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B OE. [F%]) 2 KIERL 83 KIE R E (Erwinia amylovora)i| A A MR E, sFFER. F. 0
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Screening of antagonistic bacteria against Erwinia amylovora and
its control effect in greenhouse

LU Yanhong' HAO Jinhui' LUO Ming> HUANG Wei’ SHENG Qiang’
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Abstract: [Background] Fire blight is a bacterial disease caused by Erwinia amylovora, which is harmful
to more than 220 plants belonging to more than 40 genera, such as apple, pear, hawthorn and so on. In
recent years, fire blight has occurred in many countries, including central Asian countries. E. amylovora
has become an extremely high risk microorganism for China, especially for Xinjiang. Fire blight has been
listed in the list of first class crop diseases and pests by the Ministry of Agriculture and Rural Areas of
China. [Objective] To screen the antagonistic strains of Erwinia amylovora from Xinjiang and improve
the ability of Korla fragrant pear to resist the risk of fire blight. [Methods] The antagonistic strains were
isolated from the soil of pear orchard and the bacteria stored in laboratory by confrontation plate method.
The strains were preliminarily identified by physiological characteristics analysis as well as 16S rRNA
gene sequencing, and the antibacterial effect was rescreened by Oxford cup diffusion method. The control
effects were tested on two-year-old potted Pyrus betulaefolia seedlings in greenhouse. [Results] Eleven
antagonistic strains were obtained, all of which were Gram positive. Nine of them were Bacillus and two
were Lactobacillus. The results of confrontation plate experiment showed that Bacillus velezensis JE7,
Lactobacillus plantarum LP1 and Lactobacillus plantarum LP2 had strong antagonistic effect, followed by
Bacillus velezensis JE4. The control effects showed that Bacillus velezensis JE4 had the best prevention
effect in greenhouse, which reached 73%. The physiological characteristics was showed that JE4 and JE7
could tolerate 1%—7% NaCl and could grow at pH 4.0-9.0; LP1 could tolerate 1%—9% NaCl and could
grow better at pH 5.0-9.0. [Conclusion] A batch of bacteria against Erwinia amylovora were screened and
obtained. Some of the antagonistic strains had significant control effect in greenhouse and strong
saline-alkali tolerance.

Keywords: fire blight, antagonistic bacteria, screening, control effect
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ARG T AR, o 4 BREEHERD T AR R
S, BRI XE. amylovora LAT FEHiAE AT,
Mikicinski 5 MR- B 73 B H X B CREM T A BT
M Pseudomonas graminis 49M, FLA B R R AE 52
I 58 PR 58 5200 rP 0 T R Ml 2R B TR 2GR T
(Pseudomonas fluorescens) A506, 1] ik 2| 545 K E
el E M S PN PN T Phe P s et vt b
TR, AR TR KRB o SantanderSEAF
FERW], BLIRERREIT LAMSAAR ZR 1] EAEHE,
I, TIEREIE TR AL I e R A R A

AWIFEES ORI R ) e R By
SER AU DR TSR L, DA T B KR TR 5 BT
FRI T 16 K it 2 A BITRSIE , S A I A= Bl R T K
SR BT, LIRS BL K e 28 5 WU, U
SR AUMISER A ATHFEE K R B SR

1 RS
1.1 ##

I3 JELEE « ALK Ea 0017 HB s A4S
B R Sy AR AR AR

M ERE A . SRTIBEHLECRERETTY, Mo e
FERE . R h . A BTN A X A el 4 4 (-
B2 5-20 cm)RAE, RIF HHERES 100 107 o

it 3 B K
(MW082825) .
(MW082826) .
(MH094118)
(MHO094119). Bacillus subtilis BS-2 (MH094129) .
Bacillus licheniformis WS-6 (MH094127) M 5252 2,
AU, AT E A HTH AR iR RIS IR A

T 5 BRI AR AR A IR E - 52 S IR T WL 41 o 3%
Tr A R £ 20 T 15 R 21

B BE (Nutrient Agar, NA)RGFRIE | BEFFEN
Vi (Nutrient Broth, NB)}iF#%k . MRSH AR FR AL
MRSEUIEE TR . TR &5, b R 4 Y4
RERTALA ;s 514, ANTPs, Taghif A,
A AR TR (i) By A PR ] 5 DNAJE R $2H

