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xiangli’ pear trees were used as experimental materials, we obtained endophytic bacteria strains and cul-
ture colonies with the method of endophytic bacteria isolation in plant tissues. The bacteria with bacterio-
static effect on Erwinia amylovora, Pseudomonas syringae pv. syringae and Valsa mali var. pyri were
screened by plate confrontation culture and re-screening of fermentation broth., We tested the control effect
of antagonistic strains against pear fire blight by spraying ‘Kuerlexiangli” pear inflorescences in vitro and
potted birch pear seedlings, in order to explore the biocontrol resources of endophytic bacteria and lay a
foundation for exploring the biological control ways of pear diseases. The results showed the following:
(1) a total of 337 endophytic bacterial strains were isolated from branches, leaves, flowers and fruit tis-
sues of ‘Kuerlexiangli” pear, of which 14 strains had obvious bacteriostatic activity. 8, 9 and 4 strains of
bacteria with bacteriostatic effect on E. amylovora, P. syringae pv. syringae and V. mali var. pyri
were further screened. Among them, ZN5, SN19 and HN9 strains had antagonistic effect on P. syringae
pv. syringae and V. mali var. pyri pathogen, while HN89 strain showed potent bacteriostatic effect on
three kinds of pathogens. A total of 7 strains (SN37, HN89, HN98, HN143, HN126, TN68 and TN16)
with bacteriostatic effect against E. amylovora and competitive strains TN50 were screened. (2) The pre-
treatment (spraying) of endophytic strain TN50 had a significant effect on preventing flower rot of ‘Kuer-
lexiangli’ pear, and its control effect (52.36%) was similar in agricultural streptomycin (60. 67%); fol-
lowed by HN89(39. 66%). The pretreatment (spraying) of endophytic strains TN50, HN89 and SN37
could significantly reduce the branch withering rate and disease index of potted birch pear seedlings (P <<
0.05). The average protective control effect of 7~15 d was 67.20%, 54.32% and 45.91%, respectively,
and the therapeutic control effect was 63.88% , 52.10% and 36.17 %, respectively. (3) Based on the mor-
phological characteristics and 16S DNA sequence, TN50, HN89 and SN37 were identified as Klebsiella
sp. » Paenibacillus sp. and Pseudomonas sp. , respectively.
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A SN37 .HNS89 Fil HN143; A= # TN50 i Bk £ 9%
T A B AE R i b S 7 A A P T O R A
555 I T A 5% 5 AR KRR PR, S 4 BE T OR L BB AE
24 h 3 AL 5 D R TR L UK AR S Ak 0 2
B 185 0 B AR o Ok LR R 0 TR A0 0 T R e A TR
B 242 >4 mm) 1A SN16,HN89,ZN5 F1 HN30,
Xof BRI I 5 T H4) A R A T T O T B R AR > 5
mm) [ kS HN89,ZN5,SN19 Al HN9 H#itk, ZN5,

ERNEREE/RY 3 MREFHNEERNELSR

The results of antagonistic activity of the endophytic bacterial strains from

Kuerlexiangli against three phytopathogens

HE B 212 Antibacterial circle radius/mm

i Rk B syl P sorimat e soringac vl v o
Strain Origin . - C s | |
7 i S Bt 71 i S B ] fifi S B
Primary screening  Double screening  Primary screening  Double screening  Primary screening Double screening

SN37 2% Stem 4.89%0.04a 4.40=0. 25a - - - -

HN89 2% Stem 4.75%+0.03a 4.13%0. 29a 4.8740.37b 4,3240.32b 7.65+1.13a 7.05+1.03a
TN68 2 Stem 3.74+0.52b 3.57+0.55b - — — —
HN143 2% Stem 4.50%0. 54a 4.03%0.57a - - - -

TN16 25 Stem 2.4140. 36¢ 1.71£0. 25d — — — —

HN98 2§ Stem 2.0740. 15¢ 1.8440.27d - - — -
HN126 25 Stem 2.5740. 38¢ 2.384+0.51c¢ - - — -

