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Abstract: [Background] Endophytic bacteria of medicinal plants can produce the same or
similar compounds as host plants and new secondary metabolites, which can promote the
growth of the host, resist diseases and insect pests, and degrade toxic and harmful compounds.
[Objective] To further improve the biocontrol efficiency of apple Valsa canker, and enrich the
resource pool of antagonistic strains of endophytic bacteria from medicinal plants in Xinjiang.
[Methods] The pathogens of apple Valsa canker were isolated and identified from the branches
with disease spots of the apple plants in the wild apple forests of Xinyuan County (Yili area)
and Emin County (Tacheng area) in Xinjiang. The endophytic bacteria of medicinal plants,
which had the ability against the pathogen of apple canker, were screened by plate confrontation
method. [Results] A total of 234 strains of pathogenic fungi were isolated from Xinyuan county
and Emin county, including 25 strains of Valsa malicola and 2 strains of V. mali. In addition, 92
strains of endophytic bacteria with antifungal effect were screened out, among which 70 strains
were from Glycyrrhiza uralensis. [Conclusion] The medicinal plant G. wuralensis is rich in
microbial resources against apple Valsa canker. This study is of great significance for the
biocontrol of apple Valsa canker in Xinjiang wild apple forests and the development and
utilization of endophytic bacteria in medicinal plants.
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1.1 #8
1.1.1 H&

JEE 9o o AR AS F2 SR BT SR AL U B
S RPN Suf 2 i L B 2R
112 #HidEk

ZIHIRIIBIER(ST BR) . BRRMIFL(36 HR)F
HE 83 M N AEAN LT 176 #R AR E £
SRR E VR (Valsa malicola, Vme2)¥s i [E #)
2 e B e A A5 M A 5 P AR i A B2 T AR R
U5 5 LR AR T RE T A PSR o 3P R T o i
W Valsa mali (Vm)F1 Valsa malicola (Vmel)H 4

S B R
1.1.3 EFEMEERT. X

ARSI SR B R 5738 PDA 1 ISP2 #5 5%
FEPN S i 494 A0 I R 2 (K 4 DNA $2EG
&, A RFREREARAE; 1Y, A TA
Y TR B A BR A F] 5 2xTag PCR Master
Mix #1 50 bp DNA Ladder, b5 KM A4 fLRq;
AIRAFE . EETES, R HRSOLARA
Al EIREESRAE, iR 2SN
Al A BRAF s PCR AT KL, Bio-Rad
ol BB AR T R G, WA A ],
1.2 75k
121 #H#EPRESLE

BT P AL YRS B SRLMRORI E nk e L
bk, SRR WAYE R SR R, H]
FeBTBY 12 10-15 cm B/NEAHF R SLG %, 4 C
A 1
122 BERBEEREENSSE. dS5RE

REAK 45, FElBE TAE & TP U BUE fse
B )G 5 mmx5 mm A4 A K1)
IR HA I 75% PRI EE 1 min, #E HC
RKEEGE 3 G B ERSUFIY PDA (3% Sk ff e
J54h 100 pL/mLYREFR 58 b, B FakdE 5
LT 25 CHiFR. WA IE K H G PGl 2
W2z, AT R A AL AR Al 5 3R A0 2 B bk
PAF7EIRE PDA RHf E, BUEFE 4 CIUKFAH
it fr 5 .
123 RIEEFESWE

