rate of 71.53% against
C. tenuissimum on plates. The co-culture results showed that the strain hjt6 reduced the mycelial
mass of C. tenuissimum by 77.31%, and achieved the control efficacy of 92.63% on the
detached fruits inoculated with the pathogen. [Conclusion] Strain hjt6 demonstrates promising
antagonistic effects against the gray mold disease of bottle gourd and could serve as a valuable
microbial resource for the biocontrol of this disease.

Keywords: Bacillus velezensis; identification; growth characteristics; bottle gourd; gray mold
disease; antagonistic effects

#lUK[Lagenaria siceraria (Molina) Standl.]
J2& % 7 #l (Cucurbitaceae) #i /' J& (Lagenaria Ser.)
() — AR ARG R, B AR, H
PR e T, WRER AT O, R TR R
Bz —. K% (Botrytis cinerea) 32 (1

JREERRAE SN AR 28, e e e i Wk
PR F A% 41 4% 7 (Cladosporium tenuissimum) 5 | i
FIBIUTIK B 995 o FH 410 K %0 s S5 RE AR YL i ¢
BRI R 2564 % 1000 ZFRPpRAEY, JE—Fi Y
TR B T A HE 44 58 i B IR
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I R EAE D AR B B 2 B B CR 5 R . 32
LB LI B0n FE LA, 5 RE KR
H R T KR 995 1 97 6 DARE BE DA e . T8 25 R
e e R i35 1| S SN (EP X A= F I [ IUPN
A AT 2 M BB L R AR A A
A RIS A A ), R BRI B A A T
FREL R, ol —FhE k. A BB IG R it
BRIV AT

AR A ) 7 6 S A o 5 907 4 s )
FREZ—, AT RS AR P
RE 775 S R a5 PR Uiz T o Dl g
17 ZE F AT 1% (Bacillus velezensis)fE S — Fh A= B 41
ORI A BRI P e A2 0O, 2019 4
A PR TERAT T —H 48—k DS 2F
FOAF T SHAEA B N ) W R BIE R,
T B. velezensis Bv-6 & 4k n % M3 351 %3
B. cinerea 5| i K B 1 AE B8RP 2022 4F
MR LT AT KB B. velezensis SMO05S X4k iz
A1 S 78 2% JH 14 (Colletotrichum  gloeosporioides)
(4 Bl A0 TR ok F Akl 2023 4F Li A B
B. velezensis Ba-0321 X 4 HE AR Ji 5 B (Fusarium
oxysporum) i B G RR A E] 81.0%!''; 2023 4
HE %P B, velezensis FIAT-55034 % i
%4 3 ¥ T (Botryosphaeria dothidea) 5| i i 24 42
BURH LB AR A 66.0%", X BEHFFTIE R
T UL ZE AT O 2 A R B BRI A
Bt Ty, S —MISTERIL B A B 2, X Hi—
AR 2 R 2L A B Ak, B H T
HAREMA B. velezensis H T Bi 45 5N K 25k
a1 C. tenuissimum FIF 5| 2 (4 7 990 5 R 41GE
Jibh, RERVEYIFAEICE R, ISR
PR AR 2 S AR, A B TR R B S
SARSERYI G, 828k B AR RO
M SCRATRE SR, B DLk — 20 e
P 5 1) A B T R B R S S

AWFFE 5 7 W — R 2FFRFT I8 hjte AP
B oA KR, 50 12 oA Ak X ST K 85 9 T
C. tenuissimum 2 ) 2 S E AR B S E AT IR A
WE5E, DA ST B0 i A= P B T S AR o TR
FhgE i

1 MER5r%

1.1 #s

PR BOW R AR 4EAHE(C. tenuissimum)Jy
B A DG EL O 2 RO A S BR A vl i R ik
BREGIR FER I BIUTUR S s TRk hjte 4325 H SIUR
HHe 4398 5 2 H B3 B (Fusarium proliferatum) |
74575 I3 ¢ 1 (Botryosphaeria dothidea) . #8425
1 i (Curvularia plantarum) #1 i & Kz 4k 78
(Fusarium solani) i1 V1. P4 4% b K 2% 35 42 5 2 i
S BN ;WA 4 6 (Botrytis cinerea) i g 5t
Ay R 2 SR R AR L I S 00 2 FY 5 BRARUE B A
(Phytophthora capsici) . 474k /] 1 &% R & {b 7Y
(Fusarium oxysporum f. sp. cucumerinum)17ii&
71 (Fusarium solani f. sp. cucurbitae)y # [F
PNy KA HEFIIFFEBE M) £ 7 8

