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Real-time PCR detection and dynamic analysis of Erwinia amylovora in

the soils of pear orchards
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CHEN Weimin®*
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Abstract: [Objective] The pear fire blight is induced by Erwinia amylovora (E. amylovora). It first ap-
peared in May, 2016 in Huocheng County, Xinjiang Yili, China. It has spread to 14 Xinjiang regions,
posing danger to pears, apples, hawthorns, quince, and other fruit trees, particularly in Korla. The dis-
ease has been considered an enormous risk to the Xinjiang fruit industry. Since 2019, we have discov-
ered that the main stem of the pear tree exhibits noticeable lesions and bacterial fluids that spread from
the root to the stem and ultimately induce the tree to die. Thus, we assessed the E. amylovora concentra-
tions in the soils of the pear orchards and monitor the dynamic variation trend of E. amylovora by real-
time fluorescence quantitative PCR in order to get insight into the occurence and control of the pear fire
blight. [Methods]) Six samples were collected from the each point following the random diagonal five-
point sampling method. From March to November 2021, we collected 810 soil samples from the dis-

eased pear orchards in Korla, with a sampling depth of 0-20 cm and a sampling volume of around 100 g
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at every point. The soil was sieved in order to obtain a 2.0 mm fraction, air-dried at room temperature
for 2 days and stored in paper bags. The total DNA was extracted from the each soil sample at a dry
weight of 0.25 g using the MOBIO Soil Genomic DNA Extraction Kit. 0.25 g dry soil was taken out,
and a standard bacterial suspension of 2.0x10’ CFU - mL" was used for serial dilution of quantitative soil
DNA using sterile water. The standard curve was generated using different amounts of standard DNA di-
lutions, and the concentration of E. amylovora in soil samples was detected by the real-time fluores-
cence quantitative PCR established by our lab. [Results1The real time fluorescence quantitative PCR re-
action was conducted under conditions of initial 5 min denaturation at 95 °C, 45 cycles of 95 °C for 10 s,
60 °C for 30 s. The equation of standard curve was y=-3.458x + 46.033, there was a good linear relation-
ship between the CT value and the logarithm of pathogen concentration. The evaluation standard was
based on the CT value and the fluorescence enhancement signal, with a positive result when the CT val-
ue was less than 40 and there was a clear fluorescence enhancement signal and a negative result when
the CT value was larger than 40 or there was no amplification signal. E. amylovora accounted for a
small proportion of total microorganisms in the soils, and the CT value of positive samples ranged from
30 to 40 in general. The carrier rate was 24.2%, 8.9%, 22.2%, 42.2%, 44.4%, 17.8%, 23.3%, 2.2% and
2.2%, and the average concentration of E. amylovora was 515, 82, 428, 914, 965, 277, 408, 15 and 15
CFU - g' from March to November respectively. E. amylovora levels were significantly higher in June
and July than those in April, October, and November. The highest concentration of E. amylovora in the
810 soil samples was 5.29x10* CFU - g'', with a CT value of 31.8. 13 soil samples had concentrations
greater than 10° CFU - ¢"' in June, and 26 soil samples had concentrations greater than 10° CFU - g in Ju-
ly. The results of the study suggested that June and July would have a higher risk of diseases. Since
April, the concentration of E. amylovora in the soils had gradually increased with the growing period of
pear plants. Because diseased residues such as diseased leaves and fruits were not cleaned in time after
the picking season in 2020, the average concentration of E. amylovora in March was higher than those
in April and May. The carrier rate and average concentration of E. amylovora in the soils were at their
maximum in July and gradually decreased later. Because diseased leftovers such as diseased leaves and
fruits were cleaned in time according to prevention and control requirements following the picking peri-
od in 2021, the average concentration of E. amylovora was reduced significantly in October and Novem-
ber 2021. In accordance with the survey data, the average concentration and carrier rate of E. amylovora
fluctuated with the disease index. The pear orchard disease index was highest in May, whereas the aver-
age concentration and carrier rate of E. amylovora were at their maximum in July. The average E. amy-
lovora concentration and carrier rate in the soils had a time lag, due to the sedimentation and accumula-
tion. [Conclusion] The average concentration and carrier rate of E. amylovora were at their maximum
in June and July in the soils of the pear orchards, which had a time lag with the disease index due to the
sedimentation and accumulation of the pathogen. The diseased residues should be cleaned out from the
orchard in time for effective control of the disease.