W B Ak R BR RN T PDA AR |,
BT 25 CHEEEFR, WMEIIC %5 B bR T
HILA . B, TSR,
124 BERRBREENS FEMFEE

FHERFEFA DNA $REGR a3 Bt fbin
JREE R DNA . FISERE R 3 s L AL R 5 [ xd
VF/VR il # % {k & 5] ¥ X} VmF/VmR |
VmcF/VmcR Hl VpF/VpR #Ef 783 PCR™, 514
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JPHIWEZR 1. PCR RAKRFRQ2S pl): Hfk DNA
(50 ng/uL) 1 uL, 2xT7ag PCR Master Mix
12.5 pL, F. F#HESI#A0 pmol/L)4 1 uL,
ddH,O #h & 25 pL. 5 —% ¥ 3519 X H
VF/VR, PCR R %5fF: 94 ‘C 4 min; 94 C
30s, 64.7 °C 30s, 72 C 40s, 40 MEH;
72 °C 10 min, ¥ 37 Y] 2.5% IR WHEBEIK L
VKA, PRICA e 5 2500 19 PCR 4738 ™ 1
KA AP R RBAR o 55 AT 4 i L
VmF/VmR . VmcF/VmcR #1 VpF/VpR “m5|4¥)
Xfo VmF/VmR 5 [#%F ) PCR K 5&4%F: 94 °C
4 min; 94 °C 30's, 643 ‘C 30s, 72 C 40 s,
34 MEH; 72 °C 10 min, VmcF/VmcR
VpF/VpR 5| ¥ %} ) PCR JZ i &4 : 94 C
4 min; 94 C 30s, 553 C 30 s, 72 C 40 s,
34 MEH; 72 °C 10 min, PCR ¥ 34 H1H
2.5%3 RE W BaE JE FRL UK ARG, AR Il T 8 e AR
POREEIEIE e T o AR 25 1R 3 X6 1 4 Ak
JFTE ) DNA, LA ITSI/ITS4 A5 45t k4T PCR
Poyh PR R A T AW TR ()BT
BRLZS W) R AT 00 PP AP 4 A 3, KR A5 1Y 47
#2323 GenBank #(¥& %E, #id BLASTn JF1T7E
RLEXT, S8 a1 B e S T B W 20 B

%£1 PCRI|¥ER

Table 1 The primers information

519 51 K
2R Primer sequence (5'—3") Product
Primer length (bp)
name

VF GTTGCCTCGGCGCTGGCT 380

VR GCGAGGGTTTTACTACTGC

VmF GAGTACTCCCTCCCGCTCCG 350

VmR  TTAATTAAGGGGCGGCCTCA

VmcF  GAGTACTCCACCTGGGAGAA 300
VmcR  ACTAGTCTCCCGTGAGGGA

VpF CAAGCTTGTCTCCCTTCAGTGG 350
VpR CGGATCCGTCCTGTAAAACAGT

ITS1 TCCGTAGGTGAACCTGCG 550
ITS4 TCCTCCGCTTATTGATATGC

1.2.5 Z=MAREYRNE AR EREIEHRRB
EEHE SR

SR S AOX IRE % 5 3 S R T8 9 9 i o
PR R . FH ISP2 -l 3% 77 2 4k 3 Fhdi A
WAEA G, G0 RPEZE PDA A FA&AR
BEFE . FHAE R IR PRE N AR 20 B o5 H2 A8 B P A
g 2.5 cm Ab1A 8 AN a5 b, RS SRR RS B
£ PDA A, DI 5 E R A
HEAXTHR, 25 CHERFE SdJE, W N2
TR BRI RACR R BB 400 1 P A P 2 240 T
PRIEAT A0 o D ER BRI PN A 40 B 1 50 $ 7
BEEM g 2.5 em &b 4 53 em KWLk |, ¥
SRR EAERNTE PDA P g, DI
ol S ECBA Pl ol s I R 25 CfE LB
F% 5 d e, MEREEAERER, #BASIHE
VA A A TR ) R T A TR 2 ] 3R =[O0 RE TR %
HA%-0.5 cm)—~(AbFRRVE HA2-0.5 cm)]/(O BE TR
K EHA2-0.5 cm)x100%.

2 ER5H

21 HMBHRMNERBERREESES
EHER
211 BERHRERESBER
MG AL SR B SRR B AR BT
R FNEFALR FoRAE 114 BiFie B4k, AP
OrEIRAG 171 BRECEE s MBS SR SROBR A S SR AR
FoRAE 25 BOTIRBERSS, AR EIERAS 63tk
SrERR, EAIRINER 2 iR
212 ERBEFRFREES TEELER
LSRR R R AL X 234 Ry
AR IR T RS AN, PRIEH 44 BRAT R SR
S I H B AT ITS BT A e, it
BLASTn #FATTELELUXT, 58 MUS3 9993 I B A 4
HUEE, WA 1 Froas, X 44 HRE s T
Valsa . Alternaria . Clavariopsis . Monilinia .