Lactobacillus plantarum LP1
Lactobacillus  plantarum LP2
Lactobacillus  plantarum Rl

Lactobacillus  plantarum  R7

% (Fungal/Bacterial DNA Miniprep' ™ D6005) ,
Zymo Research’/A A

G H SR R R G KA, JER TR —4E
PIRHEABR A R PCRAY, BuieE H RS B4 B
25l
1.2 A%
1.2.1 HEMEBHTE

373 DL A 110 9 A < K T R R R P N ASEAI
28 °CLMF T HEFE 12 h, FRBUAEE AT 30 mL
TCWNBIE AL 23, 28 °C. 160 r/minfa i HE IR
s gR 12 W) BRERREE 1070, B 100 pLig A
NAF-H o

WIS E RS WH A P 100 pLFL#R
PR IRATMRS A, B 1 30 °CHEFRFE R 7% 24 h,
PR PRI 2 TMRSYAR, BT 30 °CH R4 1S
3% 24 W .

TN B BRI S g R HERE S BT
A 50 mLICEHZKI =T, 30 °C. 160 r/minfH
IR R FE 30 min, BEEERRRRZE 107, 10779, By
100 WL A 25 A7 R A INAEHi, 30 °CAHF T 1S
Fr 24 b, X 77 A P B R4 TR R — 2R Rl A i A 7
afifb 5
122 HENEER

TR TSP A o e 9 2 e A 07 345 0 4 B B R A T
TR E PER I, FABREANT « PRECS PR S
P ETIRAGT 7100 pLA U (10° CFU/UL)INA
AR (FLIR I T RE 7R 3 172 NA+1/2 MRS),
M a5 4 MRASHUIA, RSP E R RN 3 HoPaR,
28 °CHiFRE5FF 48-72 h, IR Bl AR RN B TE EL
17, AW B S HTE B tER R ERE S .

K FH2E HERR T 0 P 0 0 3 A R A P
PEAF AR, AR I T T A R RCR, ELA R
YEIR . 7EIRAE 100 uLjg 5% (10° CFU/uL)FINA
S R 2 AN TCEE AR A . BRI AR
FEPUR R FNBIR AR 52 5 b, L= O AT i
YIRS AL S SR TMRSHA RS 32 2L, 30 °C,
160 r/minfE {5557 12 h, B mL&BER T 12 000 r/min
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B0 25 min, BRI 200 uLhn AR, 28 °C
g% 48-72 h, MR ER, LUNREERA
TN RE
123 HEMENSELE

e T = 4 R0 bl 32 45 e o 4 b 1 A N B SR
B, 30 °CH5FR 12-24 he PR T P& 3 Fl
MNP WIAEE SR AL, H59% 12-24 h, RTHE
[ ZH DNA$E O G P2 UL 41 DNA . DA
ZHDNA N, FHZHE 16S rRNAKE R 514
27F (5-AGAGTTTGATCCTGGCTCAG-3")F1 1492R
(5'-CGGTTACCTTGTTACGACTTC-3") 4 7PCRY"
# PCRIZWMAKZ (50 pL)?”: HiFzDNA 2 L,
10xBuffer (7% 2.5 mmol/L Mg*") 25 pL, Taq% &l
(5 U/uL) 1 uL, dNTPs (10 mmol/L) 4 uL, 27FFl
1492R (10 pmol/L)%% 1 uL, ddH,0%k & 50 uL. PCR
FW 452 95 °C 5 min; 95 °C 30,57 °C 40's, 72 °C
1.5 min, 30 MMEH; 72 °C 5 min, PCRY =4
2 1% NGRSO RIKR I 5, XA TAY TR
(B A BRA R AT Y . Irig e sle g =
NCBIEHRZE T TBLASTHN, HHIf L R 5,
FFAMEGA 7.0 BT R Gk & b
1.24 HEHENERKISMENE

PAAZ [G L vk oy 2 B 45 0.5 22 IR bL ik A T
T, LA A PR Tl A o A A PR AR AR I A o S IR
DA 2R 48 558 T ) P R CIAZAS FR A0 B 2 8 )
HEFFI s

