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Abstract: [Objective] In 2023, it was found in the planting base of sea buckthorn in Chaoyang City, Li-
aoning Province that the fruit of sea buckthorn variety Snowy Yellow showed symptoms of anthrac-
nose, and the incidence rate reached more than 20%. The aim of this study was to identify the patho-
gens causing anthracnose in sea buckthorn fruits, and to screen out the biocontrol bacteria that can effec-
tively inhibit the pathogenic bacteria, in order to provide assistance for prevention and control of an-
thracnose of sea buckthorn. [Methods] Diseased fruits with typical symptoms were collected and the
pathogenic fungi were obtained by tissue isolation method. After single-spore purification in PDA medi-
um, the pathogenicity of the purified strains was verified by the back-joining method according to
Koch's rule. After the strain was cultured on PDA medium for 7 d, the morphology and colour of the col-
onies were observed and recorded, and the morphology of spores and conidial discs were observed un-

der a light microscope after continue culture for 14 d. The slide with conidia was placed into the incuba-

ks B #A - 2024-12-05 £ HEP:2025-03-14
RS TE - pr s A 7 e L [F] 5 A AR B8 10 H (2025AB016) 5 7K R 5 vb T & 25 F rh ot 70 0 d FE 1 7t 4 151 (2024-2g-kj-011,
2019-zg-kj-08)
TEE Y : RFOR, 2, AR 78 A, W07 [ N AE AR B %% . E-mail:2901590224@qq.com
*JB{E1E& Author for correspondence. E-mail : xiabo0522@syau.edu.cn



5510 4 AR, 5 YOIRCR SERIE I i 1 468 5 L LA BT R 7 v 2393

tor at 28 °C for 36 h, and then taken out for observation of adherent spores. The six genes of /TS, CAL,
CHS-1, GAPDH, TUB2 and ACT were amplified by PCR. The PCR amplification was performed under
the following conditions: Initial denaturation at 95 °C for 4 min, followed by 35 cycles of 95 °C for 30 s,
at the 52 °C (ITS, TUB2), 58 °C (CHS-1, ACT), 59 °C (CAL, GAPDH) annealing for 30 s, and 72 °C ex-
tension for 7 min. The sequencing results were compared with the NCBI database, and the phylogenetic
tree of the pathogen was constructed by MEGA 7.0. Beneficial microorganisms were isolated from the
rhizospheric soil of the healthy sea buckthorn fruit trees using the dilution coating method, and antago-
nistic bacteria were screened using the plate standoff method with the anthracnose pathogen of the sea
buckthorn fruit as the target strain. The screened bacterial strains were inoculated on LB plates by line
inoculation, and incubated in an incubator at 28 °C for 24 h to 48 h for observing the morphological
characteristics of single colonies, and the physiological and biochemical characteristics were identified
using physiological and biochemical reagent strips. The molecular identification was performed by PCR
amplification of 16S rDNA and gyrB gene sequences of the strains, and a phylogenetic tree of the bio-
control bacteria was constructed using MEGA 7.0 after comparison with the NCBI database. The inocu-
lation of biocontrol strain into protease, cellulase, f-glucanase and chitinase detection plates was carried
out to detect if the biocontrol strain produces extracellular enzymes by observing the presence or ab-
sence of hyaline rings around the colonies. [Results] The sea buckthorn fruit anthracnose produced pin-
point-sized light brown spots in the middle and lower part of the fruit at the early stage of the disease,
and then the spots gradually expanded into dark brown sunken round or elliptic spots, the size of the
spot was usually about 5 mm, with whorls of small black spots in the center of the spots. A total of 14
representative strains were isolated and purified from sea buckthorn diseased fruits. The strain CY-8,
identified as the causal agent, induced symptoms similar to the initial field observations 5 d post-inocu-
lation. Through morphological observation, the colony was round, the front part of the aerial mycelium
was tomentose, the middle part was grey-green mycelium, the edge mycelium was greyish-white, the
conidium was colourless and transparent, unicellular, ellipsoidal or subellipsoid, the conidium germina-
tion produced brown appressoria in the form of horseshoe, the bristles were dark brown, and the acervu-
lus were ellipsoidal. Combined with molecular identification, it was determined that the pathogen of sea
buckthorn fruit anthracnose was Colletotrichum fructicola. Two strains of biocontrol bacteria, W32 and
W22, with strong antagonistic effects, were obtained through screening, and the plate inhibition rates
against C. fructicola were 66.08% and 54.76%, respectively. The inhibition rates were calculated from
three independent replicates, with standard deviations of £0.60% and +1.19%, respectively. According
to the morphological characteristics, the strain W22 colonies were milky white, flattened, irregular in
morphology, with rough and opaque surface, crumpled, Gram-positive, and rod-shaped. The strain W32
colonies were yellowish and opaque, with untidy edges, moist and slightly elevated surface, with slight-
ly sticky texture, Gram- stained positive, and rod-shaped, and the results of molecular and biological
identification showed that the strain W32 was Bacillus velezensis, the strain W22 was B. subtilis. Both
strains of biocontrol bacteria were able to produce protease and f-glucanase, and neither was able to
produce cellulase or chitinase. [Conclusion] The pathogen causing anthracnose on the sea buckthorn
fruits in Chaoyang City, Liaoning Province, was identified as C. fructicola, and two strains of biocon-
trol bacterial strains, both belonging to the Bacillus spp., were screened out from the soil with good con-
trol effects. It was assumed that the preventive bacterial strains could degrade the cell wall of the patho-
genic bacteria through the production of extracellular enzymes such as protease and f-glucanase, thus