gtk (g/L): LB B/ IASE IR L R
FII% 10.0, BEEREKY 5.0, NaCl5.0, % pH {H
x 7.2, oA, KE&SHORIKE A B
#1); PDA Bigedk. D442 200.0, REWE 18.0,
BilEH 15.0 (PDB ¥i5= AR MBI KY), K%
s KRRt A 16.0, #Wukk 8.0, £
KUEHR 3.0, BEREE 0.5, BRERE A1 0.1, B
AN 0.2, BLBREE 0.5, BUERER 0.1, BRIRES 0.3,
FAfksh 0.5,

F BT ALAR : AP IEN 4] DNA $#2HUK
Ma, LR aRAEYM TEARAA., t¥E
8%, Olympus /A F]; PCR L. HLUKALFIEENR
BUGAL, BREE HrAL s ey A BR A w5 BEFRAY
FERCHIRBH A F] .
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1.2 E#HEE
1.2.1 FEERFENE

7E LB [EASE IR BRI AR HIh AR
Pk hjte, 25 °CH5I% 72 h, MEEEEIK . Hi
o RN ZIY S G
1.2.2 B EFE

Za CEAME RS %E TN P (A
RS E TN ) MBI I AR hijte dEAT AR
A AL RE
1.23 SFEYNFELEE

16S rRNA J& K 791 4 7 - PRE 2tk f5 i 5
5 E LB AR SR, 25°C, 180 r/min K
7% 24 ho R AN E LK 41 DNA HBGR 5] £ $2H
PRI LI ZH DNA L SRATAHE 16S rRNA J A5
FH5191 27F (5-AGAGTTTGATCMTGGCTCAG-3')
F1 1492R (5'-GGTACCTTGTTACGACTT-3")%f
R #R hjte 1T 16S rRNA KL[H ¥ 51 PCR 3™
40T S IE RS 14 UP (5'-GAAGTCATCATGAC
CGTTCTGCAY GCNGGNGGNAARTTYGA-3")F
F 5% UP2r (5'-AGCAGGGTACGGATGTGC
GAGCCRTCNACRTCNACRTCNGCRTCNGTC
AT-3")%F gyrB J: K347 PCR #4519 514541
2R TAE) TR (i) e A IR /b AT 6
JEXF PCR 38 Wy it A 77, 16S rRNA K[
F1 gyrB [ £ 4117 NCBI GenBank 3 )5/ ik
FFEE X438 R MEGA X k4 w0 4B 3
(neighbor-joining, N)IEHHE R T K T .
1.3  BE#k hjt6 BUEKEFHENE
1.3.1 £ KNz

W FRLTR 7K hjto HeFh 2 R EREFREL, 30 °C,
180 r/min }5 5% 24 h /15 KWL, 100 mL LB #5
TR P HEFP 1% hjte K EER , F 30 °C 180 r/min
Bi3% 43515 0-12 h &F% 2 h.24-36 h 6% 2 h,
48—78 h Bif@ 6 h, LLIZ 96, 102 A1 120 h BUEE,
K HHBEFR SN E 600 nm W IERE(E, A MbRE 3 1K
HE

1.3.2 REXE#K hjt6 £ KIS
TE 100 mL LB 3532 H#5F 1%01) hjte &
W, BT 10, 20, 30. 40 il 50 °CHEIGIEIK
H, 180 r/min £53% 24 h J5EHURE, MI%E 600 nm
ARG REE, BRI 3 IR .
1.3.3 ZEHEXEHK hjt6 EKHIF M

7E 100 mL LB X555 P 4EFh 1% hjt6 &
FE, 2 BIIA 0., 0.1%. 0.5%. 1%. 2%. 5%.
8%F1 10%) NaCl, F 30 °C. 180 r/min 5%
24 h JFBURE, DIE 600 nm &b i S BE A
AREFR 3 REE
1.3.4 pH STEFk hjt6 EKBIF M

FIH HC1 fil NaOH ¥ LB ¥:#£ W19 pH (A
Ay JE%EEE] 1.0, 3.0, 5.0, 7.0, 9.0 1 11.0,
AT 1%M9 hjte KW, T 30 °C. 180 r/min 3%
3% 24 h JFBCEE, I5E 600 nm Ab AR % B (E
FAKEIE 3 REH
1.4 BE#K hjte B9 iE N E