Key words: Erwinia amylovora; Soil; Real-time fluorescence quantitative PCR; Dynamic analysis
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FH A BRI A « B2 95 TR A BT 98 P /R B8 T A A Ui
H Iy B, 2 AR E PCR B 7 40 T4 5 N
E. amylovora, W IRAT TULDUR A an k2 % Pt o

1V B AR %Y B K T 98 Ot PCR A I A 5
PIARE HECDOR — M i 5 R B A TR A = & R 3
14 Fr B 79 bp.

51 %) Ams116F: 5" -TCCCACATACTGTGAAT-
CATCCA-3’;
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Table 1 The incidence rate and disease index
of sampling location

AL el A 95 2 R 154 4
H Incidence rate/% and disease index
Date HUREHE AT 1 IR b 5 2 HURE b A5 3

Sampling Sampling Sampling

location 1 location 2 location 3
2021-03-08 - - -
2021-04-06 4.08/0.47 2.74/0.27 4.33/0.40
2021-05-06  19.85/2.53 12.45/2.20 15.56/2.04
2021-06-04 11.37/1.65 9.76/1.69 13.34/1.61
2021-07-05 14.79/2.18 10.47/1.74 13.73/1.29
2021-08-05 6.93/1.03 6.72/1.42 6.21/0.75
2021-09-10 5.18/0.42 5.12/0.81 5.12/0.57
2021-10-06 - - -
2021-11-06 - - -

BT PCRY 1Y, FFE 3 IR . [RIBAARZR 20 uL:
2xAceQ qPCR Probe Master Mix V2 10 pL, 10 pmol - L
ERHE S5 0.4 uL, 10 pmol - L' #4841 0.2 uL, DNA
Bt 2.0 pLo § 3G 2% A% AL %, 95 °C 5 min; A2 1%,
95 °C 10 s iE K/ZEfH, 60 °C 30 s(45 PMEIR) o
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Table 2 The detected results of E. amylovora in soil by fluorescence quantitative PCR from March to November

T IRETEN g R

Ay IWEIRE g i il

Month Average value/ Value of positive samples/(CFU-g") Carrier rate of £,

(CFU-g" P P g amylovora in s0il/%

3 515 5.29x10*.1.07x10*.3.59x10°.1.52x10°.1.36x10°.1.29x10°. 1.20x10°. 1.11x10°.9.36x10°.9.04x  24.2
10°.7.20%10*.7.10x10°. 6.46x10°.6.22x10°. 6.01x10°.5.77x10°. 5.14x10°. 4.98 x10*. 4.11 x 10°
3.76x10?.3.37x10°.2.75x10*

4 82 3.88%10°.3.01x10°.8.80x10°.6.40x10%.5.55x10°.4.17x10°.3.42x10*.2.46x10’ 8.9

5 428 2.19%10*.1.07x10*.1.02x10*.7.95x10°.2.45%10°.2.43%x10°.2.36x10°. 1.71x10°. 1.33x 10’ 1.14x  22.2
10°.1.26x10°.8.37x10*.6.73x10°.5.60x10°.5.32x10°.5.16x10°.4.91x10*.4.73x10*. 4.28 x10°.
3.64x10’

6 914 2.14x10%.1.83x10*.1.28x10*.2.57x10%.2.05x10*.1.54x10°.1.52x10°. 1.42x10°. 1.38x10°. 1.21x  42.2

10°.1.13x10°. 1.07x10°. 1.03x10°. 8.37x10°.8.16x10*. 7.94x10°. 7.71 x 10°, 7.64x 10*, 7.63 x 10°\
7.40%10°.7.38%10°.7.09%10°.6.90x10%,6.77x10°.5.97x10?.5.85% 10>, 5.60x 10°, 5.56x 10° 5.45 %
10°.5.42x10°.5.10x10%,4.27x10°,4.20x10%.3.83x10°.3.81x10%.3.37x10°.3.17%10%.3.09%x10°

7 965 8.70x10°.7.57x10°.5.65%x10°.5.21x10°.5.01x10°.4.65x10°.4.62x10°.4.31x10°.3.44x10°.3.29x  44.4
10°.2.93x10°.2.31x10°,1.85x10°, 1.81x10°. 1.70x10°. 1.65x10° 1.28 x10°, 1.27x 10’ 1.26 10’
1.25%10°.1.24%10°.1.22x10°\ 1.17x10°. 1.16x10°. 1.15%10°. 1.01x10°,9.95x 107, 9.82x 10*, 8.56 %
10°.8.22%10°.8.19x10°.8.02x10°. 7.88x10°. 7.00x 10* 6.55x10°. 6.36 X 10°. 6.20x 10*. 5.56 x 10°\
4.96x10°.3.90x10°