exerting preventive effects. This study would provide a basis for field identification of anthracnose on
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sea buckthorn fruits, and provide new strain resources with application potential for biological control

of the disease.
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Table 1 Genes and primer sequences

I T L2 TE)
Gene Primer name  Primer sequence (5'-3")
ITS ITS1 TCCGTAGGTGAACCTGCGG
1TS4 TCCTCCGCTTATTGATATGC
CAL CL1C GAATTCAAGGAGGCCTTCTC
CL2C CTTCTGCATCATGAGCTGGAC
ACT ACT-512F ATGTGCAAGGCCGGTTTCGC
ACT-783R TACGAGTCCTTCTGGCCCAT
TUB2 Tl AACATGCGTGAGATTGTAAGT
Bt2b ACCCTCAGTGTAGTGACCCTTGGC
CHS-1 CHS-79F TGGGGCAAGGATGCTTGGAAGAAG
CHS-345R TGGAAGAACCATCTGTGAGAGTTG
GAPDH GDF GCCGTCAACGACCCCTTCATTGA
GDR GGGTGGAGTCGTACTTGAGCATGT

PE30s, & FB KIRE FIBK30s,72 °CLEAH145 s,
HEE 3SAMEI ;72 °CLEAH 7 min. 1B KR 55
52.59.58.59.52.58 °C™, &R S 35 LL ddH,O 1R
BB DNA 1) S A RAE NIV B . PCR 24
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IEL B J A TR P ) B AR RBE X B R T A (R 2D, H%
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5 3 N\ EIMEGA 7.0 84, HF TR IE 5 & # &
K AL SR 2 (maximum likelihood , ML) « [ i 1# (boot-
strap) >4 1000, 1 i 2 F SRR H I R AR E
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Table 2 Gene accession numbers of representative strains for multi-gene phylogenetic analysis