BB T 4 °CHP K BHL% 5 7 (Phytophthor a
capsici). JZ i (Fusarium proliferatum) . K
%5 7 (Botrytis cinerea) . R4k J] 1 5 KL 1L
I (Fusarium oxysporum f. sp. cucumerinumy) . i
Y7 9k 7] (Fusarium solani f. sp. cucurbitae)., #j
7 45 J¥5 14 (Botryosphaeria dothidea) . F  25 71 14
(Curvularia plantarum) i 5z 448 B (Fusarium
solani)ix 8 Fi Jil ELR 7 PDA Pl I 25 °Citt
Ak, TR R K B — e R 5 FC I 4T
LA BT SN AL ST AT A ELAR N 8 mm (1) [
TE T, K R B 22 B 12 2 5% PDA - (1)
Gy, R L B PR 22 B A ] B B A 19 26 A or
BARPER 20 uL E AR hjte KW, FTFAIES
AP 20 uL TCEKAE XTI, 25 °CR53% 7 d )5
FE R (DT DT
T 2 (%)= (0F REAL T V& A2 — 4 3 21 TR 7% 1L
2)/O6F B4 TR 95 BLAR TR DF LA )% 100 (1)
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1.5 ¥k hjte EFrEE DHIIEMN
1.5.1 ¥} Cladosporium tenuissmum B 4R35HT

BHEIET 4 °CUKFIHAYHR)EE C. tenuissimum
16 PDA “V-#z b 4T 25 °Cififk, 7 d 5 R HAT
FLESUTRIVE AN AL T B EAR R 8 mm () [
TR, 5 8 22 YU B8 1Y) PDA ~FAR Ly
7 L ] el P 1 22 Bk ) IR 5 Ak 1) 2 A o7 B 45 4
il — R A B AT, 45 [RRE P TR 22 e i 22 05 — A8
1) PDA Py, FEAAEN B B4R 20 pL
TCRIKAE RN IE, 25 °CHEFE 7 d JEiD 5 Hi
FINRT), R A i B 7 0 B AR B T 7
OHELIEE, r AR ER R B 3 K
H R 2 PSRRI BUSOR , — R
TR BB /NSRS B 3R I R B AR R
5-10 mm, “++’F/RHMEE EHZEHR 10-15 mm,
IR B EAS N 15-20 mm, “+H++"FoN
IR EA2>20 mm; 5 — PRI NS .
1.5.2 % Cladosporium tenuissmum E 4 K&
=pp=Aln

¥ BB VR hjto BeRh &k R 3R 3L 30 °C
180 r/min X577 24 h. ¥ 4 P HF 8 mm MY K%
W B M 2 50 mL PDB Bigfdbdh, PR
1% (B FO B P 3 AT RE hjte K )
(1.0x10* CFU/mL), 30 °C. 180 r/min 535 2 d,
Ll PDB B55RIAEAXTE . 5557 2 d J& 8 000 r/min
B0 1 min, o BV, WERZKRE, 81
WhBE 3 ANER
153 MR RERIRZERH

RIS 7-10 d B sIURER S, 70%78
KRBT, JCRAKIEYE 3 Ik, FITCIR/INTTE
AR R YITF—12 3 mmx5 mm KNI
[T, FHR hjte KB (1.0x10° CFU/mL) 2 i1
20 min J5 BRI, P9 5220 8 mm 1K BN
HEPHE T 0 F, 26 °CHiFF 24 h 5 S5
M EAR, DAEIRE K& W WO 05 1 kb

FRAE M BHEXT AR, L PDA B3 BEAbFRAE A B
XTHR BB 4 SRS, BN 3 IREXR
I 28 (Yo)=[ (0T HE S BAE 171 FH &b PR B 1701 AR ) /%
HEARLBE [ F]= 100 (2)
B 1 Fl=n(d/2)’ (3)
K d AR EETHME,
1.6 HESHITSHH

% F Microsoft Excel 2021 il DPS7.05 47
BAE S #1481, R GraphPad Prism 7 44,
R E 22 5 & Pl DPS7.05 #AFE T XS
B W 22 A

2 EREGHN

2.1 E#khjte HEELER
211 FERSYFE

PR B hjto 76 LB ARG 23 FEE 3R 7 d AR
EW, IO, AR, TBRAHNE 1A,
1B), JFAEREA MER 45 & A, B T W
W EMREEAR, B8], 2
FHER(E 10),
2.1.2 Htk hjte £IHEHVLEFER