P R TR 7 45 T T JC TR 52 4 I8 JC AL il A T 45
FRAE(RERRER AN A 72 5, 30 °CHY SR 7 A WLER
A5 TCHHE B R iRIR B %) B

TE G B R B A 5T I AR KRk
BRI AT . PRBCATRVEEEFD 2 30 mLAH R4
R, 32°C, 160 r/mindf 35 12 WMERFFH
FLIR TR HIMRSHEF5 B4 Sl IR AL, HAth 4541
PR HINBYR I 5L R S 2 5, 70 il B AN R A
pHIE(3.0. 40, 50, 6.0, 7.0, 8.0, 9.0). A[FNaCl
(1%, 3%, 5%, 7%. 9%)KRHAREFEEE 50 mLAf,
B 1 mLAP A 50 mLXT W AR Fi AL,
32°C. 160 r/mind%3: 14 5 I5E ODegoo

125 HiEERKEENE

PRHLAS DA RE R TR VE H2F0 2 30 mL NBIR ARG 57
FEPFURE M R 30 mL MRSHIAR; FR3EH),
32 °C, 160 r/mink5 3% 12 WERFFI, B 1 mLFf
TR ZE 100 mLAHRN AR FRIES, 32 °C.
160 r/mindfi 7%, HAWMEL M 3, HH2h
B 4 mLEE R E HODgoo 167, 4 ODgo {ETE
0.1-0.8 ZZ[1], Ml 7 K 3fe LAF BEAE R e 28 45
1.2.6 ERXPBHBNE

FRAR T UL B - XoF 2 AF AR A AR AT B AL £ - [R]
AT AR AL B

TE U PSR B A TR L 6 2 AR Z kit
B FIREN, R EEEFE I TR RO E o ¥
I3 B AT L B TR 0 0 PR IR AR B PR P R T 30 mL
NBif A5 75 2L, 28 °C. 160 r/mind&i% 5555 12 hiE
KRR, BT mLAP R T 300 mL NBig &
REFREL, 28 °C. 160 r/mindR %15 12 WG TG
JT TR AP TSN, I8 B CK,

WY AL . AT OB PO R OB R B
(2x10® CFU/mL) 300 mL, 3 dJF Mo i & Ik
300 mL (2x10* CFU/mL).

TR . BAEWEREIEE R
(2x10° CFU/mL) 300 mL, 3 dJi £t 5 3
300 mL (2x10* CFU/mL).

CK : 45325 Wi J5 34 2% IR (2% 10° CFU/mL)
300 mL, 3 dfF¥é7K 300 mL.

SR E N AT, B EE 10 AL R
A Ji SR LA A 3 25 FR 1 3 d o BT B A AT B R
KB R BURIERR,, B — TSI W
BERKE<13 K&K E, PR 1 9 13 K&K
JE<NBEK BE<2/3 B KEE, i 3 % RBEK
JE>2/3 KK, ol 5 U e R ARG
o1 8 B5OR B 551
T TE E0(%) =
> (AL FRAS SR < %I )

AP EAEL < 5 (B i R)
CK TR ¥ — S BREAR AL
CKIiTETR %L

x100;

B3 % (%) = 100,
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SLERSEEE, TSI A, A A, B
etk BRFEIL, REFRI . iR S R R A
KA, BT AL S BRI 22 IR0R A 3
1.3 HiEH

B R FH SPSSHR A 12: 47 B0 K 28 5 25 3 A Hh Y
Duncanit 17 i & PE 50 Hr, Excel 2019 il &,
MEGA 7.0 S R G R BN o

2 HR54H
2.1 HEREHSBESiE

T IERAEY 3B SR P ARONH IRE VR DK 95 A
BUBIAR X A HAE S R L AR AR 36 RXT AL K e
W EA U E R

K AT IRE X 3 36 R4S B 10 1 AE
PEATRIGE , LA B AR (D) 5 TR 1 B AR (d) L
(DI RFORTEBURMERE ST, S5R39 bRk
PUSCRAR B (D/d>1.70) LR 2 B BR, il 44 0
JEI-JE9, #5533 1| fow, SEERFTRAFH 9 B
FETR 0 Y PR T 2 B R AR . e
JE7 WA E i, WA EA2 AT 19 mm, D/d
{0 3.53; HRCNIE4. JE6 MIJEL, D/IAESH R
3.33., 3.17., 3.00; JE2. JE3. JE5. JES. JE9
PE EARAE 13.00-18.50 mmZ[a], D/dEIIKT
1.70. FLER A AR AT IR 230 25 S R W], LR TE
1/2 NA+1/2 MRS EANRBIER A K, Ky=A 0 B 45
FUBCR, DRt S0 S T R o R P A AR
AT I

