TR A ShiBIR Nov. 20, 2023, 50(11): 49254937
Microbiology China DOI: 10.13344/j.microbiol.china.230225
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

FHFFE FJAT-55034 FUEE . K5 X3 T54%
2R E I E SR

FRXT, MAK, BELT KR REF WEES, chmEmE
!

1 e R A AE YR T, fREE fEM 350002
2 fREA RO EERARO TR AT, g M 350002
3 RMK BN RHEE AT IRA E, AR RN 362500

4 fEALBAN BB B, R RM 362500

Tk, WUSHE, WAL, PRUKE, PR, MOEE, MMM, XI%. ZFAFTIE FIAT-55034 RYSTE | A= KA RO R 4

9o R POV BRT I 1 D], ik W 273d 4T, 2023, 50(11): 4925-4937.

CHE Jianmei, LAI Gongti, LAI Chengchun, CHEN Bingxing, CHEN Qiangian, LIN Silian, YE Pengpeng, LIU Bo. Bacillus sp.
FJAT-55034: identification, growth characteristics, and antagonistic effect on Botryosphaeria dothidea causing pear ring rot[J].
Microbiology China, 2023, 50(11): 4925-4937.

5 . [+ %] &% % & H (Botryosphaeria dothidea) 7| A2 49 S 46 X m A AL B3 A F o4 £ 2%
Tx—, BRERHYZFHRE. [B69] T340 50R 8 EH % SEFRER G EA KR FIAT-55034 AT
K, ARFHAIMHEZR RN, ARBLROEMGERBEAF TR, [FEI RAHLEFIAK.
A 32 A AL A2 16S RNA R R A7) 54 B AT 0 B Ak FIAT-55034 89 %5 2 ; z;z;ikaabzi‘ S
BEApH M E, AR ZAKRGERSE W, RAWE BENEZZARGITH L, RALZR. MK
MR F R LA, MAZFH FIAT-55034 TR mH A K46 R. [£ ﬁ":] EREA K
FJAT-55034 %% 4 N % 7 5 7047 & (Bacillus velezensis). % B #r4£ 20—-50 °C (&R /Z 30 °C)A=
pH 5.0-9.0 (FRi& pH A 7.0)¥ #8% £ K, NaCl A EH 0-5%0, ZARPHRBEIT AR, A
FJAT-55034 3F 6 A% ZA R F) 4 R A B ¥ BoA RRIAZE 9341 A . 7 E B A28 E % 19.8-29.1 mm;
SRR H LR ING, B FIAT-55034 st @ LA KRG 6| H 77.2%. B FIAT-55034 #6495
A AR B S R B T R, AR T 5 d B R R R E A 66.0%. [446] i
FIAT-55034 3t 2L 46 4 % B A 54 69 4 41 3R, PTAE A4 L4050 0% 09 A 7 & W k.
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Bacillus sp. FJAT-55034: identification, growth characteristics,
and antagonistic effect on Botryosphaeria dothidea causing
pear ring rot
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Abstract: [Background] Pear ring rot caused by Botryosphaeria dothidea is one of the major
diseases in pear cultivation, causing huge economic losses. [Objective] To identify the strain
FJAT-55034 with high antagonistic activity against B. dothidea and evaluate its growth
characteristics and antifungal activity, so as to provide an alternative strain for the biocontrol of
pear ring rot. [Methods] Morphological characteristics, physiological and biochemical
properties, and 16S rRNA gene sequencing were employed to identify the antagonistic strain
FJAT-55034. Furthermore, we studied the growth characteristics of the strain by establishing
the growth curve and determining the culture temperature and pH. The inhibition zone method
was employed to determine the inhibitory spectrum of this strain. Finally, co-culture,
microscopic observation, and pathogen inoculation in fruits were conducted to evaluate the
antagonistic effect of strain FJAT-55034 on B. dothidea. [Results] The antagonistic strain
FJAT-55034 was identified as Bacillus velezensis. It can survive at 20-50 °C (optimum 30 °C)
and pH 5.0-9.0 (optimum pH 7.0) and grow well with 0-5% NaCl. The strain exerted inhibitory
effects on 6 pathogenic fungal species derived from fruit trees, with the inhibition zone
diameters ranging from 19.8 mm to 29.1 mm. The inhibition rate of FJAT-55034 on the
mycelial growth of B. dothidea was 77.2%. Moreover, the strain inhibited the expansion of pear
ring rot with an inhibition rate of 66.0%. [Conclusion] The strain FJAT-55034 presented a
desirable inhibitory effect on B. dothidea and served as an alternative strain for the biocontrol of
pear ring rot.