PPE hjte &= [ BH M, H JELL v FH
PE, V-P RN B, EERER A IR S N FHE, W]
DARIFHRERE . A0 . SRR 200, RRefl
FfrEIREY, RE/KMRIER , AREKMRIRES, 76
5% NaCl 254 F Al LA (R 1), X eeA Ak
FRIE S 2R B 8 R E—3, RS EHEE
LSS ZE AT A A B AR AR AR — 35>,
2.1.3 EFk hjte H FENFLELER

P hjt6 FE PRI ZH DNA AR , il i 16S rRNA
FLA gyrB BEK R AN IS 1S 3 2 BovA,
Wkas B R KNk 1 .000—1 500 bp, 5
HPrEEAARFF (& 2); ¥ H F14% NCBI, 153
GenBank #5543 f OR264129 F1 OR327565,
T 16S rRNA F1 gyrB £ [H 7518 if MEGA X

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HILE F | FEMTE hjte WEE. ERFERANIINASHRE

BIFEIAIR 837

1 BE#k hjt6 7£ LB FAR EMEMBE THESE

Figure 1
Morphological characteristics under microscope.

B ERGEREW, SRERX 2 BJPIlS
D1k ZE f A1 1 (Bacil lus velezensis) SR 25— 7
(¥ 3, &l 4); NCBI 8 28 Ho X 285 51 iR 4331 5
B. velezensis FI1: 15 100% (& 555 . OP358487)
H199.65% (&35 . MN553593), HFk hjito ZE
DM FHEY)# % E N B. velezensis,
2.2 E#K hjte EKIFHENELER
2.2.1 EFk hjte BUSE K%

Big% 0-2 h, BAR hjto A FAERIRZEY, Ak

F1 EHkhjte FIBEHLETEER

Table 1 Physiological and biochemical identification
of strain hjt6

Ab 7 2zt
Treatment Results
2% YL Gram staining +
HIL 21 )2 il Methyl red reaction +

V-P )i/ V-P reaction -

fil i £R 48 J&L Nitrate utilization +
PR Eh I Citrate utilization -
TEREA A Sucrose utilization +

HIZI MR A Glucose utilization +
HBEF A Fructose utilization +

72 ZF B A ] Maltose utilization +
JEH K fiE Starch hydrolysis +

JUR Tt 7K f#% [ W Urease hydrolysis reaction -

5% NaCl +

+r PHYE; - BT

+: Positive; — Negative.

;&? “\:_ﬂ' y \‘\}? 5
PUVRIS A

i Rl <
\% el - '..}‘;_‘_ n /
PPN i e U
> foew g (]
! & -:,f%“.n ﬂr# ;
% ’:‘ LS o el ' J ‘

FWE A PHIERE. B: IEHFS. C: BRUES
Morphological observation of strain hjt6 on the LB plate. A: Plate front. B: Frontal close-up. C:

2185 2-60 h, WMRARKIFARBOGIHIE, ALK
W, 7E 60 h B}, AR F T, ODgoo 4 1.299 8
(Kl 5); 60-72 h, WkRAKIFATEL, ZHE
BHAPET BRI R s 72 h 5, HHITES
EAGEIR W, (HAKSR BEAE— 22 B 1] B PN R 45 AH
X FE

A

bp Marker hjt6 CK B bp Marker hjt6

400
300

200
100

2 H#k hjt6 A 16S rRNA EE F5(A)F gyrB
EEF5EKE(@®B) Marker: DNA /TS
kA CK: BT A

Figure 2 16S rRNA gene sequence (A) and gyrB

gene sequence electrophoresis (B) map of strain hjt6.
CK: Negative control.
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9 Bacillus clarus (MH918154)

~ 1M AR AN A AT A A AA AN

’UP ' Bacillus albus MCCC 1A02146 (NR157729)
8

I94 Bacillus vallismortis NBRC 101236 (NR113994)
6 LBarcillus vallismortis DSM 11031 (NR024696)
31 Bacillus subtilis JICM 1465 (NR113265)
Bacillus subtilis ATCC 6633 (AB018486)

P
0.01

3 B hjte £T 16S rRNA EEFFIMENARZLERN 5 TIPS HIZE GenBank % 5%
Ty ARR0.01 FIRFAM A s 73 3 ERECT SR, T RERIZ O SCAE Y T SR
Figure 3 Phylogenetic tree based on the 16S rRNA gene sequence of strain hjt6. The serial number in

brackets is the GenBank accession number of the strain; The value of 0.01 shows the sequence deviation
value; The number of internal nodes is support value, which represents the reliability of the branch structure.