1E BCIEL-JE9 o 1 T A A8 0 1) 45 Bt 1|
(D/d >2.40) JE1, JE3. JE4, JE6, JE7 MSLH=
AR 2 RALBRH (534 ar 4 WLP1 FILP2), RH]
AR R O X TR R R IR VD DO 4R A T A2 0
RSS2 PN, AT B R B HIWT R BRI
PR . Horp, HHORIEMEPURIET ML=
EAFLERFLPL, LP2 MR e, 5P
A5 29.33, 27.33. 26.33 mm; K NIE4,
MW EARA 2033 mm; HABRERINERRE I
WRHIB6>JEI>JE3 ., BB IR & BRI i AL K i
SR ZE LA 1 FR

F1 HERBENERFEGER
Table 1 Preliminary screening result of antagonistic
Erwinia amylovora strains

Strain No. D/d

JEI 3.00+0.25b
JE2 1.83+0.11d
JE3 2.40+0.20c
JE4 3.33+0.38ab
JES 1.74+0.17d
JE6 3.17+0.38ab
JE7 3.53+0.31a
JES8 1.78+0.11d
JE9 2.14£0.13¢c

H: DRI HAR; dIORBTE AR DIdERKRHEEH
YEFRBGR . R B3R 7R 22 57 1B 3 (P<0.05)
Note: D is the diameter of inhibition zone; d is colony diameter;

The greater the D/d value, the stronger the antagonism. Different
letters indicate significant difference (P<0.05)

*2 ENEABANREAEFENNEEER
Table 2 The diameter of inhibition zone produced by

antagonistic fermentation broth against Erwinia
amylovora

Btk = e HAR

Strain No. Diameter of inhibition zone (mm)

JE1 15.67+1.53cd

JE3 13.33+2.08d

JE4 20.33+£2.52b

JE6 16.67+1.53¢

JE7 29.33+0.58a

LP1 27.33+1.15a

LP2 26.33+1.53a

e A FEEERR 25 03 (P<0.05)
Note: The different letter means significant difference (P<0.05)

El1 FMAFERBERERNEIRAERESR

Figure 1 Partial antagonistic fermentation broth against
Erwinia amylovora

HH: A: JE7; B: ZLP1, HLP2

Note: A: JE7; B: LP1 left, LP2 right
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22 HEMEWMIELEE

X _EIRFEHTRCR AT 11 R 20 51 3 OEE D
ZHDNABEAT 16S rRNAKED 3430 1y . 2RA5 T
BRI S 2C ENCBUESHE E B4 7 Huxt, A 2k (R
ST, S A AL f s R TR R T 5 A A R
GRER . GPREN, FrRRY 11 BRESHUR 530 IH
J& T EERER 10 2 N, WKl 2 o, 3
W, 9 MR ZEREAT B R (Bacillus), 4350k D3R 2F
il ¥F & (Bacillus velezensis) . fi# V€ ¥y 2 M FF 7

Mr, Z5RINFE 3 FR, 11 BRESPURE I N 22 G
PETE , Y07 R F D445 % L #2 At i 22 PR, T 4
TR . Bfb SR IR S A YE, EXT R 2
WL ORI HEEmMAREE—EE£5. I
&b, BRLP1 FILP2 4b, 9 bR ZEMOAT B 3w A1 HL-F]
iAess, i ELA RSB . KRR . BRI B
55 . VPIRIRAF L s R R M. B 11 PR HL
FITCWE . AR

X TR PUSCR B TES . JET I LP1 AR K A4F

PEVEAT oM, S5SRAE 3 Bk, NaClikEE flpHiif
ZIGEERRI , JE4 FENaCIRE N 1%-7%. pH
fH5 5.0-8.0 BFA K R4F; JE7 7ENaCl¥k &N
1%—5%. pH{E N 4.0-8.0 I 4E K B 4F; LP1 7ENaCl
WP R 1%—5% . pHIE A 5.0-9.0 A4 K B if

