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Abstract: [Objective] Pear fire blight is one of the destructive diseases of Rosaceae plants, which was
first discovered successively in Yili and Bazhou in Xinjiang in 2016, and if effective preventive and con-
trol measures can’t be taken to curb the spread and proliferation of the disease, not only will it cause
heavy damage to Xinjiang’s characteristic advantageous pear industry and face the risk of destruction,
but also will bring a major threat to Xinjiang and even the national fruit industry. At present, pear fire
blight control methods mainly include phytosanitary, pruning, eradication of diseased plants and chemi-
cal control and other ways, but these methods have some disadvantages. Research and practice have
shown that biological control can achieve good preventive effect, compared with chemical pesticides,
and has the outstanding advantages of strong selectivity, not easy to produce resistance, safety and high
efficiency. Therefore, the aim of this study was to explore the biological resources for controlling pear
fire blight and determine the potential of myxobacteria in the biological control for pear fire blight.

[Methods] In this study, a 100 pL suspension of Erwinia amylovora was vertically inoculated on the
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surface of TPM nutrient-free medium, and it was allowed to dry naturally, 3 pL of myxobacteria suspen-
sion was inoculated at the center of the moss for the moss predation test, which was periodically photo-
graphed, and the predation was completed by scraping the plate of the pathogen moss after the 5th day,
and the number of residual viable bacteria was counted by diluting and coating the moss. Myxobacteria
were inoculated near the edge of the dried pathogen moss, and the face-off culture was carried out. Af-
ter the 5th day, the pathogenic bacteria and moss were scraped, diluted and coated, and the number of vi-
able bacteria was calculated. Two methods were used to screen out myxobacteria strains that could effi-
ciently prey on pear fire blight bacteria from pre- laboratory isolates and preserved mucoid bacterial
strains. After shaking cultivation of myxobacteria to the stable stage by LBS medium, the fermentation
filtrate was obtained and filtered with 0.22 um microporous filter membrane to remove bacteria, and the
decontaminated fermentation filtrate was obtained. Take 1 mL of decontaminated fermentation filtrate
and 0.1 mL of pathogenic bacterial suspension to be co-cultured for 24 h. Dilute the coating and count
the number of residual viable bacteria to explore the effect of its metabolites on pathogenic bacteria. In
order to clarify the effectiveness of myxobacteria against pear fire blight, we used pear isolated inflores-
cences and potted Pyrus seedlings as inoculation materials, and the disease prevention effect was deter-
mined with two methods, that is, protective and therapeutic tests, by spraying myxobacteria first for 24
hours and then spraying pathogenic bacteria, and by spraying pathogenic bacteria first and then spray-
ing myxobacteria. [Results] (1) 46 strains of the tested myxobacteria have predation ability on E. amy-
lovora, and compared with the control group, the residual viable bacterial number of 9.7x10° cfu - mL"
decreased to (3.7x10%) — (2.4x10") cfu-mL", of which strains WCHO05, FB02 and WCHO3 had stronger
plate predation ability on E. amylovora. In the bacterial moss predation test, myxobacteria strain
WCHOS5 had the strongest ability to prey on E. amylovora, and the residual viable bacterial count de-
creased to 3.7x10° cfu-mL"', followed by strains FB02 and WCHO3. In the standoff culture test, strain
WCHOS5 had the strongest ability to expand outward to prey on E. amylovora, and the residual viable
bacterial count of E. amylovora decreased to 2.6x10° cfu-mL" compared with the control group of 2.8x
10° cfu-mL"', followed by strains WCHO03 and FB02. (2) The residual viable bacterial counts of myxo-
bacteria WCHOS, FB02 and WCHO3 after co-cultivation with E. amylovora were all in the same order
of magnitude compared with the control, with no significant difference, suggesting that the three strains
preyed on pear fire blight pathogens mainly by direct contact. (3) Pretreatment (spraying) of myxobacte-
ria strain WCHOS had a significant effect on the prevention of pear rot, and its average 7 d control effi-
ciency was 68.35%, which was close to that of agricultural streptomycin (68.20%), followed by FB02
(63.24%), but WCHO3 (50.36%) was relatively low. Pretreatment (spraying) of myxobacterium strains
WCHO05, FB02 and WCHO3 could significantly reduce the dead shoot rate and disease index of potted
pear seedlings (p<<0.05), and the average protective efficacy from 7 to 21 days was 81.53%, 76.38%
and 71.44%, respectively. The therapeutic efficacy was 63.84%, 51.13% and 54.88%, respectively. (4)
WCHOS5 and FB02 were identified as Myxococcus fulvus, while WCHO3 was identified as M. xanthus
based on the morphological characteristics and multi-gene sequence analysis. [Conclusion] The M. ful-
vus WCHOS in the strains WCHO05, FB02 and WCHO3 has the best biocontrol effect on pear fire blight
bacteria, and is expected to be developed as a biocontrol agent for pear fire blight, laying a foundation
for the biological control for pear fire blight.
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Table 1 Survival of E. amylovora after preying by different myxobacteria
BHAT I EHET BT
Strains No. The survival of Ea/(cfu-mL™") Strain No. The survival of Ea/(cfu-mL™") Strain No.  The survival of Ea/(cfu-mL™")
ZS 5.6x10°+4x10°d MD249 5.3x10°+1.2x10%j MT204 4.4x10°£6.7x10%j
FAO1 2.5%10*1.5%10"efghi MD303 2.3x10°2.9%10° efghij MT343 3.3x10°+3.2x10%j
FBO1 4.0x10%1.0x10°defg MD466 5.5%10°+4.4x10"hij MT383 5.6x10°+3.6x10°d
FB02 2.0x10*1.0x10%j MD615 1.3x10°+3.8x10° ghij MT464 4.0x10°+£2.5%10%j
FBO3 3.3x10™1.2x10°%j MD715 1.5%10°+3.0x10° fghij YZS 4.5x10°£5.1x10%j
FB04 4.3x10°£5.8%10%j ME276 2.6x10°+£3.8x10"j NSBO1 5.7x10°+4.7x10"hij
FYT 3.7x10°+1.2x10°] ME282 1.5%10°:4.0x10° fghij QJO1 7.0x10°+1.0x10"hij
HMO02 3.5%10°+1.5%10° defghi ME308 2.7x10°£1.5%10%] QJ02 6.8x10°+4.7x10"hij
HNO02 8.7x10*+5.8x10°] ME343 3.4x10°+2.5%10'j SFO1 5.3x10°+4.2x10%j
JMBO1 5.3x10°+3.6x10°de ME433 1.5x10°+4.5x10"j WCHO03 3.8x10'+1.0x10°j
JMB02 2.4x10+1.0x10°b MEG635 3.6x10°+5.1x10° defgh WCHO04 5.7x10°+5.8%10%j
KSO01 6.7x10*+1.2x10"j ME700 6.7x10°+5.8x10"hij WCHO05 3.7x10°+5.7x10%]
KS03 4.4x10°+4.4%10%j ME791 4.4x10°+6.7x10'] XL04 4.5x10%3.8x10° def
KYO01 1.2x10°+2.6x10° ghij MHO1 4.4x10°+4.5%10'j YMC 2.4x10°+2.6x10"j
LG 1.5%10°+3.0x10j MT1194 5.7x10°+6.0x10°d Control 9.7x10*+5.8x10"a
MD201 3.5%10°+4.4x10° defghi MT1195 1.7x10'+7.1x10°¢c