Mucor . Rhizopus . Dothiorella . Gibberella .
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Microsphaeropsis . Peniophora 10 4~J&,
Valsa (5B, 8 61.36%, RUIALR
JIt PRl Ja e A5 | 0 S0 2R A o D T AT AR
R, AT DUl A R R AT ) B
3 B I B R AT bR B U, AT A /N B
ER(EN NN TR EE R Sy N SR 5 B L
15 ¥R Valsa malicola M1 2 ¥f Valsa mali, 3L
PERRE B 85 1 AR Valsa malicola, W] Valsa
malicola AR LA YL BF3E LR, v DL gL
SRR o e U L B SRR B 9 K Valsa
malicola, FZW Valsa malicola B 4124 T #ifH
SLEFSROMR A Y SRR (R 3)

*®2 TERERTBELER

Table 2  Separation results of different sample
points
REESA WA BB H el
Sample  Tree species Number of Number of
points branches  isolates
BRE RPN 84 135
Xinyuan Malus sieversii
County  HPAtFH 18 13
Armeniaca vulgaris
S LA AR 6 8
Crataegus songorica
LS ) 6 15
Pyrus asiaemediae
W BPSER 25 63
Emin Malus sieversii
County

= Valsa

u Alternaria

n Clavariopsis

n Monilinia

u Mucor

n Rhizopus

n Dothiorella

n Gibberella

» Microsphaeropsis
n Peniophora

61.36%

1 BREHEERKESH
Figure 1  Distribution of apple Valsa canker
pathogenic fungi at the genus level.

x3 FERBERREENSN
Table 3 Distribution of apple Valsa canker pathogenic

fungi
RAES WD Valsa malicola Valsa mali
Sample Tree species SrEEH Sy EiEH
points Number of Number of
Valsa malicola Valsa mali
isolates isolates
Brf e B 15 2
Xinyuan Malus sieversii
County HFA##f 0 0
Armeniaca vulgaris
S 1L AR 0 0
Crataegus songorica
HF AU 1 0
Pyrus asiaemediae
B B 9 0
Emin  Malus sieversii
County
22 =MAREYMRNEAENERBER
RIERRERT
22.1 MBRALHERBERBRESRTH

K ARO IRF 5 25 BN 57 PR BT 0 PN A= 4 R
FR B 0 X6 S SR T A s i T A I T RO B TR
PR, JLGRER] 12 BRI A i I AT
HVE R R, TS R ANER 4 Fos. B
HIVE BB R A 7E Acinetobacter . Bacillus .
Micrococcus . Sphingomonas 4 1~J@ W, ik 3]
4 BEXF AR Vm (Valsa mali) . Vmel (Valsa
malicola), Vmc2 (Valsa malicola FyUE )2
A MAE A E R B2 Bacillus .
222 ERMRERALEARMBECRHBEERSER
V2Kl

M 36 BRAERAC A AR LR 10 B
X R o A M RO R B bR, e s
RANE 5 fion. 10 BRIEMR S Bacillus 5 8 &,
Bacillus sp. GQ24 ., GQ26. GQ27. GQ29 %5 4 tk
FXTERE V. Vmel, Vme2 ¥4 H6I1EHA,
H A B# Bacillus sp. GQ24 W B AR B4,
XFVm, Vmel, Vme2 B 353 5124 70.93% |
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62.26%#1 77.72%, 1 Rhodococcus sp. GQ30 Fl
Enterobacter sp. GQ13 1% Vme2 HAHIVER .
223 HEREAEREEHRRELS RS
M 83 BRH FE N A Al e AL k70 PR
MR BOR bR, TR IESS R NER 6 Fron.
A 558X Vi, Vmel . Vme2 B MHIFER]
x4 ZHRERBERKRES AT AEH
TESEEE S
Table 4 Antifungal results between three strains of

apple Valsa canker and endophytic bacteria from
Ferula

EEEUNELTS Vm (%) Vmel (%) Vme2 (%)
Antagonistic strain

Bacillus sp. AW2 58.01 59.41 63.73
Bacillus sp. AWS 38.36 57.89 81.60
Acinetobacter sp. AW13  — - 35.96

