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Abstract: [Objectivel Prunus armeniaca is one of the main tree crops in the Tianshan wild fruit forest,
which plays an important role in maintaining the stability of the Tianshan wild fruit forest ecosystem.
The occurrence of wild apricot perforation disease caused by Wilsonomyces carpophilus has become an
important factor endangering the healthy growth of P. armeniaca. W. carpophilus mainly harms the
leaves and fruits of P. armeniaca, causing leaf perforation and fruit browning. Screening of fungicides
and identification of antagonistic fungi against W. carpophilus can effectively control fungal perforation
of wild apricot. [Methods] Based on the previous research, 8 types of commonly used low-toxicity and
high-efficiency fungicides on the market were selected as the test agents, and the concentrations of each
fungicide were adjusted according to the recommended dilution ratio and pre-experiment results of the
commercial agents. Using the mycelial growth rate method to determine the toxicity of different fungi-
cides for the mycelial growth of W. carpophilus. Mix the fungicide and PDA medium in a 1:9 ratio to
form a medicated medium, inoculate the bacterial cake into the center of the plate, and use the non-med-
icated medium as the control. Measure the colony diameter using the cross over method to calculate the
inhibition rate of mycelial growth. Prepare a suspension of conidia of W. carpophilus, mix the prepared

suspension with the medicinal solution and incubate at a constant temperature for 14 hours before ob-
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serving the results. The spore germination standard is set below: when the length of the bud tube ex-
ceeds half of the maximum diameter length of the spore, it is considered as initial germination. The ef-
fective result is to control the germination rate to reach 90% or above. Use the spore germination meth-
od to compare the sensitivity of the conidia of W. carpophilus to the toxicity of eight fungicides. The
toxicity regression equation (y=ax+b) was established by using the least square method with the natural
logarithm of the concentration of the agent as the independent variable (x) and the probability values of
the inhibition rate and the inhibition rate of spore germination as the dependent variable (y). Observe
and record the size, color, transparency, surface texture, and other cultural characteristics of individual
colonies of antagonistic strains, as well as the results of Gram staining and physiological and biochemi-
cal characteristics measurement; Using the Neighbor-jioning method, we selected known sequences
with high homology on the NCBI website to construct a phylogenetic tree of antagonistic strains, and
determined the taxonomic status of the strains based on comprehensive cultural characteristics and mo-
lecular biology results; Determinate the inhibitory effect of antagonistic strains on different pathogens
using plate confrontation method. [Results] Different fungicides had inhibitory effects on the growth
of the hyphae of W. carpophilus. Among them, 50% carbendazim at different concentration gradients
had a strong inhibitory effect on the growth of the hyphae. After being inoculated into the medicated
medium, the hyphae did not grow. 722 g- L' propamocarb hydrochloride and 36% quinoline - tebucon-
azole had strong inhibitory effects on the growth of W. carpophilus hyphae, with ECs, values being
0.322 5 mg- L' and 0.329 8 mg - L', respectively; The inhibitory effect of 75% chlorothalonil on the
growth of W. carpophilus hyphae was poor, with an ECs, value of 918.8 mg- L. The results of inhibiting
the germination of conidia of W. carpophilus using different fungicides showed that among the 8 select-
ed fungicides, 27% pentazole - thiamethoxazole and 722 g- L' propamocarb hydrochloride had better in-
hibitory effects on the germination of conidia of W. carpophilus, with ECs, values being 0.060 5 mg- L'
and 0.164 mg- L, respectively. The inhibitory effect of 75% chlorothalonil on the germination of conid-
ia of W. carpophilus was poor, with an ECs, of 1103 mg - L. After incubating the antagonistic strain
XHG-1-3m2 on LB solid culture medium at a constant temperature for 3 d, the single colony was circu-
lar, with irregular edges and milky white color in the early stage, but showed gradually deepened,
opaque, and slightly raised in the later stage, and the surface was not smooth. Gram staining was posi-
tive, V-P and nitrate reduction reactions were both positive and aerobic, and can liquefy gelatin and hy-
drolyze starch. The similarity between strain XHG-1-3m2 and B. atrophaeus sequence reached 100%
in the NCBI database BLAST results. The phylogenetic tree results showed that strain XHG-1-3m2 and
B. atrophaeus were clustered into the same branch. Based on comprehensive cultural characteristics and
molecular biology analysis, strain XHG- 1-3m2 was identified as B. atrophaeus. The antagonistic
strain XHG-1-3m2 had an inhibitory effect of 88.88% on W. carpophilus, which can inhibit the growth
of W. carpophilus hyphae, cause deformities, shorten internodes and affect the normal growth of hy-
phae. Simultaneously, it had inhibitory effects on all 17 other pathogenic fungi. [Conclusion] 50% car-
bendazim had a good inhibitory effect on the mycelial growth and conidial germination of W. carpophi-
lus. The antagonistic strain XHG-1-3m2 was B. atrophicus, which can not only inhibit the growth of
W. carpophilus, but also have good antagonistic effects on other fungi, with broad-spectrum antifungal
properties.
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e 1 P Ccaptan)  CL B (hexaconazole) - 7% ik HH 34
M (difenoconazole) WS AT FH R BT 16 28 fL . B
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Table 1 Test agents and test concentrations