92 92, Bacillus atrophaeus BCRC 17530 (DQ309302)
83 Bacillus atrophaeus BCRC 17123 (DQ309296)

Y3 rDaCllluS cereus UA4 (IVIN4Y 1UL4)

|
0 | Bacillus cereus GP7 (MK491032)

4 ETEHK hjto B9 gyrB BERFIIENRZLEN 505 NIZE R GenBank 8535 ; b5
RO0.1 ZRIPIMmZEE s 70 30 m Ry R Se i, TR LA i T S e

Figure 4 Phylogenetic tree based on the gyrB gene sequence of strain hjt6. The serial number in brackets is
the GenBank accession number of the strain; The value of 0.1 shows the sequence deviation value; The
number of internal nodes is support value, which represents the reliability of the branch structure.
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2.2.2 GEEXETE hjte £ KM MLER
PR hjt6 76 10-50 °CHIREA= K, 30 °CHi} A=
K EEf R, ODgoo N 0.520 9 (K 6).
2.2.3 fHELME

NaCl #¥ A 0—-10%HF, FAR hjte Y HEH
U A B TE—EVEEN, BPE hjte £ K
TR R S I R TS K, NaCl it
1%F, ODgoo 4 0.519 1, A= B fe bl H 5 5%

1.4}
1.2}
1.0}

Q% 08}

C o6}
0.4}
02}

0 10 20 30 40 50 60 70 80 90 100110120
HiFRmL [a]
Cultural time (h)

5 [E¥k hjte B4 K%k

Figure 5 Growth curve of strain hjt6.

0.6
I a
&
05F
L b
041 s
- I c
Q 03t = d
S T
0.2 e
I
0.1+
B0 10 20 30 40 50
T
Temperature (°C)
6 REIE hjte KM AR/NE

FRERIRTE P<0.05 /K- EAAL BN 22 5 B 2. T[]
Figure 6 Effect of temperature on the growth of
strain hjt6. The data in the same column followed
by the different lowercase letters designed
significantly different (P<0.05). The same below.

IR EZES; MimaEld 1%, mikdEK
R 2 AR (A 7).
2.2.4 pH XE#E hjte EKF ML R

pH 5.0-9.0 B}, BRIk hjto e K, Hi,
pH 7.0 B, K HE P, ODgo N 0.487 6,
pH<5.0 (& pH>9.0 A F| F % #k 19 4 K
(% 8).
2.3 Btk hjte I iLH i

PIPE hjte X 8 Pl It L 0 35 1A B Ay il
TSR (E 9), WiHIZF N 57.38%82.18%., Hrh

0.8r
0.7r
0.6r 2
051 be
0.4 d ”
03¢

02r
i
0:0 00 01 05 1.0 20 50 80 10.0

AN

NaCl concentration (%)

ODG(!(}

7 NaCl X E#k hjte £ KHE M
Figure 7 Effect of NaCl on the growth of the
strain hjt6.

067
0.5¢ T b

0} T 1

03}
S

02r

0.1r
C ¢ C
0.0
' 1.0 3.0 5.0 7.0 9.0 11.0
pH

8 pH XEHE hjt6 & KA
Figure 8 Effect of pH value on the growth of the
strain hjt6.
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X W A % AL TR (B, cinerea) il i ROCR fe i 0 B3
fo T HAE R EL T, 3R IE 82.18%; Hikh
W25 H1 (C. plantarum), #I7HI2H 79.68%
(& 91,
2.4 Bk hjte £FTEENIFMEER
2.4.1 [E#E hjt6 xJ Cladosporium tenuissimum
R TERIGIE R

R hjte BEFT AN C. tenuissimum [H %2
RO K (K 10A, 10B), T2 C. tenuissimum B
2224, H3% C. tenuissimum 7= A= (6% | 22758
B I R E AT (B 10C-10F). 25 °C
iR 7 d SRR /NR 22 mm, TIEEBETT N
“htt+7, XF C. tenuissimum FYAIHR Ky 71.53%
(% 2).
2.4.2 TE#E hjt6 ¥t Cladosporium tenuissimum
HLEKENFMMER