Keywords: Bacillus velezensis; Botryosphaeria dothidea; biological characteristics; antagonistic
bacteria; pear

H % %5 /9 [ I (Botryosphaeria dothidea) — FO#iZk, SEURSZE . & R,
51 ) B 56 S0 2 B Rl R o AR R Y 3 e H AT AL 48 800 (1 B i 2 BR b a4 24
Z U IR EEREREA T 20 20 0¥ E GOIERRERER . FREMZEREY, f
Wi, FOTRFREE, JCEAA T ARREE  HE/ooMERSE, HAGEEHEN, £ %
100%, K2HEREE L 80%, WM ICIEME BURRE LA RD . Wik, AW ER R
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HYI9 F B 6 W & R 2 —17, 2R
FF DR B S S B T L o A R R e R
SRR, T AR SR TE A W) B IR SN )
2 10N 4 e S U e A B 10 22 2 SR AT
I (Paenibacillus polymyxa) Fil 4 & ZF 11 4 1
(Bacillus subtilis) & 18 |15 WO 24 8 B9 B HL R
LS (Alternaria alternata) i 22 A4 K F1 41 15
RYAT B MR o 25 A 1 (Bacillus
halotolerans) LDFZ001 7£ PDA £ 3¢ % [ RE%
2 0 /N 22 20K 95 7 (Rhizoctonia solani)
2z A KU Bl T RS S0 A Y B ia 1
FHRATE A2, ff €K AT & (Bacillus
amyloliquefaciens) L-1 REfS7ERLAS 11 4k i T &
B, T AR IR ] — B4 R A A K,
XiF B4 A8 SO TR I MR R GA B 76.6%
M B ZEFUFF B s£628 AT LA il B2 46 80 s BE
MR, MR 60.0%", Ak, D3
7 2F f #T & (Bacillus velezensis)ff Sy — Fp i
FEM A AR F 2 EEMA R 2w A, )
SEHTZEFAT B SMO0S X 4k iz A fih I 48 4% L 1
(Colletotrichum gloeosporioides) ) [95 %% It T 2%
i FH RO DS 2R AT 1 Ba-0321 HAT#K
SR BT AMLERE Ty, R R AR JE 5 TR (Fusarium
oxysporum) ¥ B G 8RR 81.0%, [A] A E A2 1E
M ER &R & & R bR A U HE AT ST )
i 3 27 A B L T A58 S0 1Y B A i DL
E, M HHTREREFEEE . AEER
PR A B B 1 A A R S RS
PESEYIAR O, DR 07 2 38 B AN [ A S 3R b5 1Y)
PR BT IR b

ABIF 5T R A DA A i o3 B A B — R A
R FIAT-55034, & B BL5 S0 T8 HAT 85
IFRRSPUE R . BRI, ASHESE B A8 22 X i
RRFEITIEE, FFEEG 0 T A HOR ML A
PRIHFAT S8, B HAE R, IR0 B Hoxs 24

LU R HIBCR,, BTN R A E
S E LR BT AR TR B E A, I AN AR
By B 75 B N B S

1 MR5r%

1.1 #8
1.1.1 =k

HEIRFL IR JH G B (Colletotrichum fructicola) |
ZLIE AN T (Valsa mali var. pyri). ZL48 80K
(Botryosphaeria dothidea) fl1%4 LR (Alternaria
alternata)??) 1 1. 7548 4R b k2 Be AT ) - 37 iF 5%
JUT 24 SR 2 T R 5 b D TR LAY T T
(Colletotrichum acutatum) FIAT-30256., JBHRfE
Ji& ¥ B (Lasi odiplodia theobromae) FIAT-3586 4
1.1.2 ExRE