4K

Manufacturer

MREAT A

Dilution multiple

AT AR Pk

Pesticide Pesticide formulation
50%% B K AP 7 WP
50% carbendazim Wettable powder
80% ARl AR 7 WP

80% mancozeb

75% E HiE 75%
chlorothalonil

Wettable powder

AR 77 WP
Wettable powder

40% 4 « A EE AR T WP
15% thiram+25% ziram Wettable powder
722 g- L' AR JKFI AS

722 g-L"' propamocarb hydrochloride ~ Aqueous solutions
27% IR < WE 57 i KFLFF EW

2% benzisothiazolinone+25% Emulsion in water
tebuconazole

36% MM« 3L s B SC

24% oxine-copper +12% tebuconazole

20% Mt g « 1 T i
20% pyraclostrobin

Suspension concentrate

R CS
Microcapsule suspension

VU 2R B BR 2
Sichuan Runer Technology Co., Ltd

B PG R AR R Sl AT B2 )
Shaanxi dahuate Technology Industry

2000,3000,4000,5000,6000

AL AE LA PR A H] 2000,3000,4000,5000,6000
Hebei Yinuo Biochemical Co., Ltd

TLPG AR AAT PR A 7] 400,600,800,1000,1200
Jiangxi Zhongxun Agrochemical Co., Ltd

]G e AR AT PR A 1000,2000,3000,4000, 5000
Hebei Guanlong Agrochemical Co., Ltd

FEH R AT 600,1800,2400,3000,3600
Bayer

2000,4000,8000,16 000,32 000

Co., Ltd

BT s 43 A PR 2 ] 4000,6000,8000,10 000,12 000
Shunyi Co., Ltd

TLPG AR AAT PR A 7 2000,4000,6000,8000,10 000

Jiangxi Zhongxun Agrochemical Co., Ltd
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7 i K EAKE R — 0 RN R, BUnA
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I, et 8 Mok B AN [F) M R A KT B 98 7 97 &1
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R
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Xﬁﬁﬁ@%ﬁﬁ% - 4&£¥%@¥ﬁﬁﬁ$ XIOOD
PORGE Ry &S

3
FF Microsoft Excel 2019 F1 GraphPad Prism 8.0
A AT EAR B Gt 5 08T, SR & R B IR
RIIHO E L2 AN T B 75 S5 RN TR VECoo SRR
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16 B R AT SR B At 2 S LRRE R I, FH G B IK
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5 mm )/, H 3% 0 RN TR 30 s, FH G
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FE I8 W B IR AT 70 B8, B 10 g B AR N 150 mL
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107,107 F1 107 {73, FH A2 WA R HX 200 uL 1)
LIEWRE T &4 0.05 g- L' EhER VU IR &K (1) PDA K 9%
REECHEEBEERKYS, REIRES, KT
28 CCIEIRIG FRMBEF% , F5 A B 2 18 7 Hh 300 )5 S Rk
ATAlA . 1903 J5 R T8 Kt S o B Tl AR K B B
HRIR LR LB RS B 23 IRE AR
SRATF AL I BB T, R A4k 1 B B VR B2 B LB
Wik RS 28 °CL 150 r-min ' PR %5575 24 h,-20 °C
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1.6.1  FACH ARG 3R AR R A 39 A A 4 b
& PRERAEAY IS I B R VR R 2 i AR Y LB [A A
BRI HLAR N, 28 CCBIEHE IR 3 d WS, 10 SRR BRI T
(19 R/ P €8 325 55 R 3 THD I b S5 T A8 2R AE ™, )
I EAT 5 22 PR o, W F5 B B R 110 26 B A AR
162 RRAHSTLEMFSE HEzup R4
PR 22 PR ZH DNA il 42 15057 S 52 IS BB AR 1 DNA,
K4 B 38 51 0334T PCR Y34, 51905 41 : 27F
(5" - AGAGTTTGATCCTGGCTCAG-3’ ) I 1492R
(5’-TACCTTGTTACGACTT -3"), 5| ¥t T4
TRECEEDO M A RAF A M. PCRY 1Y [N Ak
%25 pL:2xTag PCR Master Mix 12.5 uL, b R3]
Y% 0.5 uL, BEA DNA 1 pL.ddH,O b 78 % 25 pL.