Fi#k hjte BE W EHNH] C. tenuissimum B %2

9 EFE hjte 3T A EHEREEREAIHINHIE A
Figure 9

HK (K 11A. 11B), FFE hjte 5 C. tenuissimum
IR RAL PR 226550 0.49 g, Xof HEZH PR 22 fif 7
4 2.16 g, B hjte AT DL E k> C. tenuissimum
W22 77.31%0E K& 110),
2.4.3 EFE hjte IR R EBHRAEERHE
AR hjte X SIUT K B 5 B A — & 30 4L
Ho 26 °CHE:FN 24 h J5, FIMEXTBOER, JoWE
SR & A (B 12A); BHPEXTHE AR 100%,
B AR N 5.67 cm (K] 12B); AbFRLH K%
2 16.67%, B HAZEN 1.3 em (K 120),
AR hito XFSIURR & B0 5 92.63% (35 3).

3 WwE5E&#

FURT, ZFAEATE AT 2T W . o &
ZF AT TR MR 0 28 AT T A S — 2 LR Bl A
wHESAER Tz, BN RA R

100

e
he

Inhibition rate (%)
R -
[=] o fan] o
a
(4]
@ H

Inhibition effects of strain hjt6 on different fungi. A: Phytophthora capsici. B: Fusarium

proliferatum. C: Botrytis cinerea. D: Fusarium oxysporum f. sp. cucumerinum. E: Fusarium solani f. sp.
cucurbitae. F: Botryosphaeria dothidea. G: Curvularia plantarum. H: Fusarium solani. I: Statistical results.
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& 10

¥5#1 Cladosporium tenuissimum E£4#x[E A, C. D: 4#¥4. B, E. F: XJHEZ

Figure 10 Antigonistic activity to Cladosporium tenuissimum. A, C, D: Treatment group. B, E, F: Control

group.

PUSRE SRR, HA RN RAER T, I
FLERAS 2T B 2 B0 0 A AR 2 B A MR
DU 2 JAT i A o o i — 0 32, ARk
Xt AR B W5 AR v i o 2 ALY TR AR I 2
S AT T — T BT R A R SR, A
JEUEE FANAL e TR bR R T AR A A HA: A B

% 2 #5471 Cladosporium tenuissimum 43 #fr
Table 2  Analysis of strain hjt6 antagonized
Cladosporium tenuissimum

b C. tenuissimum  hjt6+
Treatment C. tenuissimum
HiZ 5.27+0.18a 1.50+0.15b
Diameter (cm)

RS - 71.53
Inhibition rate (%)

i1 - 22.00+1.00
Bacteriostatic zone R-r

(mm)

MERE S - -

Bacteriostatic ability
s IR EAE>20 mm; - o

++++: The size of bacteriostatic zoned ranged>20 mm in

diameter; —: No data.

ZIEARRTE X, REMARH SN oFZH
SRAL S E LR, 16S IRNA JE[R FF 81 0 M ft fe
LS ERAR, Qe g 3 SV F R
16S rRNA JEPHJFH 53 Hr e T B. velezensis
FIAT-55034 F B. velezensis 41, {HE/H T[)&
Z A R JRPEAR 7, 16S rRNA JE K 551 04 A
FIBETCHRE HEIWT, JEAEE gyrA JEAL gyrB
R B S i) —Fh R U S BRI,
FAF 2R AT 8 i Al 2 e U, ansie v e 2 2
454 16S rRNA FEH 751 53 Hr Fil gyr B 5L K51
TR B. velezensis ZF-10 #H4T T 55, XHEMY
SR TCREN N AT 5 . AFFELE A TR AR R BUAFAE |
Az B AR ERAE & 16S rRNA JE[K ¥ 51 Al gyrB 3
L5 A3 A PR b 7 AP 50 TARERY AT SE1E, IF
Wt DLy % R hjte Sk B. velezensis.
ARG H, B. velezensis hjt6 7£ 10-50 °C
(BB IR E 30 °C). pH 5.0-9.0 (& pH 7.0).
0—-10% NaCl ¢ i (& NaCl e 1%) 3155 4/
REEK, X HEEEEIEH P T
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11 & #k hjt6 X} Cladosporium tenuissimum & 224 & £ B 20
giit
Figure 11

C: Statistical results. **: P<0.01.