8 271 4.17x10°.4.16x10°.1.53x10°. 1.49x10°. 1.46x10°. 1.44x10°,1.42x10°, 1.33x10°, 1.25x10°. 1.24x  17.8
10°.1.24x10°.1.08x10°.9.70x10*.7.63%10%.6.82x10*.6.44x10°
9 409 1.75%10%.2.39x10°.2.35%x10°. 1.93x10°.1.22x10°, 1.03x10°. 1.03x10°,9.67x10°.9.42x 10>, 7.83x  23.3

10°.7.11x10°.7.01x10°. 6.83x 10’1 6.65x 10°. 6363 % 10°. 6.00x 10°. 5.89x 107, 5.54x 10>, 5.34x 10°,
5.31x10°.4.48x10°

10 15 6.94%10°.6.36x10° 22
11 15 6.04x10%.6.70x10° 2.2

(LR 260 ,8 HAr W E=10° CFU - ' M LFEA WIETR AR 245 R LK 3. 202143 H.6 H .7
1247, 40 T B0 RS MRS ,4 A5 H.9 AR P EkEREST4H10 411 H 34—
H 3 805 AR R4, 10—11 A B R E0R 8 AL E H 3T Bk R E K, 3 AL 10
RSB H 11 AR ZRBN A [F B 387 257 B IR R

311 H, B EIRE-FIEEEESRE 2R KT RS AL 9 15 48 A R R A
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Fig. 3 Trend chart of the average content of E. amylovora and disease index in soil from March to November



9

o SR A8 2 3R LR R SN SO RE B PCRASHIN S s 7 W 1845

WS Z R RA . 310 311 H L= Rk i
FRBRI , 5 9 2 R0 15 8 A0 7 5 s 175 48 50
Pl 28 2o 4—5 H B TR 93 175 F8 S0l T =, R
R EPRTHE B s, B S R AE KK,
15 T BT K. AL 15 fe OB a3 5 T 5
ST 1) T VR R A AR AR AR — 8, RN TG
e, A8 T BT AR B A A A T M T AR el 17 K RE 1
MHES .

3 W ®

3R AL KR B AR IR AR T
—, 2016 4F B YR AL K980 T AR N KT R A AL 1
X DA, 1273 T E 7 AL 5 & G TR, TR 2 R
by DX SR el 7 AR 52 9 B 9 ™ B, 2019 4 22 HT AL
R AL 2 Ak AR 35t 92 , 9 T R 328
H, 2019 4 Ji5 75 P /R 8y i 28 s A4 [l s 17 1 2 vp
KRB BB T MAR B ) B0 RE B 30 K RE
R gk i R EEAR AL SE . FTREJR IR — 5 T 5
AR RRKEREA R, H— SRR
Vel (51 i P i AR S0 A 10 bR i B 12 e 5 o o
Wb, StoF = 3 R B K R T TR R EE R 7 A e R AT A
FNBNES 53 A, 37 438 who Ji v 9 5 A4 el s 15 T
H B AR HA 2 [BIOC &R, 0P R DAl AN [F] B 3 -
S E0 A S R A 2850907 428 4 it EL A B L R S

SEER 7 ) i SRR AE 38 s i T ) e e i
ASEWN 3R 12 Wi RO TR T T AR RIS . kAl
RGO RN R SE I 568 R AL T AL
22975 T AN 2R IR TR T DO I T v AT R
XTI R A SL T IR 9 8 | PCR Uik, T JM
TR TR . WA s ] ROk E
T PCR J7 V26 I 398 o 76 JTURE 25955 187 A BIRIA
B LI 100 Mo 5K SRR 98 e Ykl
SYBR Green [ jE&H AR | Lkt R IK
PRSI 7 5 5 B PCR R A U A4 2 , F00MU &40 B 1 75
R8I ARy o 28 2 AEASHIE 72 bt ] A 4k LG 1)
FL PR B 9O 52 B PCRKG I 7 i E AT LU/ #r
396 FH A% 92 95 TR ARG W00 [ 5K A oA R HE R 1Y) Ams BREE
I A RE RS B, 4 5 6 PCR 3 16 4
R R A5 AN BTG IR, 4 & g out B2, A B
PE B PEAS H AR v S AT S A IME , 2 T IR ALk
P95 T SN 5 O RE B PCR RS A 1, 3180 8 57 1)
R A 2806} 12 JR 8 7 AL 2021 4E FE A A KT - 3