PCR Y 3264 :95 °CTAEME: 5 min; 94 °CE %30 s,
57 °CiE K 30 s,72 °CHE{H 90 5,30 MEFE 5 72 °CLEfH
10 min. PCR =#) 2 1% 37 5 B Bk i W 1k (150 V,
20 min) A3 W 5, B AR R G i di R . UIEI
PCR =4 H1 9k 2% i T 75 DNA H 1) 4% 7 , 1% F San-
Prep A 7 DNA JiZ [ Wi 75) & 121 i DNA Fr Bt .

B ST PCR Pk 248 A THECE
WD B A R A |) 3470 7, 78 NCBI M 3t Chttps://
www.ncbi.nlm.nih.gov/) # 47 BLAST [ ¥ /5 %1 th
XU, e B[R] VR I A v B RN B B A, R
MEGA 6.0 #1477 511 53 #7 , K FH Neighbor-jioning
P RGBT 1 E TR I 4 A
1.7 FEREKS T EREREINESRE

JER L4, AR LR 2.
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Table 2 The species and sources of strains in this study

P I BT Btkms =L e R wtkms  FHE
Number Pathogenic bacteria Strain No.  Host Number Pathogenic bacteria Strain No. ~ Host
1 Phaeosphaeria avenaria GL314-1 G LB 525 10 Nectria dematiosa 3142-2 b
Spiraea hypericifolia U. pumila
2 Didymella maydis HC228-1 K2 e %) Cytospora ulmi 3336-2 Ty
S. hypericifolia U. pumila
3 Ascochyta nigripycnidia  TET305 R A NS5 ] 12 Nectria nigrescens 3456-2 Hrs
S. hypericifolia U. pumila
4 Dothiorella omnivora 3442 LHES 13 Nothophoma quercina ~ HC230-1-1  Hii#
P. armeniaca U. pumila
5 Aureobasidium pullulans YA92 i 14 Phoma herbarum GL323-3 GIESFSES
P. armeniaca Lonicera hispida
6 Didymella glomerata YA99 s 15 Didymella aliena XB170 iR 1 3 7
P. armeniaca Rosa albertii
7 Monilinia laxa XHG3m2 H# 16 Nigrospora gorlenkoana HC261-1 1Lt
P. armeniaca Crataegus pinnatifida
8 Cytospora donetzica 3410-1 i) 17 Chaetomium elatum HC273-1 HET
Ulmus pumila Sophora alopecuroides
9 Cytospora pruinopsis 3336-1 i) 18 Dothiorella sarmentorum 3111-1-1 A
U. pumila Rosa sp.

2 ZERE55¥

21 AEFREFINERTIBEELZEKNSZHN
ELER

8 Al 3% BT 77 0T I AL T 0 T P B A R B
A S AELAS [ £ 235 T 7703 1 R0CR AT 3 T 1 22
5to HIZR3WIRI, 50% 25 T R 5% i B A Bobh P2 24 1
X R 22 AR I AT SRRV L 8 R T AT B 22 3 R
AR ARG S5 R K 7 50% 2 W R I IR b
YR F [m 4 2 I 7R3, R A2 R A K 722 g+ L

6 B R TR R N 36%0 M bk « 132 M JE 6} g TR ) A A B
22 1 A K I AE B 85, ECs 43 7 8 0.322 5 Al
0.329 8 mg - L5 27% 3 M « 158 25 ] L 20%% HEL 1A » 135 B iy
A1 80% X A& 4 £ 1 4 ] /E H X 2 ECs0 53 il N
10.66.37.18 F141.81 mg - L"; 40%4 « 48 £ {1 #1 1l {F
859, ECo N 114.5 mg- L' 75% [ B i 1 30 1) 3%
R 7, EC 99188 mg-L s
22 TEIFAFIMNERTIARESEBMFHLANS
TIMELER