Acinetobacter sp. AW16 — - 23.31

Bacillus sp. AW19 - 40.47 -

Bacillus sp. AW22 - 59.68 62.96
Sphingomonas sp. AW26 — - 48.28
Bacillus sp. AW29 56.24 55.81 73.51
Bacillus sp. AW33 - - 21.92
Bacillus sp. AW40 53.42 56.03 68.98
Micrococcus sp. AW44  — - 36.98
Acinetobacter sp. AW49  — - 73.73

—: WEEERE R 0-5 mm. T[H

—: The radial inhibition zone is 0—5 mm. The same below.

x5 ZHRERBEHRFEESHIEANEAER
HEER

Table 5 Antifungal results between three strains
apple Valsa canker and endophytic bacteria from
Lycium ruthenicum

EEANEEYS Vm (%) Vmel (%) Vme2 (%)
Antagonistic strain

Enterobacter sp. GQ13  — - 45.06
Bacillus sp. GQ17 53.44 - 78.91
Bacillus sp. GQ24 70.93 62.26 77.72
Bacillus sp. GQ26 66.56 60.73 63.43
Bacillus sp. GQ27 36.54 46.66 64.27
Bacillus sp. GQ28 - 54.21 75.03
Bacillus sp. GQ29 66.52 58.74 81.88
Rhodococcus sp. GQ30  — - 29.34
Bacillus sp. GQ33 - 50.96 64.76
Bacillus sp. GQ36 - 43.71 45.04

4y i 7E Bacillus . Brevibacterium . Pantoea .

Achromobacter . Dietzia . Microbacterium .

Micromonospora., Mycobacterium 8 ~J@ ", H
H Bacillus JIT b7 Bl 5, 0 80% (P 2). Hi9R
Bacillus Jit 5 Wl , {H Brevibacterium
Pantoea WF-EIFXI NG X525 F Bacillus, T
¥k Brevibacterium sp. GC56 % Vm F1 Vmc2 i
PR AR o 5tk L AR X ER R 400 R 77.96% Fl
85.27%; WKk Pantoea sp. GC40 X} Vmcl A
AR e, AR RN 73.18%,  [F] A Lt
M —HCF I BRI FE 0% LA BBk, T
Wi 2 A PR SR A AT PN A A TR R PR T e AR,
DAY A 20 T 410 T 8O BE A EL S T R R A B 28 B
%, RPH R A S BB F 8 PR g e
o 9 L TR ) A D R DA

3 WREER

3.1 HEBHRNERBERFEEEST S,
EELERITIL

ASBIF5E XS 2R B B AL T 5 B A e B
139 A BRERC AR HEAT 70 BE AR 234 By B
PR, GRS 27 MOERIEREERIEE, A
25 ¥kK Valsa malicola, ¥R Valsa malicola
N2 DEERMER B ER R A . Seifollahi
SEPIN RN PR A . LA . 245 6 FhR
W o 3 4 B Valsa malicola, 3% B Valsa
malicola [2F FEAZHME. BT MFE R
FFRIM T 85 Valsa malicola, R X SESRE
FEI B BI A AN AR BRAE XS SRR B, Ao A
o [ A, 5 2 0 BT 0 3 1 A A

ZIRBE AT EA SR R, 58
S REEAL e 1T 2855 M08 Dy AR MEVE A %8 7E H
PP R T RN RN B, AR S0 SR F S
T BRI E LA 5 | W X8 T 4 2 0 FL R A 7R
e, fefmidid ITS FFalo s BB R Y
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Table 6 Antifungal results between three strains apple Valsa canker pathogenic fungi and endophytic bacteria

from Glycyrrhiza uralensis Fisch

EEENESLY S Vm (%) Vmel (%) Vme2 (%) | ¥ kk Vm (%) Vmel (%) Vme2 (%)
Antagonistic strain Antagonistic strain