T B B HER . AFRVNG FRERIRTE 0.05 K EEREE . T,

Note: Data were presented as mean =+ s;. Data with different small letters indicated significant difference at 0.05 level. The same below.
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Table 2 Bioassay results of the preventive control effect of myxobacteria strains to pear blossom rot

3d 5d 7d

— - - — T2
Btk 1% B2 TEIE % B2 1% iRk Average
Strain Flower Control Flower Control Flower Control efficacy/%

rot rate/% efficacy/% rot rate/% efficacy/% rot rate/% efficacy/%
WCHO05 6.88+2.98b  92.1243.41 a 33.33+6.02 ¢ 63.83+6.53a  47.84%1.79cd 49.12£1.90 a 68.35+17.84 a
FB02 14.02+6.18 b 83.93+7.08 a 36.21£8.01 ¢ 60.70+8.69a  51.59+6.53 cd  45.11+6.95a 63.24+15.95a
WCHO03 19.70£12.05b 77.42+13.81a  51.24+455b  44.38+4.95b  66.49£2.65b 29.29+£2.82b 50.36+20.09 a
KRR 12.8149.43b  8532+10.81a  30.60+8.00c  66.79+8.68a  44.68+11.20d  52.49+11.92a 68.20+13.43 a
Agricultural streptomycin
X} HE Control 87.23+590a — 92.13+£3.00 a 94.03+£1.37 a — —
50.36%. (DR MRS R (K3, B3R, AL

242 FemEATAHA G R KB RGRA RS LSS 2 T ARG T 2 PR AR B Ok ks
B2 RPN RIS BB RO R R R AR TR R T B RO i ) WCHOS 55 7 R
F# Pk WCHO5.FB02 1 WCHO3 7E ZZ AL AL 1 FbAT (B 20 =1 (84.58%) , E1| 21 d A1 E PR FE 4T 80.19%
FL PR AR PEAE T I B 7 18 1R 5 S 151 7 280 81.53% , W& AR - 4% F 55 % % (87.50%) 5

R3 AR RERNERORIPIERR

Table 3 Protective control effect of the myxobacteria strains to fire blight of Pyrus betuleafolia