LB WA K 323 (g/L): NaCl 5.0, EEfHi2
5.0, BEMAME 10.0, pH 7.0-7.2, 121 °CKH
20 min, PDA ¥ifrJk(g/L): D% E M bEniis
K375k 35.0, pH 7.0-7.2, 121 °CKH# 20 min,
T AR 0L AR RS TR BEm, A 17 /L 3EREH -
1.1.3  FERXFMNE

YR EL K 4] DNA 42U &, Bioteke 20
Fl; 2xTaq Mix, JERRRAEYAFRAF; API
50CH #1 API 20E, BioMerieux /A ), 3145,
JEOL 2~ ; AR B H%BE, Olympus 23 F];
PCR X, HLUKCFIEER AR 1L, Bio-Rad 24 ],
1.2 HEmEHERNEE
1.2.1 FESFHEME

TE LB 557 B X220 T i O e i T
FJAT-55034, 30 °CH;3% 48 h, W EEEZE .
BESERHE, JF TS TSR RIRIES,
1.2.2  EIBELHFIE

A= BRA ALSRAE SR T APT S0CH il APT 20E
PEATARGI . K5 R Bk FIAT-55034 F LB K555
AL, PEBCRETE T LB WA 3R, 30 °C,
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180 r/min 355 24 h. bk FIAT-55034 & [i%
WA B A0F API 20E #l API 50CH 7 4 4%
MOEAALE N, 30 °CHEFE 24 h, WMETFiC k&
AR T SOV S .
1.2.3  16S rRNA X 12

PR FIAT-55034 AR 2 DNA 4% 40 1
K20 DNA $REGR GH/E ) il 5190
27F  (5-AGAGTTTGATCCTGGCTCAG-3") F
1492R (5-TACGACTTAACCCCAATCGC-3")2",
PCR JZ WA % (25.0 uL): 2xTaq Mix 12.5 puL,
1E 5110 pmol/L)4% 0.5 uL, 3£ 2H DNA
(1 ng/uL) 1.0 uL, FEFAKHME 25.0 L. PCR
FUW &5 94 °C 4 min; 94 °C 1 min, 50 °C
1 min, 72 °C 1 min, 35 /ME¥; 72 °C 10 min,
PCR ¥y 58 i b ¥ 01 i A 0 B AR A B2 w1
45 A ] BLAST 7648 T2 5 504 1 1
BB R 3 91 R4 7 [R) s E X, SR MEGA 7.0
WA, AL ERKRN R LT W
1.3 FEIERRE RSN
1.3.1 FHhzk

PREUR Bk FIAF-55034 PR 75T LB, 30 °C,
180 r/min $5 IR R 1% %R R B SR Y
FIAT-55034 K BRI LB K555, F 30 °C,
180 r/min JRFHHFE, AFIEHEIO, 2. 4, 6. 8,
10, 12, 24, 26 1 28 hHUFE, SR LMt
JETHIE 600 nm MO, R0 3 IREK
132 BREMNEMEEKNZN

Fi& 1% MR R SR LY FIAT-55034 %
RN LB #5555, BT 10, 20, 30. 40
150 °C, 180 r/min #EZ 3537 24 h Jg B, M
FE 600 nm OB . ARALPE 3 IRER
1.3.3 pH MHEMEE KR

¥ LB WA 2550 pH EA A ZE 1.0,
3.0, 5.0, 7.0, 9.0 Fl 11.0, #% 1%3EFh s 5s
IR FIAT-55034 & BEWINAANTH] pH 5%
FHeh, BT 30 °C. 180 r/min JRi% K555 24 h

JE B, ME 600 nm WOGE  FRALHE 3 IRE R .
1.3.4 fEhtE

Fie 1%L b G S oL I 1) FIAT-55034 &
FEROINA LB Ki 323k, NaCl sk & 2510
0.1%. 0.5%. 1%. 2%. 5%. 10%#1 20%, &
F 30 °C. 180 r/min #EW G 24 h SHGE, W
FE 600 nm WOGIE ., T 3 IRER .
1.4  FEIMEHKRXS A B R E R HEI(E R