Bacillus sp. GC1 62.06 64.67 63.28 Brevibacterium sp. GC44 69.46 — 78.72
Bacillus sp. GC4 - 33.25 - Bacillus sp. GC45 - - 65.03
Bacillus sp. GC6 5722  60.75 67.93 Bacillus sp. GC47 - 38.27 45.17
Bacillus sp. GC7 7293  57.56 59.56 Bacillus sp. GC48 69.11  64.53 66.26
Microbacterium sp. GC9 63.11 61.62 68.36 Bacillus sp. GC49 69.59  68.97 64.82
Bacillus sp. GC10 64.04  60.76 66.34 Brevibacterium sp. GC50 71.62  67.82 79.61
Brevibacterium sp. GC11 71.03  66.06 80.81 Bacillus sp. GC51 66.99  71.01 75.24
Bacillus sp. GC12 63.63  63.93 - Bacillus sp. GC52 2436 - -
Phyllobacterium sp. GC13 63.55 62.23 - Bacillus sp. GC54 4129 - -
Bacillus sp. GC17 73.36  66.66 69.26 Brevibacterium sp. GC55 76.65  68.85 82.97
Micromonospora sp. GC18 51.90 50.82 57.50 Brevibacterium sp. GC56 7796  69.31 85.27
Bacillus sp. GC19 58.31 58.71 59.06 Bacillus sp. GC57 35.56 - 57.70
Bacillus sp. GC20 36.96 - - Bacillus sp. GC58 7320  66.19 73.47
Bacillus sp. GC21 67.93  69.07 71.26 Bacillus sp. GC59 70.79  53.48 71.58
Bacillus sp. GC22 63.07  59.48 62.46 Bacillus sp. GC60 63.63  54.69 81.37
Bacillus sp. GC23 - - 58.28 Bacillus sp. GC61 67.93  55.00 73.14
Bacillus sp. GC24 58.18 5532 74.13 Bacillus sp. GC62 - - 24.07
Bacillus sp. GC25 59.51  58.43 75.38 Bacillus sp. GC63 - - 20.71
Bacillus sp. GC26 65.81  65.98 63.96 Bacillus sp. GC64 68.72  68.72 67.74
Bacillus sp. GC27 6542  60.33 58.01 Bacillus sp. GC65 52.44 5518 57.45
Bacillus sp. GC28 63.69  57.99 57.11 Dietzia sp. GC66 50.93 58.16 62.76
Bacillus sp. GC29 69.40  69.65 73.66 Bacillus sp. GC67 63.86 64.58 66.28
Bacillus sp. GC30 72.63  63.94 67.04 Bacillus sp. GC68 48.46  54.41 -
Bacillus sp. GC31 3593 5238 46.19 Mpycobacterium sp. GC70  63.67  48.67 56.29
Bacillus sp. GC32 63.34 57.83 58.66 Bacillus sp. GC71 66.03  62.92 76.27
Bacillus sp. GC33 70.51  67.44 69.62 Brevibacterium sp. GC72 - - 64.57
Bacillus sp. GC34 40.78  40.38 60.30 Bacillus sp. GC74 59.07 55.85 61.22
Bacillus sp. GC35 67.18  68.27 79.40 Bacillus sp. GC75 69.82  69.72 75.47
Bacillus sp. GC36 65.87  70.56 70.04 Bacillus sp. GC76 62.18 58.16 66.38
Bacillus sp. GC37 59.52  54.89 68.72 Bacillus sp. GC77 58.67  57.68 59.43
Bacillus sp. GC38 49.58  63.83 67.40 Bacillus sp. GC78 63.82  62.63 62.09
Achromobacter sp. GC39 43.03 61.71 76.22 Bacillus sp. GC79 55.52  54.19 64.89
Pantoea sp. GC40 71.73  73.18 83.61 Bacillus sp. GC80 6132 61.54 68.79
Bacillus sp. GC41 62.49  65.38 69.78 Pantoea sp. GC82 53.02 45.82 67.61
Bacillus sp. GC43 65.79  63.88 62.44 Bacillus sp. GC83 56.01  60.16 67.85