B 7d 14d 21d R—
o el et Sy ot Sy pitis Average
blight rate/% Disease index blight rate/% Disease index blight rate/% Discase index ~ efficacy/%
WCHO05 3.94+0.05 ¢ 3.94+0.53 ¢ 10.35+0.31 cd 8.13+3.87 c¢d 11.5940.89 cd 11.0945.24d  81.53+2.64 ab
FB02 5.11+£0.02 b 5.11£2.53b  13.68+0.79 ¢ 11.8242.63 bed  13.68+0.79 ¢ 12.03+0.75 cd  76.38+5.03 abc
WCHO03 5.45+0.05 b 545+2.50b  29.92+1.05b 13.46+1.00 bc ~ 29.92+1.05b 17.3143.35¢  71.44+6.39 be
VAL 0.00£0.00d  0.00£0.00d  7.50+3.0d 7.50£1.16 d 7.50£3.0 d 10.55+0.62d  87.50+10.82a
Agricultural streptomycin
X Control 55.63£0.81a  25.55+6.94 a 57.30+0.71 a 40.25+6.34 a 57.30+£0.71 a 55.97+5.14 a -

Hk 2 FBO2 (3417 %% 76.38% ) 1 WCHO3 (°F- 33 [

:;x};co}zlos 71.44%)
OWCHO3 OVRITHEIRIG L R (R4, B4R, B
BRI Agricultural sreptomycin WCHO5 . FB02 il WCHO3 B i 5 45 B 5 1 ¥ 97 %
100 ) - ) . L B B R A 1 E}E&‘E%B%ﬁ&o Bﬁ%[%ﬂﬁ@fﬂ%
§ 0 | M@ —b 2 WCHOS5 5 7 K 1) B 250% 2] 76.44% , 14~21 d 1 7 3%
«E o | HFT R B, I 80E 3 63.84% , WA T4 FH B 5
55 0| %(67.32%) s F VA WCHO3 CF- 31 7 3% 54.88%) il
B FBO2(-F24I 2% 51.13%)
s 0 2.5 FhAEER WCH05, WCHO3 FB02 HI 5
‘ . 251 MAFER LT AN E TSk
Trefmffjif?ne/d Pt L T2 BT RFAE L S AR TE A5 AR AR (A A IR
P S 90 B % 8 T M) b A B o S bR v, T R
o ke 5 (R T WCHO5 . WCHO3FBO2 R R 1A J@ T ko b Tk
Fig.3 Protective control efficacy of the myxobacteria WCHO5 F1 FB02 JE A FHAL , £ VY/4 AR L 2 3 R

strains to the fire blight of P. betuleafolia VR, TSk 2 NERIE , Bk 20 (0, 8 R4 I 4 AT
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Table 4 Therapeutic control effect of myxobacteria strains to fire blight of P. betuleafolia
7d 14d 21d A
] b % 2% 2PIX
o Pere e S mtgete PR s Averase
ranch Disease index Branch Disease index Branch Disease index efficacy/%
blight rate/% blight rate/% blight rate/%
WCHO05 6.94+0.98 ¢ 6.0246.26b  25.03:0.63c  16.90+2.11b  282+042b  24.03+5.60b  63.84x10.92a
FB02 847+0.49bc  8.47+040b  29.62+047b  223242.66b  29.62+0.47b 32.47+531b  51.13+13.68a
WCH03 11.54+0.87b  11.5442.14b  2025£0.74d  18.4649.48b  24.66+0.99¢c 24.81+109b  54.88+0.77a
KRR 5.81+1.56 ¢ 5.81£2.00 b 7.00£1.19 ¢ 13.82+4.09 b 9.71£1.46d 22.93+297b  67.3249.23a
Agricultural streptomycin
it % Control 53.97+2.03a  25.5546.94a  57.30£1.05a  40.25£634a  57.3041.05a 55.97+5.14a  —
”WCOZIOS R BT ERI . Hibk WCHO3 7 VY /4 P B L 14 i
®|FB . . ,
BWCHO3 A EEFHSTSA, TSAR IR, AR B,
00 ¢ B 5% & Agricultural streptomycin B IR AR, B A ERIE (5D .
O 252 168 rRNA = lepd % B 771 547 LLRIR
o b e N He
s s < . WCHO5. FB02 il WCHO3 T k) 5[5 41 DNA Jy L
g I b a a e 4 N = >
R % = HUEAT 168 rRNA I PCR A% 475 5% 5 [H] lepA PCR 4™
% 50 1 [N o, . e
SE ool N i W . K5 3 0 8104 S % GeneBank, 35 13
SR s 16S tRNA GenBank % 3% 5 4 il 4 ON406568.
£ o0t s ON024012. ON024053; lepd & 3 = 4% % K
101 § ON313804.ON313766.ON313803. 4 Jll 5 45 5 7¢
0 : — . i
7 14 21 NCBI #0045 ¢ o #5477 28 Blast, { Ff DNAStar £ £
| HEAT SR LT o EE 5 BRI DL FE I
e . . 4 35 A ], R ) A4y
M4 BAEERTORGO R ER R IL FUTMEGAT O S RS
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Fig. 4 Therapeutic control efficacy of the myxobacteria
strains to the fire blight of P. betuleafolia
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From left to right, the fruiting body, colony and cell morphology of myxobacteria are shown.
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Fig. 5 Morphological characteristics of myxobacteria strains WCH05 and WCHO03
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Fig. 6 Polygenetic phylogenetic tree tree of myxobacteria strains based on 16S rRNA gene sequences and /epA gene sequences
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