£ LB ARG SR B AR PUR MR FIAT-
55034 FAR IS, 30 °C., 180 r/min #Ri% K555 2 d
Je BCHS o K i AR AN [R) 9 J L  HE AP T PDA 85
FRIEE, 28 °CH3R 5d, B S mL JLH /KRR
VERESE 5 d B[R IR LR, A 90 R R IR
(1.0x10° 4~/mL), B 2 mL EE#TETFRS
20 mL PDA JEFRFERST, FEHEER S, SRAFTAL
#rfTfL(EAE 6 mm), fIA 50 pL F5H0 R & B
(2.0x10® CFU/mL), 30 °C}%3% 48 h, R +F
L EMEMAEE ER. KR ER 3K,
1.5 HEMEHR LR EE KM
151 XMNELEKEHNF

1E LB RS IR 3 32 A FIAT-55034 TR
7% J5,30°C. 180 r/min 3537 2 d, B o 7E 50 mL
PDB ;i ## S fh— 1 em® K/NREL G B0
W, SR PRI 2% (R O H R i 3 AT bR
FIAT-55034 % £ (2.0x10° CFU/mL), 30 °C.
100 r/min J53% 7d, DA LB 553554 Sy vf I, W0
L 22 KORZS, 8 000 r/min 5.0 15 min, 2
PETHWR, WERZ, WTIRE. G044
3ANEKE,
1.5.2 WELESHEN

WAL SO TE PDA 359508 F RS,
BREHEAR, FHFTFLARHT 6 mm WPF & F PDA
BraR s g, AEILPIOEE RN B bR FIAT-55034,
DL LB Ki R 5B X B, 30 °CREFR 5 d I gs
T2 TR AR R L B I RS O, FERRIEGH 2 e
22 TR T WA T EIE A
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1.6 FEIMEERI RS R aHIHIEL
SRME

BUB & B, 70%R R &5,
RKIEGE 3 W, FHRE A ZAE B R R
5 6 mm ZEAT 3 11, B 6 mm ()48 S0 T I
FZG M L, 30 °CH53% 24 h G BCF B UF, T3
Pk FIAT-55034 & F##(2.0x10° CFU/mL)H 2 i1
20 min JGHGH, BT DL LB B53R AL 3 Xt
HE BN AREE 7 AL AR TR AR BEA AL B F 30 °C
iR 3d e, BRIMERRER ER. R0 3 A4
T o AR (Yo)=[ OfF HE SR 30 T R — Ak PSR 55 T
FE)/%F B8 SR B 1 AR )< 100, 3R B A F=n(d/2)?,
d RS IOR B EAR I
1.7 BIESGITS S

X F Microsoft Excel 2007 #E47i+5 FifE
B, e 8o 25 5 B 2k L DPS7.05 ARk
TR o AR 2= A

2 HERE4M

2.1 EHk FIAT-55034 UL ELER
2.1.1 FE7SYHIE

B bk FIAT-55034 7F LB £33 B2 48 h
Ja, BEFLA6, SE, R, HiEK

IR AT TR, 4k ik S A B 5L 1A).
PR SOWE LI, WIRREAR, REMNE—
JZIEME, FIARK/NHR(0.8%1.5) um—(2.0x2.5) um
(K 1B).
2.1.2 EIBENEFM

API 20E 2], Ttk FIAT-55034 f52
PR K I R B, AR ORI -2 LB |
T2 R R T . 1 2 R M R T R R TN 2 IR I 2
Wil S B, BRI AT EERR AR, AN E AL
SRS, IREGEFN V-P 3RI6 A M, BEOK AR B
e, REFI A A0S K I R, SRR FH RERE
HEgmE . WUEE . hAYEE . RS, AT
2% AR RBTRLA R R (R 1) APL 50CH ol
49 Fi/KALEY, Witk FIAT-55034 fef8 4 H
il D-BTHiABE . L-BTRLARE L ZBE . D- AR
L-ARWE . A M. TR, WUEE . R
FE . I ASEE . o-F O -D-R AR . N-Z BE-H
Wil . AT BRI LR MIBE. £
e M. RN FLRE. RENE . B ERE . WM.
JHBE AU I 8%, ASBeR A 4y 23 Fhiok ik &
YGER 2).
2.1.3 16S rRNA EEFF o