SN16 2 Stem - — 5.29+0. 24a 5.08%+0.17a — —

ZN5 2 Stem - - 4,.857+0.06b 4.8240.06b 5.49+0.52b 4.85+0.57b
SN19 Z£ Stem - - 4.74+0.52b 4.8740.07b 5.5740. 54b 4.80+0.56b
HN30 2% Stem - — 4.314+0.62b 4.1640.55b — -

HN44 2% Stem - — 3.1940. 62¢ 2.8440.89c¢ — -

HN28 2 Stem - — 2.79+0. 35d 2.46+0.52¢ - —

HN9 2% Stem - - 2.60+0.49d 2.4240.53c 7.94+0.77a 7.14%£0.97a

P ORI 2 A 8 2% LS HCH R N R 4L 2 5 3 (P<0.05), F )
Note: —. No antagonistic activity. The data in the table are mean value & standard deviation. Different normal letters in the same column

indicate significant difference between groups (P <C 0.05), the same as below
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3.5 7 d &AL PR ALK R AR E T R ROR .
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SN37 WMRIEAT 4 2% . TNS0 78 NA #5555 LI
Y, KA ek W & 57 A B IR E6G, 1§
RFFIR, G Jo2F 0, CHEE . HN89 HMEAE NA K

H TN50 @ HN89 0 SN37
O & %% % & Agricultural streptomycin
a
abab {_

b

7 ¢ Prevention efficacy/%

10 I 15
4b ¥ i) Treatment time/d
BT F5 P B ik 1A BE O it ) X A B4 T A KRR R Y
P4 B 5

The protective control efficacy of the antagonistic

Fig. 1

strains to the fire blight of birch pear seedling
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Table 2 The bioassay results of the preventive control effect of endophytic antagonistic strains to pear blossom rot

3d 5d 7d
; o — — S B
I #k Strain LALESY B % %6 (AN B %8 %6 1L 2 %6 B %% 6 Average
Flower rot Control Flower rot Control Flower rot Control efficacy %
rate % efficacy % rate % efficacy % rate % efficacy %
SN37 6.33+2.52abc 29.70426. 80 24.904+3. 15abc 5.24+28.73 33.5047. 37abc 28.35+27.22 27.76+14.99ab
HNS89 4,33+2.08abc 50.37423.97 22,6347, 05abc 5.24+19. 21 33.1045. 21abc 32.36+8.55 39,66+ 14, 05ab
TN50 3.74+4.69bc 60.49+45. 26 17.50413. 99bc 56.35420. 96 29.90+9. 14be 40, 23+6.56 52.36+21. 54a
TN68 5.5041. 80abc 40.56+13.57 32.77420. 99abc .48484.19 43.83+20. 53abc 9.08449.57 16. 71449, 00ab
HN143 7.5040.50ab 17.78+16.78 40.00+4. 40a 9.79+44.61 48.60+6. 72ab —2.64+31.80 —1.554+30. 33b
TN16 8.33+2.08ab 10.37410.02 16.60+5. 12¢ 9.11427.60 37.4348. 60abc 19.98+31.15 26.49+17.90ab
HN98 5.57+3. 16abc 37.04+37.47 18.97=+4. 54bc 4,41422.92 40. 8047. 96abc 16.90+12. 40 32.7942. 74ab
HN126 8.37+3.83ab 3.95+54.18 19. 9347, 24bc .94+36.62 35.1046. 20abc 25.914+23.83 22.60+33. 78ab
R H
Agricultural 1.33%2.31c 86.67123.09 15.9542. 08¢ 53.26414. 80 28.0042.00c 42.10£38. 85 60.67+2.85a
streptomycin
JC 1 7K X R

CK 9.33%1.15a - 36.67£13. 32ab

— 49.50+10. 85a — —
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Table 3 The protective control effect of the antagonistic strains to the fire blight of birch pear seedling