Oy FUEE o PR LAY B R S B AR A
e AR TR A0t B, DAOHORS: 3 I B3 SR J 2 o
JE L ALS I P I RR SRR, AR S5 1) S 4
FMZE IR R Tl g L A5 1 S Bs i ] vh
RS ZH Alternaria AL E L. =

SRS R I P L AL 51 R 58 Ak B0
SR I L — R e, IO R — E
JE BB T 2 B RAS, [ ORAIE T 530 A v
Bk, bR O e M S R R B R —
%M E.
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» Bacillus

w Brevibacterium

w Pantoea

n Achromobacter

» Dietzia

n Microbacterium
» Micromonospora
» Mycobacterium

2 #Vm. Vmel 1 Vme2 HEREMAFEK
5%

Figure 2  Distribution of endophytic bacteria
resistant to Vm, Vmcel, and Vme2 in Glycyrrhiza
uralensis Fisch at the genus level.

3.2 =MARAEYMRNEEEREEMNS
wie

AR B IREE AN 176 Bk 25 HIAR )
DAL AR 20 R R O B HE 92 R HA I TR SCR I TR
v 63 RXT 3 AR IR B LA KA kAR A L i
X8 B R K 22 B 2F AT 18 (Bacillus sp.). 1HY)
WAEZF AP R ) 2 A, B el gt
i FHYER . PUR R FEMBUE SN, R
Yiliih . BB BE 2545 )y T B A T
FB BRIFAF RSN, BERE Brevibacterium sp.
GC50. GC55. GC56 Fll Pantoea sp. GC40 ¥ H.
A A v AR A TR A T 3K L TR R 7 2 A A ZE e 1Y
B if b IR R R AR PO TR, AR S i ok
H R 757 TR AR AN (ST 80 B R AR SR B2 1Y
ARG EATRKRAN AT ET S, RN 1A
PIBii6 BRI GTIR , D 2 FAR ) N AR A0 A T
M TGl A0, TR E N A
2 2 A2 F ALY T 0 28 HE RS S SR A0
JE T HA B A ROR N AR A . A
M Streptomyces polyantibioticus T4SB028
Xt Valsa malicola Fl Valsa mali W30 5 253 5|
N 64.20%F1 70.55%, ZENAANT Bacillus
siamensis S1-20 %f Valsa mali WM FH 2N
73.33% . A B HS Y Streptomyces sp.
EGI 125 X} Valsa mali (930 R 5 ik 81.90%,

EAE A 22 rh LA 10 TR 2 BE 14 N A= 4 TR A 53 A 7
Bacillus T Streptomyces 3% 2 ANJ@ !, A 5256
AT e S e T e s i AT 4 P Y
WA TE Bacillus . Brevibacterium. Pantoea .

Achromobacter . Dietzia . Microbacterium .

Micromonospora .. Mycobacterium iX 8 4~JgH, J
1 Brevibacterium sp. GC56 Xt Valsa mali F Valsa
malicola B AH X 1 B 2K 4 B N 77.96% F
85.27%, Dk, ZEHHLA EAIRSEIE S A S 3 Fil
R, B A A A TR0 S SR 4 o e i T 1)
PRI RSCR 4, BESEERMT, MH =AY G
W B4 24 1505y 223K 400 A3Fh,  #E RS R =k
FACA Y R I A B, 2 AR N A T
RERS A RN i 5 A A AH R SO LR 1k Y
DR S A 00 T D A A0 o B AT B A A R ROR
A RE S H R R AR AT G, A IR
B4 0 R A8 4 24 FH AR oA A 4 R 1 B T
HLAAR 5 2t — AR 5T
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