PR [ A2 e GenBank 3% %5 GenBank accession number
Colletotrichum species Strain No. TS CAL CHS-1 GAPDH TUB?2 ACT
RARNRAE C. firucticola ICMP18581  JX010165 JX009676 JX009866 JX010033 IX010405 JX009501
BY RIETE C. siamense ICMP18578  JX010171 JX009714 JX009865 1X009924 1X010404 JX009518
HHERIEW C. musae CBS116870  JX010146 JX009742 JX009896 JX010050 JX010413 JX009433
WA R C. asianum ICMP18580  FJ972612 JX009727  JX009867  JX010053  JX010406  JX009584
BRHYGEMFR B C. aeschynomenes  ICMP17673  JX010176 JX009721 JX009799 JX009930 1X010392 JX009483
[ IR AL C. gloeosporioides ICMP17821  JX010152 JX009731 JX009818 JX010056 1X010445 JX009531
RARNILALTE C. fructicola ICMP18120  JX010182 JX009670  JX009844  JX010041 JX010401 JX009436
BB B F B4 C. aenigma ICMP18686  JX010243 JX009684 JX009789 JX009913 JX010390 JX009519
PRI C. tropicale CBS124949  JX010264 JX009719  JX009870  JX010007  JX010407  JX009489
B 2B C. queenslandicum ICMP1778  JX010276 JX009691 JX009899  JX009934  JX010414  JX009447
C. salsolae ICMP19051  JX010242 JX009696  JX009863 JX009916  JX010403 JX009562
AR BIH B C. alatae ICMP17919  JX010190 JX009738 JX009837 JX009990 JX010383 JX009471
MEBURIE A C. horii ICMP12942  GQ329687 JX009603 JX009748  JX010001 JX010375 JX009533
C. xanthorrhoeae ICMP197903  JX010261 JX009653 JX009823 JX009927  JX010448  JX009478
C. aotearoa ICMP18533  JX01097 JX009624  JX009726  JX010026  JX010416  JX009522
C. cordylinicola ICMP18579  JX010226 JX009651 JX009864  JX009975  JX010440  HM470235
C. psidii CBS145.29  JX010219 JX009743 JX009901 JX009967  JX010443 JX009515
RIS T AILE C. kahawae ICMP17811  JX010233 JX009641 JX009817  JX010131 JX010430  JX009555
Cti ICMP5285  JX010267 JX009650  JX009897  JX009910  JX010441 JX009533
C. clidemiae ICMP18706  JX010224 JX009639  JX009777  JX009909  JX010439  JX009476
A AT BRI C. theobromicola CBS124945  JX010294 JX009591 JX009869  JX010006  JX010447  JX009444

5 PDA PR 85 9% 7 d 170 ok SR SI2 5 L 1 BF
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X R KRI) Ee H Fob ASr DU B A, DA DR 42 B 1 1R~ AR A on e
H, A3 RES, BB T 28 CHHIRREF=M T
FE 9% 3~7 d, WS FH I & A BH S 40 B o 1 1R 9 ELAR
HAFEAE R, IR/ %= BB E A K B A4
B P5 AR K LR 6 BB AR K B2 <100

133 AGEAMRUENRRERANE R KiFik
B AR AE LB P B _E R 2R B b, 75 28 °C 5 %4
B 9% 24~48 h, 2 IR (IH ZS 4 T8 %6 52 T 0 A0 i L4
W ARRL T MW E RN EHERES K
ANCBER TR I B RS R R T BRI RS A . X
FEPUBE AT 8 22 IR, FE 50 0 B AL D- K
W LB AFT4 D-H B SR KR AP R & L V-P
SN BR 2 pH 5.7 A2 K VAH R 2R 38 5 K 7% NaCl
A KA I AR AR AR AT DU € o

134 AGHEMKSTEBFLET FKHREIRE2S C,
180 r-min $2 PR 4R35 4577 22 h, >R FH 40 1 3 R 4 AR
T PR SR E A AR 5 DNA. X B8 #k 16S 1D-
NA 1 gyrB % [K 7 31 347 PCR 38, 51 #0437l N

27F:5'-AGAGTTTGATCCTGGCTCAG-3'F1 1492R :
5'-GGTTACCTTGTTACGACTT-3'; gyrBF : 5'-GAA-
GTCATCATGACCGTTCTGCAY GCNGGNGGNA-
ARTTYGA-3'FlgyrBR:5-AGCAGGGTACGGATGT-
GCGAGCCRTCNACRTCNGCRTCNGTCAT- 3’ 7,
PCR ¥ #4A& & (50 uL) : 2 x Tag PCR Master Mix
25 uL,DNA 4% 2 L, b RS 4#% 1 uL,dd H,O
21 pL. PCR ¥ FEF : 95 °CTRAL % 4 min; 98 °CAE
P10 s,54 °CiB K 1 min, 72 °CZEH 2 min, B & 304>
MEFR 572 °CHEH 8 min. FF3 3 =W AT 1%35 A5 b
B HVK BRI B EE A TR A T
FEA PR A F1 7 o o 3 DR 45 3 /E NCBL#E i
BLAST 5 &4 4 B 16S rDNA 1 gyrB 5 51 i 17
EEXE 43 B, 3R A5 AR UPE B 1 R A AE R T
MEGA 7.0 B AE X A BT AR A 2 R 40 K B HEA
13.5 A BHEA&S I EEFWME  RIE LB
A3 77 b I S TR B BUR AR 10 uL 9 il #p 22
T 214 2RI B SR I AT LT o A DU ~T- Al
b () T B JE AR B, 28 °CREFR 3 d T, L VK )
Bl TG 3% B e
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W56 BT 45 204 K F SPSS 26.0 A HE 4T IE S
PERL IR RN 7 RS . SR & 7 Z 0
(one way-ANOVA) HEAT 7 ¢ i & Pt %6, P<<0.05
NREFER.