7d 10d 15d
itk - . - TP AL
Stain A % 95 1 4 KL GRS 9 1 45 4K A % 9 1 45 A Average
‘ Branch blight Disease Branch blight Disease Branch blight Disease efficacy %
rate/ % index rate/ % index rate/ % index
TN50 15.91 3.1341.84b 20.53 5.7742.50b 20. 45 8.4542.55¢ 67.20+10. 25ab
HNS89 17.02 4.334+1.13b 25.53 6.7341.28b 25.53 13.574+0. 84b 54.324+1.17bc
SN37 18.18 4.784+0.78b 30. 35 8.7843.45b 51.51 16.06+2.06b 45.914+11.43c¢
kRS
Agricultural 14. 28 2.62+0.50b 14. 28 2.624+0.50b 20. 00 4.05+0.05d 80.18+2.72a
streptomycin
FH AKX CK 54.55 8.57+2.69a 60. 50 20.00£8. 75a 72.00 25.63+3.13a
R4 FHERIHEERNEFRETERHR
Table 4 The therapeutic control effect of antagonistic strains to fire blight of birch pear seedling
7d 10 d 15 d
EES Ny - - H B s
Stain GEES o 175 45 £ GEES 9 13 4 4 eSS i 11 4 4 Average
o Branch blight Disease Branch blight Disease Branch blight Disease efficacy/ %
rate/ % index rate/ % index rate/ % index
TN50 14.71 2.9940.77b 20. 58 5.8840. 38bc 32.35 11.324+2. 44c¢ 63.88+6.77b
HNS89 25.00 4.9540.55b 25.00 7.2243.89bc 38.83 12.7841.67c 52.104+10.79b
SN37 18.75 5.0840.64b 28.11 12.3540. 15ab 43.71 18.07+3.78b 36.17+17. 64c
R E
Agricultural 14.71 2.9440.27b 14. 71 2.94740. 27c 20.58 4,10%+0.15d 79.25+2.60a
streptomycin
%%‘Q(Xd’ 54.55 8.57+2.69a 60. 50 20.00+8. 75a 72.00 25.63+3.13a

H TNS50 A HN89 O SN37
O & %% 55 & Agricultural streptomycin
100 a

TN50 (Mn860164)

Klebsiella variicola strain YD8 (K'Y 887765.1)

° a
%\ zg r ab I— i[ Klebsiella variicol astrainF2R9" (NR_025635.1)
5 L
E 70 b b b Klebsiella variicola strain S-18 (KX610834.1)
%) 60 | b Klebsiella variicola strain BAs1 (MK560009.1)
= 50 r
S 40 b i ¢ 99 — Klebsiella aerogenes strain NBRC_13534 (NR_113614.1)
>
:‘:) 30 96 Klebsiella grimontii strain Sb73 (NR_159317.1)
5 10+ 0.0020 Klebsiella oxytoca strain JCM_1665 (MN590525.1)
0 : ' . NP
10 15 K3 FET 16S r DNA FFHIE IS HTA B TN50
Ab PR ] Treatment time/d SHR 0 B % B
B 2 H5Pe b ik 1AL R O ) X A B4 T A KRS 1Y Fig. 3 Phylogenetic tree of antagonistic strain TN50
VAT M B R constructed based on 16S r DNA sequence

Fig. 2 The therapeutic control efficacy of the antagonistic

J¥5 4 NCBI $df 2 of 2E 47 5 P 78 26 Blast. i
DNAMAN & 4 2t 47 )3 3 §F # K X, i
MEGAS. 05 B FHEAT RGEHEAL I BT, DA rb 4 A AR
JEE F5 5 B4 TR R P ) SR T 4B B 15 M R T 16S rDNA
BEDH P 81 Ol Sl 2R G AN (18 3~5) . &l 3 T LA
i, TNSO B #k 5 A X Ak Klebsiella variicola
strain YD8 (KY887765. 1) fi F ] — M REGEK & 43
TR AR BRI T 99.7%., ME 4T UAE
H, HNS9 B #k 5 45 28 B ¥k Paenibacillus poly-
myzxa strain DSM36T (NR_117733. 2) B 7E [6] — 1