Ik FIAT-55034 5585 4k DL Sl 2 1

L 210000
i

1 um

1 E¥ FIAT-55034 BN E S SQA)ME S B)

Figure 1

Colony morphology (A) and cell morphology (B) of strain FJAT-55034.
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=1

Bk FJAT-55034 Y API 20E iR 1825

Table 1  API 20E results of strain FJAT-55034

Wi 2 Wi H EES
Item Result Item Result
VP JZ )% Voges-Proskauer test - Bz B L-arabinose -
RN % BRI % # Phenylalanine deaminase - H#& % Mannitol -
15 & R K f# i Arginine hydrolase + JILEE Inositol -
2 PR I #R 1i Lysine decarboxylase - AT Amygdalin -
AR FLWE - 2%} Melibiose -
O-Nitrophenyl-B-D-galactopyranoside enzyme

it & Hydrogen sulfide - W2 BE Glucose +
WAL Gelatin hydrolysis + 115 Sorbitol -
5, 5 i ¥R 1 Ornithine decarboxylase - FZ5B% Rhamnose -
JR E i} Urease - n5| 4 Indole -
FrEFRRER A A Sodium critrate + FEME Sucrose -
+: B — YR T

+: Positive; —: Negative. The same below.

&2 HEH FIAT-55034 9 API S0CH iR 4R

Table 2 API 50CH results of strain FJAT-55034

Wi 2R i H IR
Item Result Item Result
H Glycerol + Ml Saligenin +
IR Erythritol - 214 — H Cellobiose +
D-PiHi {14 p-arabinose + 72 ZFHE Maltose +
L-FAT A 4 L-arabinose + D-FIT 4 D-arabitol -
D-AME D-xylose + D-2K 3B D-lyxose -
L-AHH L-xylose + D-# —H# D-turanose -
B-FH JL-p-AMEFH B-methyl-D-xyloside - D-¥5A% Bl D-tagatose -
Pl 4<% Adonitol - D-# B D-fucose -
2L ZHH Galactose - L-Z B L-fucose -
2L ZL Ak Dulcitol - TEH Starch +
‘H #& B Mannitol + 8% Glycogen +
H # 8% Mannose + 5 Trehalose +
HL# Fructose + 3 B Inulin -
#% B Ribose + J¢JJH — K Gentiobiose +
HLEE Inositol + % M p-melibiose -
#i%9 M Glucose + i F-B Raffinose -
11134 FE Sorbitol + AN Xylitol -
LI1ZLHE Sorbose - FLB¥ Lactose +
FL 2B Rhamnose - 5 =k Melizitose -
a-H F&-p-H W a-methyl-D-mannose glycosides - HEHE Sucrose +
o-H B-D-HH BT a-methyl-D-glucoside + L-FT A% L-arabitol -
1R Esculin + TZEIBERREL Gluconate -
RESRTF Arbutin + 5-TASE -1 % P BR L S-keto-D-gluconate -
WA Amygdalin + 2-ili J - A HHER R 2-keto-D-gluconate -
N-Z.BE-#ij % N-acetylglucosamine +

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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FF# BCRC17467 147 5 A LI fe iy, 35 3
99.4%., WFH LAY 16S rRNA KK FF 51 #2528 5
GenBank ${#lifE, 5N ON567374, T
16S rRNA B[P IR HBILEWERFE LT
B, SR 2 s, Wk FIAT-55034 5 D13k
W ZF AT TR R — 1 o 2R HIE A FHIE
AR ARHIE M R G R BT EE R, bk
FJAT-55034 %7 2 DU 2 f AT 14 -
2.2 Bk FJAT-55034 BY4E K451
2.2.1 SR

PR FIAT-55034 (A KGRI 0-4 h,
ZJa BE AR R K (424 h), Bk KRG,
24 h 5 AFRE A KK 3).