2 AR5

21 PERRIKERFEENSBREE

2.1.1 RBREGSBREHERIE VPR SIRIE
T 6 F R I AR K 5 AN A1) 301 SR S () o 3 77 A
BRI AB B 55 (B 1-A) , J5 B PR i
R8I ey €04 11T o (53] T2 SRR [53] T2  K /N385 28 5 mm
A RO IR SO B S (B 1-B) . WD
TP I B Atk 15 2] 14 bR B A AR ME R B bR,
Bk CY-8 B AR g BRI SE 5 d J , A th
BUEF R KNI IR M B 55 (B 1-C) , 5 I TR W3 R
JoaRE PR AR ARA , T 0 HE AR DL BH S 5 B (& 1-D) » 2024
M7 H 25 A RS AR SR B R CY-8 20 d e, VD ik
SRS H ILRH 2 1 4 B BE L 1-BD , T B Bl 7K (1)
o 1 B Sz I R R (L 1-F) o AR ] i B 92 0 6 4%
Pl B R RS AT oy B SR, R TR
5P CY-8 — 3, KU B K CY-8 52 51 AL vb ol 2R 5k
TRIELIA 95 J57 B

212 RRAMEFEL WHCY-81EPDA KT
B bR T dJE YR Y, IR A W 2 98BIk,
)R 2 N K S B 22, T 25 22 R A e () 2-
ARG P ARG O AR HE ST L K SR,
At (E2-B). AR tIE A, M, H6E Y
BRI , — a5, 55— o B E B O, K/l
(4.42~6.32) pm x (9.71~14.66) ym (& 2-C), £
TR = A M A, 2 DY (K 2-D), H NI
B, NI BB (B 2-E) , 20 £ 70 7 B DR, D9 A
MAEKESEMT(E2-F). 446(EHELET
MY, B 25 i 5 B Pk CY-8 5 % JH B & (Colletotri-
chum) H# TEAAHL .

213 mBRESFTAEAWF ST LIEKCY-81
DNA N, X% H: ITS.GAPDH . CHS-1.CALTUB2
MIACT 6 ML FEAT 39 )5 M 7, 43 30 i 2 5 7 )
K558 510.230.272.672. 719 F1242 bp. H43k
1510 35 [R] 7 91 32 32 & GenBank #5047 2 31 35158 15 1)
5 4% %) N PP 907782, PP 971647 PP 965707 PP
965705 PP 965703 F1 PP 922179. £ NCBI i 5 /&

D. BF AR KRB, ARSI CY-8 25 20 JUIRF. [
[T KO i

A. Early stage of diseases occurrence; B. Late stage of diseases occur-

rence; C. Symptoms on the 5th day of inoculation with strain CY-8 in vi-
tro; D. Inoculation with clear water in vitro control; E. Symptoms in
field fruit inoculated with strain CY-8 at 20th day; F. Field inoculation

in water control.
B 1 WRER SEARE R 18] & R AE R FAT ik FCSE U 38 E
Fig.1 Field symptoms of sea-buckthorn anthracnose and

verification of Koch's rule

AT BLAST LA, BA C. horii ANEE, 3T fe K ALK
(ML) Xt CY-8 1 I MEGA 7.0 4 8 £ 3L [ R Gt K
B CE 3, R ILHE R CY-8 LL96% 1 B A5 5 Col-
letotrichum fructicola WIF HN BEAE— 3 . BB TERY:
FFAE , F 53 B A3 B 1) CY-8 93 Jit B 4 e v SR AE ) 25 7
B (C. fructicola) .