strains to the fire blight of birch pear seedling

FREE WA A @, BIE %S ORE W R
W AR EATR, B G P 2R R
KPR, SN37 TR bR T I TR B, PR, AN IE ],
Kt 6 BARFEIR B .G JE 2R i A MR

DL B TN50, HN89 1 SN37 T #k 11
DNA J#EA, R H 16S DNA A9 H 5 ¥k 17 PCR
o3l M, 53545 B K/ R 1435 bp.1 459 bp Al
1347 bp DNA H B, GenBank % 5% 5 4% %l N
MNS860164 ,MN86014 I MN860183, | )7 4%
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— 91 Pseudomonas rhizosphaerae TH5" (NR 029063.1)
00005 5 4|_—

6

Pseudomonas coleopterorum strain Esc2Am" (NR 137215.1)
Pseudomonas graminis DSM11363" (NR 026395.1)

’7 Pseudomonas japonica CH-26 (MH712955.1)
99 |— SN37(MN860183)

Pseudomonas plecoglossicida NBRC 103162 (NR_114226.1)
99 <’7 Pseudomonas japonica gene for 16S rRNA partial sequence (AB126621.2)

3 Pseudomonas japonica NBRC 103040 (NZ BBIR000000000.1)

Bl 5 3T 16Sr DNA FHIMEMIEDLAIE SN37 BN RE LT W

Fig. 5 Phylogenetic tree of antagonistic strain SN37 constructed based on 16S r DNA sequence

77 HN89 (MN860147)
0%'5 96 l‘Paenibaci[lus polymyxa DSM36" (NR_117733.2)
100 Paenibacillus polymyxa ML227 (KC692186)
38 Paenibacillus jamilae CECT5266™ (NR_042009.1)
60~|7— Paenibacillus sophorae S27" (GQ985395)

Paenibacillus polysaccharolyticus BL9" (EU912452)

Paenibacillus abyssi SCSIO N0306" (KC978082)

Brevibacillus brevis NCIMB9372" (X60612)

Bl 4 T 16S rDNA J7 80 #2155 i 40 1
HNS89 B bk Y 5 58 & & B
Fig. 4 Phylogenetic tree of the antagonistic strain HN89

constructed based on 16S rDNA sequence

ARG 3 B PRI 99. 70, M8l 5 7]
LI H . SN37 B kS Pseudomonas japonica strain
CH-26(MHT712955. 1) B 7E— /N 20 32 B 551
FRMEIREI T 99. 700 L L ASRFAEA 16S DNA
RO kB4 8 TNS0 B AR 2% 5 0 58 H A G
B (Klebsiella sp. ) HN89 Btk %& & NS AT
(Paenibacillus sp. ) .SN37 Bk % & MR AT H

(Pseudomonas sp. ).
30w

W) N A= TR A AR ) 2R 25 R e 1Y) o 2 R
SN EE MY ERE. HEIECTHN
A 20 T Y 43 S O RSOk A ARAVEY) B R L2 AR Y
S X SRR N AR A TR A ST D AL N A A T B
TR AE T8 R WA . A B 58IA S N A dH T TR
MR b (1 43 A AR e 2, 2R 38k 2, 30 4
AT TR M PP AR A TR R A A AR >
SR R RS SR AR R P A
W £ (4. 95 X 10°cfu/g) . W iz Ji rh (4. 4 X
10%cfu/g) , Z & (1. 83X 10%cfu/g) s W\ A E 4%
B E 00 P9 A 0B T o B R 75 0 AR g

o) W e RO E S 8 N i | S M e N T
SUrb N A 2 TR Y 43 A o O TR LR R R B 2R (3.9
X10° cfu/g)>M F (2. 3X10° cfu/g) >4 (1.1 X
10" cfu/g) > H 50, 4r B Y 337 RN ZE 4R, L
ZoarE BN A G 2, B RSB
35.6% . AS[RIHEH) FNAS [) 9 41 20 b PN AR B 10 43 A
o MR 2R, R T RS AR 9 AR R 25 5, SR
it BRI AR A ZE T M IO A AR R B S 2 R
AN,