H %k

285
a
e ==
@ 20r
=
g
&_:;( § .5
RS
Hae 10F
g b
= 05¢ [%‘
0.0

C. tenuissimum B. velezensis+C. tenuissimum
JLBLl

Treatment

A Ab¥ERZH. B: XFHR4. C. 450

Effect of strain hjt6 on mycelial growth of Cladosporium tenuissimum. A: Treatment. B: Control.

3 mi

& 12 BEFk hjte MMM KBHFHLEEFR A: PHPEXTHE. B: BHMEXTER. €. 4b¥E4

Figure 12 Control efficacy of strain hjt6 against bottle gourd gray mold disease in greenhouse. A: Negative

control. B: Positive control. C: Treatment group.

B. velezensis 1) 5 1 ik & il pH M MF SR 45 SR — 2,
HZEH LRI B. velezensis FIAT-55034 7£
10 °CH} JLE A A K il 220 iR B. velezensis
LFO1 A= K die = il R 37 °C, i B. velezensis
hjt6 7€ 10-50 °CY¥yREEK s SIoME a5 rid
i) B. velezensis FIAT-55034 7E NaCl ¥ &4 10%
I LEAAE K, 1 B. velezensis hjt6 7E[RIFES AT
AR RE B, HH B. velezensis hjt6 X FREE 1 i
ZRESI R . NPT MREZBFFE T UL
B, R ZH0AE B TR it T B A RO A AR 2
ME 224K BIE IR EBE, W B. velezensis

w2481 B. velezensis 41*1fil B. velezensis
FJAT-550342143 51 %) K 4% #: % [Sclerotinia
sclerotiorum (Lid.) de Bary]. 5 i 2% (Aspergillus
flavus) Fl 4 %5 J4 Ji 1 (Botryosphaeria dothidea)
() 22 5 B S AR S O D TR T 24
2 WPE TR, WA WA,
XL ARG AL K
B. velezensis hjt6 5% 5 C. tenuissimum ~F-#i
XFIREIR, BEHIEL C. tenuissimum P A (4 3%, TR 22
A, R A K o R A, R
S S I b T — AN A FREE AT 3L
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&3 B hjte NN RERBIVEEFTY
Table 3  Control efficacy of strain hjt6 against gray
mold disease on bottle gourd

b3 RS JRBEERR PR
Treatment Incidence Diameter  Control
(%) (cm) efficacy (%)
BH 1 X 1 - 0 -
Negative control
BH 2 X 1R 100 5.67£0.67a —
Positive control
pOBEIE ] 16.67 1.30£1.25b 92.63

Treatment group

TP BUE P EER R, [FPEER G A R/NG 7 iR
7~ Duncan [CBT 2 25K R AE P<0.05 K F-25 55 B35 ;-
T

The values in the table represent meantstandard error.

Different lowercase letters after the same column of data
indicate significantly different at P<(0.05 by Duncan’s; —:
No data.

LR A6, PR AL, IR T R I
S5 AP F DUSEHT 2F AT 1 GDND-2 X4l
M 70 & (Fusarium  oxysporum) 71 8 %& 1 Bf 5%
ZH], GDND-2 %} F. oxysporum ffi 11 & HA
IHRAVEN, (BRHB5E R Y] GDND-2 [F] i Af LA
i F. oxysporum =4, %45 5 ARG &I
B. velezensis hjt6 £33 3505 it 11 I 381 7 FL A7
225, XA R o it T % AR 7 TR PR 1 7 93
IO AN (] 5 | A 1 22 S it 2 At R 3R 3y 25 5%
W E— W5, [AEE B. velezensis hjt6 X
C. tenuissimum 4345 961 5 & (0400 il 80C2R B A
FHAL AL 5 i — B R R . AR E R E 7
B. velezensis hjt6 X} B. cinerea % 8 FJ i EL
BABIF R ENEIURCR, F AR w kA
JUIsGUE, X 2R R B B WEIER, R
B SIS R 2B — 3, B
X Z A E ELE A C. tenuissimum 51 A EIUK
TRRE 975 1 52 o R FH RS 75 1 — 25 19 H ) 3 56
LhaTioee

25 [firik, B. velezensis hjt6 & — P dEH H.

A B I T RE, X R C. tenuissimum 5 2 1)
UK E0 HA BB R RCrk . AREZH
YEYIIR H b R EEAE . N — DR 1 Bl L2
B. velezensis hjt6 Xf C. tenuissimum i 4= B AL il
0 [ FH A TR A 5T
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