W& L T ) F TR 43 AR F0 - 1E 25 °CIRIBHS IR 14 h ),
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Table 3 Test results of indoor toxicity of the tested drug to W. carpophilus

Rl EICE e RZH B RR IR EE
Bactericide Virulence regression equation R ECs,
50%% 1 R WP 50% carbendazim WP - - -
722 ¢- L' R BB ER R £h AS 722 g- L propamocarb hydrochloride AS ¥=5.537 140.660 6 x 0.965 9 0.3225
36% N « I SC 24% oxine-copper+12% tebuconazole SC =1.900 0+1.760 1 x 0.9239 0.3298
27% 51« EZE ) EW 2% benzisothiazolinone+25% tebuconazole EW y=4.224 1+1.257 7 x 0.968 8 10.660 0
20%HE W « 18 15 1§ CS 20% pyraclostrobin CS y=3.883 0+1.527 4 x 0.9599 37.180 0
80% XA i 2 WP 80% mancozeb WP y=1.102 54+2.003 5 x 0.943 1 41.8100
40%48 « F84E WP 15% thiram+25% ziram WP y=2.064 1+0.800 0 x 0.805 3 114.500 0
75% E B i WP 75% chlorothalonil WP y=3.723 5+0.340 6 x 0.780 2 918.800 0

Xt R R RN 97%. 8 Fh Ak B 76t g S T 1 4y
A AT R R A — 8 AR . 8 R 1 A
27% I3 e « W8E IR AN 722 g L 7R B R SR IR R 4
H R B 4T, EC50 539 79 0.060 5 F10.164 0 mg - L' s
H R 80% AR AR5 5 » ECs N 2.352 mg - L 5 20%H

WA o Tl ] 5 D 3690 AR bR » 132 A T2 (18] 00 1) 2950 R 55
ECs 4y )N 34.41 F1158.50 mg - L' ; 40% 47 « 4 4% Al
50% 2 B R IR AR T S B OR B %, ECyo
I3 508 162.6 F1223.2 mg - L's 75% 14 1 1 A 3041 2%
R 2, ECy N 1103 mg-L'(F£4).,

x4 HIXETIX E BT AR R BIHIHIEER

Table 4 Toxicity determination of the test reagent to the conidia in the laboratory

AT A BIETT R R REL AR
Bactericide Virulence regression equation r ECs

27%]J% Me « BEEE T EW 2% benzisothiazolinone+25% tebuconazole EW 1=3.943 9+1.011 6 x 0.782 1 0.060 5
722 gL' FE R ER R E AS 722 g- L' propamocarb hydrochloride AS y=5.564 7+0.703 3 x 0.878 6 0.164 0
80% X R4l i WP 80% mancozeb WP y=1.684 0+1.855 0 x 0.9103 23520
20% L P « 18 15 i CS 20% pyraclostrobin CS y=4.000 6+1.217 3 x 0.936 8 34.410 0
36%IE M « [ ML EE SC 24% oxine-copper+12% tebuconazole SC y=4.839 6+0.670 6 x 0.7179 58.500 0
40%45 « 1 4F WP 15% thiram+25% ziram WP y=3.294 7+1.052 5 x 0.869 0 162.600 0
50%% 1 R WP 50% carbendazim WP y=3.390 8+1.239 5 x 0.961 0 223.000 0
75% A Hiii WP 75% chlorothalonil WP y=-0.230 6+0.003 9 x 0.984 0 1103.000 0

23 HEHEKKXHG-1-3m2 ffh L F
23.1 HHREAHRXHG-1-3m2 @3kt 5424
M B XHG-1-3m2 75 LB #4572 2 2 1H

28 °CRRMEITIR 3 dJa , SRR B 1 Bl i N
FRIR BBV R E L S ANEESE , AL B €, SR I
CIEHINR AE Y S , R AOEHE , e N

A, B are the colony morphology of strain XHG-1-3m2; C is gram stain.
B 1 Bk XHG-1-3m2 R SRE=REEE
Fig.1 Morphology and gram staining of strain XHG-1-3m2
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22 PR PH A . % AR XHG-1-3m2 Z B Y 3 H s 48 56 Al 152 ik