22 PERRLRERERERMNIFEREE
221 AGEAKGFR NI ER g3t E
27 MR A HEDUE - BRI R o R 20 B S DL R
FSP RO I VA AE 28 °CHE TR 5 d, 347 3 IREL &, LA
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A,B. EFk CY-8 7F PDA “VH b 7 d JBRIB & IE A ;C. 204981 D. &8 E. KIS F. B rat. HElR=20 um.
A, B. Front and reverse sides of strain CY-8 colony on PDA plate for 7 days; C. Conidia; D. Appressoria; E. Bristle; F. Acervulus. Bar=20 pum.
B2 Bk CY-8 FIFLASHHE
Fig.2 Morphological characteristics of strain CY-8

CY-8

06| | S

41 C. ti ICMP: 5285

100

WA RIFATE C. fructicola ICMP: 18581
AR C. fructicola ICMP: 18120
FRERIAE C. musae CBS: 116870
FEAB A7 C. aenigma ICMP: 18686
BRI C. siamense ICMP: 18578
PRI S8 C. aeschynomenes ICMP: 17673
71 Pl B C. tropicale CBS: 124949

WM BIE T C. asianum ICMP: 18580
— BRI C. queenslandicum ICMP: 1778
C. salsolae ICMP: 19051
Jz 3 S8 C. gloeosporioides ICMP: 17821
BRI B C. alatae ICMP: 17919
68 C. xanthorrhoeae ICMP: 17903

Al B BRI # C. theobromicola CBS: 124945

C. Aotearoa ICMP: 18533
C. cordylinicola ICMP: 18579
48 C. psidii CBS: 145.29

—
0.005

5 LRI E C. kahawae ICMP: 17811

70 C. clidemiae ICMP: 18706
WA B RIEL I C. horii ICMP: 12942

&3 £F CAL. CHS-1. GAPDH. ITS-TUB2FACTE R FHBESHBENRZL B

Fig. 3

PRAN T R =50% AT brite . B Imas REW, UH
PR PR W32 W22 35 A2 i 146 2 F » XD IR SR JEL I
TEPURBCR BT, I 70 504 66.08% 1 54.76% (]
4),

Phylogenetic tree constructed based on CAL, CHS-1, GAPDH, ITS, TUB2 and ACT gene sequences

222 AGEMKMAEFEZRAZANKIE TF
LB [ #5575 5 B RIZR I 1~2 d 5 , B Ak W22 18 7%
LA, o, A AR, 3R TR RS AN B, A 4
g, 24 R R PEE , B AR EATIR ; B AR W32 B R 7
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A, XHHEZL B, Bk W22;C. Btk W32,
A. CK; B. Strain W22; C. Strain W32.
B4 ERIESDERR S RIE R IR & R HHIER

Fig. 4 Inhibition effect of biocontrol strains on C. fructicola

OB, D GAEETT, R R, 5
R RGO L, AR 2 AIRCEI5) . ik
W22 Rl ¥k W32 A2 AR AR AIE L3R 3, 745 A A o
ZF FELRT R AN DL ST 2 A AT 1R A 2B B AR AL AR AIE

w22 W32

.(' 2 wd " *o0iim ’ 20 um
5 ERFRERIRSHHE
Fig.5 Morphological characteristics of biocontrol
bacteria
223 AGEKGSTEMFER PHNFE

B 1 ¥k W22 AT W32 1) 16S rDNA 3 [K K & 73 il N
1420 F111431 bp, ¥4 3K 13 B EE K 5 4152 52 4% GenBank
A B IE 3G 7 515 73 3 PP911599 . PP 911600
T30 15 21 B bk W22 51 W32 1) gyrB 3 K 5 4y
SN 1189 111187 bp. £ GenBank i 5 [ [A] Y 43 #r
Jei s T RORE AL R B s 1) AH O B AR T 1 9 AL R 168
DNA 2GR AW (K 6) Ml gyrB 24 K & W (H