222 REMEREE KNI

Bk FIAT-55034 7 20-50 °CHIfEM A= K,
Hof i AR KR A 30 °C, ODgoo {1 1.3 (K 4).
TR AR 5 T A T 52 P LA S5, HAE 50 °C
i) ODgoo fELH 0.5, 7E 10 °CH#) ODgoo fE M 0.1,
2.2.3 pH MHEMEE KK

itk FIAT-55034 76 pH 5.0-9.0 ¥ LIA:
K, wiEAK pH 7.0, H ODgo fH N 1.1, pH
E/NT 5.0 85 KT 9.0 R F| TiZE bRy 4 K
(l 5).
2.2.4 TEMME

NaCl ZINEH 0-5%M}, ZER e
A K, ZEARTRIN NaCl, 41 0.5%F1 1%

Bacillus cereus ATCC 14579 (NR074540)
Bacillus cereus CCM 2010 (NR115714)
S Bacillus thuringiensis 1AM 12077 (MK377087)
45|| Bacillus thuringiensis NBRC 101235 (NR112780)
Bacillus paranthracis MCCC 1A00395 (MK 182762)
Bacillus fungorum 17-SMS-01 (NR170494)
Bacillus albus MCCC 1A02146 (NR157729)
Bacillus clarus (MH918154)
Bacillus paramycoides MCCC 1A04098 (MK 183820)
Bacillus pseudomycoides JICM 12231 (LC107614)
sgr Bacillus pumilus NBRC 12092 (NR112637)

100 Bacillus australimaris MCCC 1A05787 (NR148787)
Bacillus australimaris MCCC 1A05787 (MT974568)
Bacillus velezensis FIAT-55034 (ON567374)

Bacillus velezensis BCRC 17467 (EF433407)
Bacillus velezensis NRRL B-41580 (KY694464)
Bacillus vallismortis DSM 11031 (NR024696)
Bacillus vallismortis NBRC 101236 (NR113994)
Bacillus subtilis JCM 1465 (NR113265)
Bacillus subtilis ATCC 6633 (AB018486)

37

41
60

100

99

60
78
0.005
2 ETF16S rRNA EEFFMENEK FIAT-55034 WARZ L EW 155 NF 5 WiZH Pk GenBank
BT BR0.005 AURIFFIMMZEE ;s IR s BT SRR, AR LA M i ] SRR
Figure 2 Phylogenetic trees of the strain FJAT-55034 and other Bacillus sp. strains. The serial number in
brackets is the GenBank accession number of the strain; The value of 0.005 represents the sequence deviation

value; The number of internal nodes is support value, which represents the reliability of the branch structure.
The same below.
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8§ 10 12 24 26 28

2 4 6
Cultural time (h)

& 3 Bk FIAT-55034 B4 K%k

Growth curve of strain FJAT-55034.

Figure 3

1.60 -
1.40 L a
1.20 L
1.00 | b
0.80 b
0.60 L d

0.40 |
020}
0.00 L3, J . ‘ .

10 20 30 40 50
Temperature (°C)
4 SEENERE FIAT-55034 £ KA AN[H
INE R R AN [A] b 3] 45 2R 22 57 I 2 (P<0.05).
TR
Figure 4 Effect of temperature on the growth of
strain FJAT-55034. Different lowercase letters

represent  significant  difference among the
treatments (P<0.05). The same below.