(Bacillus amyloliquefaciens) F1 % k& 2% Zf Jg #F &
(Paenibacillus polymyxa) ; 2 ¥k Ry # ¥ FL #F
(Lactobacillus plantarum).
23 HinEEKFHESNE

X EIR 11 BRSSP 09 A B AR AT O3

771 JE3 (MW082819)
JE5 (MW082821)
Bacillus velezensis CR-502" (AY603658)
JE1 (MW082817)
JE4 (MW082820)
JE6 (MW082822)
JE7 (MW082823)
~ JE2 (MWO082818)
96 | Paenibacillus polymyxa ATCC 8427 (AFOX01000032)
| JE9 (KUS63771.1)
51 —— Bacillus aerius 24K" (AJ831843)
9 Bacillus amyloliquefaciens DSM 7" (FN597644)

99 | JE8 (MW082824)

56! Bacillus siamensis KCTC3613" (AJVF01000043)
Lactobacillus plantarum DSM 14917" (ACGZ01000098)
99 [LPI (MW082825)

93 'LP2 (MW082826)

Acidianus ambivalens DSM 3772" (D85506)

83

99

66

A
0.5

2 ETF 16S rRNAREFIMENEMERFELXER

Figure 2 Phylogenetic tree of antagonist bacteria based on 16S rRNA gene sequences

TE: TR R 3K BT MBootstrapfE, R E R G HEERIT L 1 000 RIHESGZ TSI E A, HEIR KT 50%
HIME ;355 EUE N GenBank B 5k 55 A5 0.5 142 50%H 16S rRNAZEN 751 it b 22 57

Note: " is the model strain; The bootstrap values (%) presented at the branches were calculated from 1 000 replications, only showing
bootstrap values higher than 50%. Numbers in parentheses are GenBank accession numbers; The scale bar 0.5 represents 50%
evolutionary variation in the 16S rRNA gene sequence
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Table 3 Physiological and biochemical characteristics of antagonistic bacteria

DR FE AR JE1 JE2 JE3 JE4 JES JE6 JE7 JE8 JE9 LP1  LP2
Identification index

D-4j % B D-glucose + + + + + + + + + + i
L-Bi i {A 4 L-arabinose + + % 4+ + + 4 i o _ _
BA e Ak 2 i Liquefy glutin + + + + + + + 4 + - _
fil§ iR h A JFNitrate reduction + + + + + + + + 4 - -
Hi 22 [Q Y4 5,Gram stain + + + + ¥ + 4 o o
& A i 52 V. Contact enzyme test + + + + 4+ + + + +
JEM) K fif Starch hydrolysis + + + + + 4+ 4+ + 4 _ _
VP + + + + + + + + + - =
Ak FOxidase = = - - - _ _ _ _ _ _
ik S H,S production test = = = - - _ _ _ _ _ _
A5 56 Indole test - - _ _ _ _ _ _ _ _ _
fl#=HiRhamnose + + = = = - - - + _ _
FIE4T Methyl red + + = = - - — - _ 4 _
H 22 FEMannitol + 4 4 4 4+ + 4 4 + + _
fit4 Dissolving potassium = = - - = - = - - — _
A iDissolving phosphate = = - — _ _ _ _ _ _ _
W o+ B - B
Note: +: Positive; —: Negative
A 25¢ B ap-
. OJE4 OJE7 @LP1 O JE4 OJE7 B LP1
20F - 25F -
s 15k, _ - : 2.0
S 1o} F [ Sl
] . 1.0
05t ol H H H HH
0.0 F‘ﬂ|+| = 0.0 Lome [l [
1 3 5 7 9 3.0 4.0 5.0 6.0 7.0 8.0 9.0
NaCl concentration (%) pH
El 3 NaCLREMpHEX EHEE KRN
Figure 3 The effect of NaCl concentration and pH on the growth of strains
24 HEWEREKHLZ T, {HIE4 7€ 2-4 hAIERA KM, 4-10 hyxi4k