AR B 538 52 ) 7 L 52 0 DA 43 S 1 A AL P A 4 T
TR P 7 32 11 X8 A K 2 0 L B A 0 TR R AR S =
TR Y 14 A HEPTE AR 2R AR AR TR A BRI Y
FLrPoR 4 A B RR e 5B e DR AR A B Y T
ZN5 . SN19 A1 HNO B #E X AL RS 5 B A B A g 42
93 T A FEHOVE T, HINGO T Mk W AL B s AL L AL R
il 9 TR R AR JEE 2 B 3 P R B A e R 1 T B
YER IR, B — @ AR BT 1. A B 4 R B
B E P 2 A B e  E A AR ISR
R 7= HE B E S . S PUE R AR Al By F A
B ML) 388 2 SR FH P MR % R 325 T R U AT AR X
B D TR A 4B BT AR S b A8 0 1 BB A /DN O 3 2 B B
o ARZIRAFAE — 28 1 Je B 4n Bt T vk 1 2 K
R B BT 7 AR A TR A I A R T A 23 e U
S AR L X AN L 3 4 1 A B R A L
S J A6 0 HH ke AR5 Rp R B A O Y R e T
FE PR, TNS0 B AR B 7= Az 400 5 B L {32 7R vk A
K P, BEAE 24 b 7 35 O RO L OB H AR
SRR AR . P, 7E A B B R O 3 15 L S RE A LA
VTR P AR SR AR« 3 1 % T T3 3R RS () 1Y) 38 4 fig
7758 F A AT A AL ) B B AR S 0 R [R) 2 O TR
VEFIBL AN [R) B0 5% 2R A A B v 0 v vk e #E HL
AU IR AR FH DA e 5 B 8 2R AR BB iR v
B A .

BB RAE AL SR L AR R Y
HRAMEEZ— . BB 6 AR 46K 8
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BRI B A AR AR L 25 R BTG R BB IR KOk F BUe
s Rl SR AR 2O T B A U K, O R 2
FR) B — B8 B P 2 A AT R A BIAR S B FE ] L %2
AP HAR S R XERT . 7E 20 22 70
AEACHIIDIAE A 6 5 R W55, AR 7 AE &% 2 =
EH AR ERK R R ARG R R8I
PR A, BRTRHESERERC S A IFR I T
PR T, 324 W TC B SO > 1 ARG ) AR Ok
B o X B 92 5 Jir BT 18 A A 2 R G 2R 2 Y TR
ABFFE HES T — L6557 1 B 16 R s WA ke . F 5T
KB AL S AL PR T e ) AR e T A ) AR G
U8 A= B AR AR f B AT Sk BB 2 1 SE FE S U T
AT PR 42 G 57 o 300 1) G2 1 BE08 2 5 AR W BT i 1Y
SEHESE R IR M B (Pseudomonas fluo-
rescens) Fl & H: W SC G (Erwinia herbicola) % 2
YRS AT T AL 0 B e AT Sk R Bl A KRB AT 85008 D
I TR X AL 1 (2 Y FOAE )AL 4% L 26 E I & 1 20k
R B4l B ( Pseudomonas fluorescens) A506 7 &t B
IR T 52 BR AT A A K2 1 A8 f 0 AP 1
TREA0~6020, K] TR BERE R BR85S H
i £k 2% 24 350 0 5 R0H 2412, 5 — A B R R E-
winia herbicola C9-1 L3 & 3¢ [F ¥R 7y 09 4 7= 1F
A IFAEAE P2 R i ] . Zeller and B. Wolf 7 A4
Ftor B 39 BRINAE AT . | A AL E. herbicola
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