OD(:(]U
o

1.40
1.20 | a
1.00 |
0.80
0.60 |
0.40 | b

020 ’—h
b b
0.00 L= o — . : : :

1.0 3.0 5.0 70 9.0 EO
pH
5 pH {EXTE#k FIAT-55034 4K AN
Figure 5 Effect of pH value on the growth of the
strain FJAT-55034.

oD, 600

NaCl i #EP AR LB EZES, H ODggy
H 54 1.4, 1.3 F1 1.4, NaCl B HE 5T 10%
BEAS ) F 32 B AR AR K (B 6)
2.3 FEHE FIAT-55034 AL

PRI AR FIAT-55034 X} 6 Ffios J5E 24 1 1) ELA 5047
FIARIVERT, B EAAJEREN 19.8-29.1 mm
(B 7)o SRR XS BLHE SO TR A 00 4 F SR g
B AR 29.1 mm; XA B IR0 B (9 30
W B RN, M 19.8 mm,
2.4 FEtk FIAT-55034 B OUREE K
A
241 XSEKEHEME

BIRE FIAT-55034 AT LLBH I 30 B 48 S0
W22 A K (& 8). TRtk FIAT-55034 b4
MR THE N 03 g, BEMTXEAMN 1.5g,
HXFRL AL S0 B T 22 45 K PR 77.2%
242 WEARSHIFEN

kR FIAT-55034 FNEL4E S0 T X IR 15 57
5d 5, XA R 2Z KA AR (E 9A), T
Pk FTAT-55034 A 3 25 (%) T 22 W i il o ik AR K
( 9B). HUli 2 1 B 2230047 0 S s W4 % 2L -
XTHRAH R 22 A, T JCRE K (B 9C); AbFEZ
PRI 2220, T K 22 iR (B 9D).

1.80
1.60 +

1.40 |
1.20 B

oo
5
==
=l
=5
o

0.20 ¢ ¢

0.00 . . L L . P s O s Y
00 01 05 1.0 20 50 10.0 20.0
NaCl concentration (%o)

6 NaCl 3t E#k FIAT-55034 4 KAI$ 0D
Figure 6 Effect of NaCl on the growth of the
strain FJAT-55034.
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35.00 -
30.00
25.00
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Valsa mali var. Alternaria Botryosphaeria  Colletotrichum  Lasiodiplodia  Colletotrichum
pyri alternata dothidea Sfructicola theobromae acutatum
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7 B FIAT-55034 Xt 7[5 R B & O #61E F
Figure 7 Inhibition effects of strain FJAT-55034 on different fungi.

&l 8 EFk FJAT-55034 SR AURE R 22 E KN A KR4 B: AbFE4H

Figure 8 Effect of strain FJAT-55034 on mycelial growth of Botryosphaeria dothidea. A: Control group.
B: Treatment group.

&9 E#k FJAT-55034 3R QRE 242 7SHI=M AL C: XHHR4H. B, D: AbHiZ

Figure 9 The growth of the mycilium of Botryosphaeria dothidea treated with bacterial strain FTAT-55034.
A, C: Control group. B, D: Treatment group.
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2.5 Mtk FIAT-55034 TR UHFRY B
FOEMIEAESES

A3 dJE, X IR AR BE E A 13.8 mm,
AL BE A% 8.5 mm, M 2E AR (R 3
TP 10); $5Fh 5d Jm, X BE4 A4 i 1E 3 2F
K, WWHEEZS N 27.4, 33.7 A1 39.8 mm;
177 Ak B 295 i TR A A 32 B R R I P, T
EEARN 160, 20.6 Al 25.0 mm, FHkE
FJAT-55034 Xf 24 46 2800 B8 /Y 30 1 28 43 51
66.0%. 62.6%F1 60.4%.

3 WREER

DUSREST ZE AT B DR HL A TOBR B L R A AT
JURE BT E M L R AR SRR, AR
HEAUE A A H 25121, Mosela 257215 B3k
5 DUSEHT 2EAUAT I 03 AR TR AR G it
DUSEHTZE AR SDTBO38 X 25 i S48 1 7 Jig
o5 FIVRR S 995 25 45 S G A B I R 10 HL H AT
SEBR LR, DU ZE AT R 5 22 B A
S BEFUKREZREZE W, THE
R 4 A B O i S e A B RO P, TR

R 3  EFk FIAT-55034 3F 548 405K B9 #0250 R
Table 3 The inhibition effect of FJAT-55034 strain
on pear ring rot

BRI B E AR EEIES
Cultural  Lesion dimeter (mm) Inhibition
time (d)  AbFERLL X HEZH rates (%)
Treatment group  Control group

3 8.5+1.3a 13.8+1.9a 62.0

4 11.842.1a 20.2+2.5a 65.9

5 16.0+2.3a 27.4+2.6b 66.0

6 20.6+2.6a 33.7+3.3b 62.6

7 25.0+2.6a 39.843.1b 60.4

ARV FREARF R R Ab B R 45 50 2% 5 (i 25 (P<0.05)
Different lowercase letters represent significant difference
among the treatments (P<0.05).