Xt TSP BCIR IE4 . JE7, LP1 #F47 3K, 10-16 hhfaail, 16-22 h iR,
AR E, SRINE 4 iR, LIRESRE JET 7£ 0-6 hWIERAKE, 6-16 X HAEK
W, 3 MRISPIRAE KM b miE AZER B, 18-20 A RRE M, 20-22 holy3giR M,
AR HOE K, R AR MR EAE 2.5 BRHBENEABSIE
FEXG . LP1 7E 2-10 KA SERA KB, 10-12 b X TS PUSCR R I JE4 . JE7 X LP1 FiR=E
MEOGKI, 12-18 A KRER, 18-22 hoy  WHHTRIAEEE:, 4RE 4 s, 458%M], I
iR, JE4 FUET AKMi&ny B i SR MATRIES Bidcmt, fRIP B 0AT 35
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- JE4 JE7 LP1

o
(=]
T

5.0F TN
s 40t Lo
8 30f

20f :
1ﬂ—£{/*/*/F4*1 4y
0.0 L

B T
€ 1
2 4 6 8 10 12 14 16 18 20 22
¢ (h)

4 FREREKHLZ

Figure 4 The growth curve of antagonistic bacteria

x4 BREFYNESER
Table 4 The results of control effect in greenhouse

Qb PR Jr 4 £ Bii%k
Efficacy (%)

Treatment Disease index (%)
CK 88.66+3.5a

(The total number of
branches 68)
JE4 protected

22.9£1.0e 74.17+4.5a

(The total number of
branches 48)
JE7 protected

36.5+4.4d 58.83+2.4bc

(The total number of
branches 40)
LP1 protected

45.2+1.7¢c 49.02+4.5d

(The total number of
branches 125)
JE4 remedy

(The total number of
branches 34)
JE7 remedy

(The total number of
branches 44)
LP1 remedy

(The total number of
branches 96)

23.7£1.3e 73.26+5.7a

40.6+8.8cd

54.21£3.1cd

64.6+3.3b 38.41+8.8b

e AN FER R 25 B3 (P<0.05)
Note: The different letter means significant difference (£<0.05)

74%, WITRIBTRLAT K 73%; LP1 Biskdds, f#
RUBHACR 49% , IRI7BIBTRCN 38%. 3 BRIA RS
RO TIRIT AL,
3 WikE4w

AR IR R TR A . AR 2
JUFNER B BT By, P RAS BTN A I R AR
YWy 6 B R A AR i F B4 . Stockwell 555K

H S A1Z B (Pantoea agglomerans) Eh252 XA K
WIEATBIG , R TR E T iR Sy
LR T X E. amylovoral i @ 5C R 2!, (A 7E F
Hh el TS TR BCR I B B, El-Gooranids i 7E 5%
B E L 5 BRAE AR XS IR SE B X E. amylovora
B RSB ARG B 2 MO, (R A EAE AR 7 2%
0 B X D R R L I S el
UL, A= B5 T HH [E)s FAOCR 5 PR S5 PR B U A O
FEPUR R B SC R Y o PR IE AT AP paE i, 6B
TE L gErhEUEW A FAAE IR KR B, A g
O3 RAEILT AR o B i b b SR Y o i T
X, SEHPERPT R . ST TR
S Y5 I BRI A B TR RO HE RS2 R 2R . LM
AR S HE DL BRI DX 3 Ry bAORE A T A 0 R
e, DR AEPURE PR IE R, AT S b
PR T o A BT DA 358 v i 2 3R A5 B 3 Bt
PR EA TSRO0 I SR I, JE7 . LP1 54T 8CR i
£, “HLRBEES, JE4 8RR ; RAMEHK
KB VAT BRI 2 BF, JE4 Bk tE, JE7T IR
Z, LPl Bisliie2s o M) FLAT AR 7E VARG IRE o 4t
PUSCRIAE, SR LI RERN I By R A0 I 2%, 4
A RS AH W) LA B TE - 998 vho B RR AN 4 DTS Bt
ZEREFF IR SR, R AR ) FLAT R RT BB AN IS A B it
AT 3, Sehrd b, a] LA A Y S
PR R sy AR R AR AT, DU 2 AT
K IEREAR Ty A TR . 38, TR
BEZHREmW, B—WARCR AN 56
FIRBCRAER . I, 7EE s, &
P EAE R I

| IERZ R TR, AR b
P NaCIvk i FIpHAE TN 52 e IR 25 R B, 3 Bk
P A B i ER ORI SZ e ), AR B B+
e ELAG s 3 Wk

ZHCR AR BRI A R BRI BB AL
BT iayr By, KRR ATHRT H s a YT
AR B, 78 HERRIGE S, A LU
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