®3 2 MEMRAVERE RN
Table 3 Physiological and biochemical characteristics

of two strains

PRI H Test item w22 W32

V-P ) B V-P reaction + +

FriEg 5 Citrate + +

TAT& ; Propionate -

D-AHk D-xylose

L-Fi$7 A #E L-Arabinose +

D-H #E# D-mannitol -

HA e Wi Ak Gelatin liquefaction

7% Nacl 44 7% NaCl growth +

pH 5.7 £ K pH 5.7 growth - -

Tig 1% ££14 )i Nitrate reduction

VA 7K iR Amylohydrolysis + +
TR AR - A

Note: + indicated that the result was positive; — indicated that the result

+ o+ o+ o+

was negative.

o GREW], Wk W22 5 Bacillus subtilis 1) % A>
CL 0 AR 7 81 3R I 9 — NS 53 3¢, R WY B vk W22
J& b B2 FRE B (B, subtilis) + W ¥k W32 5 Bacil-
lus velezensis 1) 2 A~ O HI B MR T 51 SR N — ANk A7
gy 3, 2 B bk W32 8 T D13k B 3 8 A 1 (B
velezensis) o

224 AGEMKRSRIEEEENZ  UH E AR
- SR T RS U S 5 et B P (T 8D, A
W22 W32 3K 2 A T4 b 2 56 7 B g A -7 2R
B , (LS AN RE P 2T AE SR L T o

3o i@

WRAEIF AT — PR SEI 5, ™ BRI 1
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Wi 55 S AT B Bacillus subtilis PP231033.1

Hh B LERUFF B Bacillus subtilis KR061433.1

W22

TS 2R AT 18 Bacillus velezensis MT611666.1

W32

VLSRR 2 HUAF I Bacillus velezensis NR116240.1

FRVERD ZEAHF T Bacillus amyloliquefaciens NR116022.1

e

AR E T B Bacillus atrophicus NR024689.1
oA ZE AT B Bacillus licheniformis HE993550.1

i A 2 fUFF 18 Bacillus proteolyticus OR431952.1
TR MAGINIR 2 fUAT 18 Alicyclobacillus acidocaldarius AJ496806.1

6 “FFEHREY 16S rDNA FHI RS 4 B

Fig. 6 16S rDNA sequence phylogenetic tree of biocontrol strains

DUSERR 2R AT T4 Bacillus velezensis PP516186.1

[0 [ e
DUSERT 2EF0AT B Bacillus velezensis PP489218.1

W32

FARVERY ZE FAF B8 Bacillus amyloliquefaciens DQ309294.1

— FET- LEFEHT 1 Bacillus vallismortis DQ309298.1

WL ZFHFF I Bacillus subtilis MT119761.1
w22

100 [
881 b 5 00 1 Bacillus subrilis MW286209.1
K/INEHUAF B Bacillus pumilus MF579610.1

Z A2 ZE AT B Paenibacillus polymyxa AB464839.1

FLERIE % B0 B Pseudomonas lactis LR214525.1

—
0.020
10
100
94
100 100
—
0.10
7
Fig. 7

YO P AN T . AR IR I N B R EAT 4
UK SE B E 1 51 L 7 5 P b DX b ol R SR JH T
(1099 Ji TR )9 SR AR R F TR (C. fructicola) , J& T %%
'] (Ascomycota) £ I . | ] (Pezizomycotina) ¥ 5%
P4 44 (Sordariomycetes) A 4 B H (Hypocreales) Hi £
ft1J& (Colletotrichum) W H. 16 « 12w R & £) 2,
)72 AIINIESR S rb R L BT AR G 2 A 22 A
IR SRS, TR BACT SR SR R, {HAE VD iR
FRSE bR R ARIE S AR A A B R R G
W, e R IR B AR 38 800 B, 72 I 6 ANl 25
7 D I R G it e i 3 R SE . Yan PV E IR

EHERE gyrB FHIRG LB R

gyrB sequence phylogenetic tree of biocontrol strains

TRIE T EH AR ) 2 T 5 R AR I R TR JK
I I 30%.