18 V) E 5y B B 2 PR I I 5 1 TR PR U
N R G ORI 3 R e
FIAT-55034 7£ 20-50 °C (Fi&iE 30 °C)F
pH 5.0-9.0 (fi&i pH {H 7.0)XEEMS LK, AT
MR T 45 9 5 P PR AL, At AT & B
SEHTZERAT I LFOL PR AR A9 50l A KR N
30 °C, i pH 7.0, {H 54l 5P i 53 45 51
BERRE, AT 50 2 #k DS ZE A 3 i
AR IR YN 31 °C, o A K pH (I R 5.5

FIAT-55034

10 BE#k FJAT-55034 X4 4Um BT B oI HNHI1ER

Figure 10

Inhibitory effect of strain FJAT-55034 on pear ring rot lesion expansion.
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AN 7] 1) D1 3907 28 60 TR A K 1) e v YR B A TR
], DIZEHTZEAUFTE LFO1 B bkt KR
37 °C®V i B AT 4 B A UL SE T 2F A FF R
FIAT-55034 X /&5 il 55 1 A 32 1 B3, 50 °C4%
TR ALK, HiZFEHAE NaCl iy
0-5%H ¥R i ar AR K, (RMREETH AT, B K
TN R R BR S P PO S T 2F AT R
SW5 £ NaCl ik~ 0-5 g/100 mL B g4
K BE 5L F T, 5-20 g/100 mL B A K ek 3
SRR R SR DU ZE AT 1 LFO1 X4k 1)
Mif 2 PR A2 55, HEEERE A 5%, ik,
FEHT UL S ZE AT B FIAT-55034 T /&5 il . i £k
B, A ERAE R R E I I 5 1 TR AR A TR IR

Bl A TG A P, AT BT e 4 A
(14 5 SR R A B P4, Ak 2 A 2 1 A R R G
AL S T T ek B ™ L DRI B R
AR5 Y 007 G R A RO M4 G
Bk BR R IR 358 A0 16 B A W R R R R R A7 31
W, BN E bR e 2 42 S E 5 PO ARBIFSE 43
AR —ARFE BT U SE B ZEHIAT AT FIAT-55034,
XF 6 iy UL AR T I R 38 EL A A s 1 4 i
VERT, AT kg SRS B TR 99 3 7 ¥ 1O 2 0 T 790
RARHERTGEIR , HAT B N T S o X R bR
AP B A S0 22 AR K, B 3Rk )
77.2%, HREW A R0 i B SL5E SUR BE 1
J&, MR A 66.0%, = T L ZE AT sf628
(A U oy B R OGTF DL S 2 AT TR A
F AL GO By iR 7 TR UL AGE Sy b 3L =l
AR FH, v 5 T N ) A 25 R0 R IX A /)
DX 36 RN R FH R VI, B e LA 35 38 o7 4 0 B
L

A B H R S B 22 A K, X 2245 3L
W RCR T bk FIAT-55034 b B B BL4 200
22 AR, TR R Rk, X —25 RS
b4 MR B T Al IR — 0 TR AE P 4

B A B, 25 VS 2R/ i KT
HHRILEE SRS, MR ERZ AR TIESSk
Al BESE R, DR 2R AR AT v 3 2l
FESEPUR A . HREY ARG Y.
AERBER R ER . SRS e 5l
A SE L S A B 1000, R L o 0 R A
FIAT-55034 1R W] G 12 = A 3 26 3 P 4 s 41
AR SO WA, HEAR M EILR A it
—HRAGE

ZrLPTER, DUSEH 2R AT IR FIAT-55034 X
L B0 o HLA BRI, A A AL
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