232 RIAE M XHG-1-3m2 &9 4 32 4 4L 4& b

JFUS R 21 DR R A (3R 5D, B 460, Re A BRI AL » 7T LA

+=5 EPE XHG-1-3m2 FE RS (LEFIEN E LR

Table S Determination results of physiological and biochemical characteristics of XHG-1-3m2

AT A AR ME 25 R A AR AR M5 &R
Physiological and biochemical characteristics Measurement results Physiological and biochemical characteristics Measurement results
T R 3 R A + A AL +

V-P Gelatin liquefaction

FHEER R - IZE RGNS +
Ixazomib 7% sodium chloride growth

R EE - pH 5.74: K& +
Metacetonic acid pH 5.7 growth

D-AHE - TR £h14 5 +
D-Xylose Nitrate reduction

L-Fh bk - VER K fi# +
L-Arabinopyranose Starch hydrolysis

D-TH & - REAK -
D-Glucitol Anaerobic growth

TR B

“_»

Note: “+” is positive, “=” is negative.

IKABVE R 5 -6 22 4 2 FOAF B I AE B AR A RRAGE

233 RHIAEHRXHG-1-3m2 89 T AMWF LR
# #k XHG-1-3m2 (1] 16S rDNA 3 /7 51 i BL K JF
4 1487 bp, GenBank % 3% 5 0Q438428. [ Pk

XHG-1-3m2 £ NCBI ¥4 £ BLAST 45 1 5 Bacil-

lus atrophaeus J7 5\ FHBLFE 12 21 100% , SR F <1 42
R G B W (8 2) , Bk XHG-1-3m2 5 B. atro-
phaeus RN — 3, LR G R FRFFE 5 ] oy TV
O3 BT R A T Bk XHG-1-3m2 25 45 28 fFT 16 (B. at-

rophaeus) o

0Q438428 XHG 1 3m2|
MF375905.1 Bacillus atrophaeus LKYLW-1

92

80

MG920142.1 Bacillus atrophaeus AKLSR1

MN704536.1 Bacillus atrophaeus EGI61
NR115931.1 Bacillus halotolerans LMG 22477
NR024693.1 Bacillus mojavensis IFO 15718

NR104919.1 Bacillus tequilensis 10b

50| MH819693.1 Bacillus subtilis TT207

751JQ669676.1 Bacillus subtilis P38

KX898131.1 Bacillus velezensis FZB42

LN864508.1 Bacillus amyloliquefaciens US573

NRO041455.1 Bacillus amyloliquefaciens NBRC 15535

" KY694464.1 Bacillus velezensis NRRL B-41580

69

81

69
49

6 NRO074923.1 Bacillus licheniformis ATCC 14580
—{—LFM47354.1 Bacillus licheniformis IITR HR-2

100
MW387224.1 Bacillus licheniformis EBPL0007

IMK430529.1 Bacillus cereus PgBE311

—
0.005

& 2

’mlMN4'56842.1 Bacillus cereus ATCC 7039

ZTF 16S rDNA EFEFFIHEE K XHG-1-3m2 IR G 4 B

Fig. 2 Phylogenetic tree of strain XHG-1-3m2 constructed based on 16S rDNA gene sequences
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24 HEHEKXHG-1-3m2 WRERTIBEEZE K B 7E 52 21 B vk XHG-1-3m2 B0 5 B8 7% AT 7S 2
EA TR s BB 22 75 R AUBe ™ ISR, R B 1 1 22 ey

K FH PR RS 7253000 5 475 70 B ik XHG-1-3m2 X
W& 5L ) PR TR PRIV ) 295 Bk 88.88% (& 3) . Mg T) 1l

A XIRIE R T TR B ZAMHIE R I TR C. IEW TR 22D, ZIMHIE 22

T, T TRV R, 2R s A L IE W T 22 182 K R AN 35 5
o A 2 A SCERA R AME BB, FAN T R 22

A. The control colony of W. carpophilus; B. The inhibited colony; C. Normal hypha; D. The inhibited hypha.

B3 Btk XHG-1-3m2 MRER TR R 245
Fig.3 Effect of strain XHG-1-3m2 on the mycelial morphology of W. carpophilus