BRI GT R » A7 B DA RIB B AN
T, 0 A T R Y A A AL A2 ) 5
AT 250, N TR s R ME T, 7 AR TR AR 275 et
XPIRERIE T R . AR 2GR BA A B 2 A2 B
SR 22 1 578, BRI 1) 58 45 0 A2 W 97 428 5 e o 97 9
RS B R . RN R BT
ST B, A AR AR R AR, B
AR AR ThREFNPLIN B8 JJEe5m ™. I 28 T b v
PRI AR OV A A OGRS . 1R 07 S50 7
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Protease

BE PN

Cellulase

BT A

f-glucanase

JUT ik

Chitinase

8 2 HRERTEKRINEETE AL

Fig. 8 Detection of extracellular enzyme activity produced by two biocontrol strains

ST, FRVER T AAT B HX 0037 B R X 4 i ISR R IH
T TR 250 AN TRIRE FEE (0300 BT 28R KT 1 0 JEL 3 T4 11
B AR AR U 5 AT IR 57.59% 0 2R 21 FT MM AR
B 38 o o B AT 21—k DU T 2F AT 1L X R
JH R R 22 A A R IE B 71.5% , Lo i 1 bR AL 2
R 2 JEL A B 22 Y BRI MR L RS LR, T
RFBRAR, I HE R 2 Wb B-1, 3- 1 SR HE B . R A
[[ENAR S N 20 P IWN 4 cE B iR 8 TO | (ar

D TR s L 398 v 75 308 A= 977 B e, a0 7 1410 1) 2R
A A B A e AR R R I B PR 43l 2 W32 R
W22, #5253 3l h 66.08%F11 54.76% . 445 IR
HFE A2 3 AR AL RFAE 2 16S rDNA . gyrB 2[R R 4t
KA MM B B bk W32 % 58 S UL SE B 28 90 A
(B. velezensis) , T Tk W22 % 7€ 4 kil ¥ 2F 16 4 14 (B.
subtili) -

ZEFOAT BRI P A — L B B R A )



2402 3 i

4

{: Ha24

J R PR PUIE AT RN A i 4 7= A B IR RS9
JUR 2 TH i 1 2R (surfactin) « 7k B2 18 2 Giturin) « =F 7
# (fengycin) , A AR IRAT ™ A (1) 41 B 2= A4 i
RE [ RGP 20 40 T A B B A AR B 14
PUIE 1, Ak B T 2N = TR 2R B A AR ) L T A
TR, A HRLEE B i i T DA PR i 45 A 22 R 2R 1
FEWY), i) B AT R A 22 AR K, FRAS 8 B
% 1 E R, B 98 S5 5 B A0 R T B ) B T
JIT e I 7 128 4 B (1 A R 2 B 4 T W32 A W22
REf% ™ A B 1 g AN BT SR B I, (AN R P A 4R 4E 3R
BN LT il . A= By B 7 AR ) i AR - R M I
2 E B M A B fR I, Be e 1509 5 R A0 I B 1) B
JOT < ] SR X A B L A RS 0 A A KA S A8 i B
W22 IS HTEAS , B M B IR ES » A #0 i) 9s J5
IR K, RIEABIER. EHME TR
A B B R A Bl R BRSSO TR N AT R IR T R
PRALH , — 2 2 R4 TR 2 1) 22 53 7] g 5 B 1t 7K -
AHIG, B 5 AR AR T AR = ) Cndi A= 2= T
REEMIOA K. =38 Z AN AR R 2 7k
7 BAE W RS 26 A T 22 22 40 B S5 R4 7 I e A
i,

WAE N — Ml RS 5L M E MR R &
B AE AR L7 T H R T ERR A 52 SRR 2 Hh
DXHR TV TP, F T R T ALV IR R F i 5 55
AL S FE RV . B A B = RS
AN AT R, v R SR S5 5 1) 4 €6 57 428 X Vb =
M Frs R HA T EENE X £ B
Fu, AT LAk ST R AR B e 1) 1 ) S RS, DAk B
PR B R 2R A H IR R B AW A BT k5 R, DU
VDR S Sk B P PR AR SR
4 4

EFAEARB T B IR T KA AERABH D Bl
iR VD TR S TEL I 9 T B A SR AR AR (C. frue-
ticola) , F£- NN 16 VD WIER SR JEL 9 i 126 Hh 2 #k
o RCAE 7 B Pk S O DSR2 4B B (Bacillus
velezensis) R 5L ZE f A 18 (Bacillus subtilis) . i
SRR W A 30, 3 2 kAR 7 40 B A e aE R AR B
il 1 B-7] SR W i 1% S P A Bl R HE A= B A
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