MIEH K.
2.5 FHEHES XHG-1-3m2 % AN 595 /5 & A0 =)
EER

JE I SR FH T ARORT URE 24 TR R XHG-1-3m2 K1 45

%= 6 Ek XHG-1-3m2 S A EREEMNINELE R

Table 6 Bacteriostatic results of strain XHG-1-3m2 against different pathogenic bacteria

sEAl

B I% , RO Mk XHG-1-3m2 %t 17 R J 38 75 4
IR (R 6, B 4), A% M. laxa(R1~R2D)A W&
7 40 1) K 5 #0012 h 89.41% , X5 BRI D. aliena
(M1~M2) . A. pullulans (G1~G2) + A. nigripycnidia

i SR T LIRS Ii SR T LIRS
Pathogenic bacteria Inhibition rate/% Pathogenic bacteria Inhibition rate/%
M. laxa 89.41+0.68 a N. dematiosa 58.04+1.04 ghi
D. aliena 70.64+2.60 b N. nigrescens 56.47+1.36 hij
A. pullulans 68.63+0.39 be N. quercina 55.70+2.28 hij
A. nigripycnidia 67.07+1.06 bed C. elatum 55.68+0.39 hij
C. ulmi 65.85+0.82 cde P. avenaria 53.70+3.24 ijk
P. herbarum 64.61+0.82 def C. donetzica 52.55+0.79 jk
C. pruinopsis 63.53+1.36 def D. omnivora 52.15+1.57 jk
D. maydis 62.22+0.89 efg D. sarmentorum 50.00£1.56 k
D. glomerata 59.61+1.04 fgh N. gorlenkoana 0.00

T R EUE N CPIEEARERZD , FIFIA NG T REOR R A p<<0.05 K P2 5# 0% .

Note: The values in the table represent (the mean =+ standard error), and different lowercase letters in the same column indicate significant differenc-

es among treatments at p<<0.05.
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W R, 25 i SR T 100 1R 11 P9 247007 0 K A PR IO R R 3 2237

FRE-1 AR A RE-2 R Ab .
The letter-1 is control; Letter-2 is processing.
4 B XHG-1-3m2 FOE iS4 R
Fig. 4 Results of broad-spectrum bacteriostasis of strain XHG-1-3m2

(Q1~Q2) . C. ulmi(N1~N2) \P. herbarum(L1~L2)C.
pruinopsis (D1~D2) « D. maydis (P1~P2) {1 {1 il % Ay
60% ~70% ; X D. glomerata (J1~J2) . N. dematiosa
(K1~K2)\N. quercina(01~02) .C. elatum(H1~H2) .
N. nigrescens (F1~F2) \ P. avenaria (A1~A2) . C. do-
netzica(C1~C2) \D. omnivora(B1~B2) .\ D. sarmento-
rum (11~12) I 224 50%~60% ; X955 B N. gorlen-
koana(E1~E2) 7o W] & I R «

3 % w

& L 7] 98 6 S IS AE 2019 4F AT 2020 4F 4 FE TG
ST XA NIE S AR A AL G I T e VA T SRR
FES A B IK EAAAE, A T R LR
TERF R . Hal, R IR a7
J b X T, e =2 1L X 7 ¥ T e ks , HOG T
i IX g 5 T A BT 5| S 1) 3 B 2 L R VR A
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S 4

H40%:

W R WA AR IE . BHTEAR TP R RE 2K
TR T B R INENERE T T 2 R TR R
I o 3, P TEE X, A o A 23 ) L P « ik 1 T £ AR 8
A« AR EE RN TRV 8 Tl 2% B 7R 3 PN XS R T R B
2K KT RINE T, 45 RR W, g 8 Rk
BB — s A B AR A, i 2 B RO B 22 2R
A VR F fo ot » 0 R 00 R o O T R A R 5 e
500~2500 13 ¥ i % 25 2000~6000 135578 » F 4 B 1% 1
2 PR A TERE IR 25 d 5 B B D [R1 92 22 1E % PDA
BE IR IR 5 W 22 R AR, R B RN g SR T
WP 22 A K B 2 HAE . Azmya 25
2007—2008 4F-7£ A5 4f -1 it 22 11 R B V6 A 28 L
SRR 50%2 B R 500 £ iR i e e 76 A3 28 L
I B R A=, 1000 112000 £ 915 157 it f5 %996 268 30%~
40%. bAN, FEFZE AR R ZF i Wit 4~5°Bé A &
A A ZR it A QAR B 55 0T 28 L R B 76 e
FIAEE RO AW 722 o L' TR B IR #h
B AW R F H 3 BT RO, X 1
28 M KN W R 3 B B S E A . 36%0
WBf 32 e P T 22 100 1) 2050 SR B 27 %0 132 A < S 25
Ko 00 ) 0 R A o, 3 2 P AR TG R T 7 ) =
PR SCR IR, oA B A 2 9 =R 7, B
Y ERK R, 82 M T 2 F E R ED
1. DI, R VA B M 2 FLR S R X 3 R
A B EC S, T DATE B e B R0 [ ) 48 272 99 )5
WA TER =
EEETEAHIEFU R 1 VO 8] 897 (1) B A5 Ak b
I3 5 B R % 0 g 5] 76 B B SR RS S AN
Y5 SF A B B. atrophaeus , HAZ# % HoAh 2 R
J B P B AN A SOR . SR AT R R 2R
U SR B e P DR A1) o 22 T B P 1, 12 4 1 11 o
R 2 R % 77 AR 2F FR AR & AR 2% 1 A ER B0,
222576 2 B A SRR A0 5 K AR R A
TEFB AR 20 R IA S F 6 B SRER SR AR R
DAY ELAEAE S8 5 B LR UL 24 1k S50 7 1) . A= By
] FRVRIF L0 N FH SR M 0 3 B AR SR, BT 1 R
(RS B 2 ST B B. subtilis FRIER S FUAT 1 B. amy-
loliquefaciens 245 % #INT 18 B. atrophaeus F1 VU3
LEFAT B B. velezensis #e N )12 IS HT40 B
IR A SRR F P B B vk DA AT AR B - 338 v
184558 M B vk QH-588 4 B. atrophaeus , 1% # PR AN
A RE % B 2 00 s R P B A 11 T 22 A K IR R

R DR B T AR . 518 RANE, A
BT 5 v g SR ) 7 TR £E B2 Bl T Ak XHG-1-3m2 J5 T /5
235 (X e W 5% R TS iR B R R A, IX R B B, ar-
rophaeus ¥ V& F J] 6 B 1 B 20 7T e 2= 4 . XK
S AN A R 3 B 4 S RS SR e B R
5 PR 1) B 1k DM3-18 N B. atrophaeus. 3§
TEWE S KB B. atrophaeus CP 297 X 35 i 7% tH A B
SRR RAOR o AR B A AR B RS i
3 B i Ae 4 AR 2 AR BT B A AR 0 B R R
IS HVE T, 2 % % N B. velezensis F1 B. subtilis. X
A O e L OoF B TR 252 98 LA S iR 4 i Y
B. amyloliquefaciens & XN-3. 7 75 B A EH K
AR 73 B9 45 20T T 22 b 2 TR 3598 TR 18 250 4100 1
1E F 1 2 %6 25 ZF f T B NBmelon-1, % 5 X & K %)
B AKE BAREEA . 2R 3 TR 20
R B 43 B9 15 21 72 8 I P S0 AR 1 8k 0 18 (Fuasri-
um oxypsorum) BT M7 16 2R 1) 91 75 4 5L e i £
1B R 1§ 33-1(Pseudomonas frederiksbergensisi) »

2 4 2 SR TR 22 9 Ji 5 TR P4 7 5 SRR B
PO, BB Ak, 4 R AR 7 4 B N
JER G A HRATL A R AL, 2408 308 5 52 e Ji R B 22 1E R
A KT B TR A o) 7 e B A i O 0 T Tk B
TR AR o 2 AT TR A T AL 20, BERE AR U
VI AE R A R B R B R B A, E
ik AN [R] A7 4 ) L 2 R B0 S B, L e g ad i
A AR R R AR AR K I o G ORI R T RS T
G RV AR RE T, SR m BRI, ATk 27 iR
BRI R AE IR . BB AR AR I i
H T AL T F B 45 5B AR XHG-1-3m2, X 1 B
HIBEAT T WP IR AR T HANE Y B AR & &
S FARABE B A B, A R i — AR R A AL .

4 #Z w

B AE A FU R BT I P 1) 8 ol 3% B T g R T
T B ) AT 22 AR KA W R A — S A AR A
50% % B 7 %) g SR 0 A B B 22 AR A A I R A0
27 % I3 M « W 25 T %o 1 SR ) 0 1R 43 A AR R A
RO . BH LA TR RONEF A B Fr b
I3 i OGS R D A R ROR I B
B8 Pk XHG-1-3m2, 25 & 15 72 K5 iE F 16s rtDNA J7 51
43 BT 5 B Pk XHG-1-3m2 245 2 AT 18 (B. atro-
phaeus) o
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