HRAL KRR TR AT SIS WA . ST AR I A R AE
0T HEBGAIE H , BH A DU CRE 5 1 C AR B A4 i v 52
B A et AS N £ B P C Bt 349 7E 30 LA, T BHAY s
993 B BT o R R AR A ) LA A

FIFH % 7 B PCR $ A X 38 o 35075 B AT
S B A I e B 2S4BT 5 3R L35 b iR TR IR P S A
W R 2R A 15 8 H 2 R ) 5 R R B IR P
VE A K JA I 2 R PO AE PR B 1 385 A 4 5 99
JiR B 22 8] R R DG 1Y, DL R 97 Ji B 8 IS ) AR 23 (8] 43
AR5, AN ] J2 T A A o 5 TR 80 42
PEALT BRI . i ORR SR 7R B[R] A2 ) |
HA B AR RERT M 2021 4£3—11 A, &
T 810 i, B H 58 FURSE 90 B i s SRAEIX 3853
A TE R I X 1 3/ i Al 4% H HEAT 78 sEURE 5 ]
B A Il A K 4—9 R 9 R 15 i 24T 1A
B HH, B K A PCR X 2020 £ 3
HORRKZE (9 ) -8 sp ALK 3 B AT R, H
S T R N 72.8% A1 91.8% , B & v T 2021 4F
TR R, 202143 H EHEGFEIRKE 54 H .10
H 1 AR EMZE R, %5 2020 42K 4 )5
VA B B A el Vi Vi SR SR R AR, 38 RS i
KEMBEA K. 2021 FKERH G, X B E
ARG AR AT T XS, 10 H 11 A R
B KT 2020 FF Ak . IR R AL
Vel il 5 v P % 7 SR S5 e R IR 3L, R PR T
Hrh AL OB R E T . 4 HBEE B R, KN
AT B RGN, S TE R D 3 B AR
B 5 A tE AR L VR TR RS L N, +
e B R PR KA R M 6—7 A L AL
KPEFR IR E T = E R pEE R RN
Az K HE R, SRR PR E 03 0, R IR TE
RS 2% A A8 A, 338 v AL K P B AR B S L BB
BEAR IS o AN AT S 33 TR I P L 3 B R
TR B RE S LR, 6—7 ) 3B AL 5 I 1 Y
S0 RS A 2R 25 v » T b ) 24 el 6 3001 0 %6, i
VAL T 1 (7] [ 775 2L, A1 498 o A P 93 1 1)
DUREFRER , S A R AR 338 B4 Kk 92 95 A 35008 XU
(R EE EEERYT . A ARSI TSR B AN A SR PR TE AR
[ A K30, R PR 5 A EAR PR - 3 40 B 2 B B ok
22 P20 i b SR A e R A A s A A
JETE T IERE D BRI T SE R, HEA R R — B
FEAE R IR 25 RO, DALt of 2 [ - 338 v 2 oK 928 55 R )



1846 3 L)

4

e 403

BT WA 0o 5 B R L5
IIN R

4 45 ®

B AEAITTT R R BT RO A e A A
S0 838 b BB T I B HEAT 8 A I B A
WG 1 8 b B KCBE T VK A A e B el 15
TRECS IR AR 9 22, DAL 3 rh ALK T
ii%ﬁmﬁuﬁﬁﬁﬂﬁwi?%%%%%%,?ﬂiﬁ%‘#@@d&?%ﬁ
I 52 W R BRI DR SRt 1 BoRSCH

S #k References:

[1] MOLINA L, REZZONICO F, DEFAGO G, DUFFY B. Autoin-
duction in Erwinia amylovora: Evidence of an acyl-homoserine
lactone signal in the fire blight pathogen[J]. Journal of Bacteriol-
ogy»2005,187(9):3206-3213.

[2] KIM W S, HILDEBRAND M, GEIDER K, JOCK S. Molecular
comparison of pathogenic bacteria from pear trees in Japan and
the fire blight pathogen Erwinia amylovora[J]. Microbiology ,
2001,147(11):2951-2959.

[3] DOOLOTKELDIEVA T, BOBUSHEVA S. Fire blight disease
caused by Erwinia amylovora on Rosaceae plants in Kyrgyzstan
and biological agents to control this disease[J]. Advances in Mi-
crobiology,2016,6(11):831-851.

[4] JOCK S, WENSING A, PULAWSKA J, DRENOVA N, DREO
T, GEIDER K. Molecular analyses of Erwinia amylovora
strains isolated in Russia, Poland, Slovenia and Austria describ-
ing further spread of fire blight in Europe[J]. Microbiological
Research,2013,168(7):447-454.

[5]1  ZRWetk, BEINNE , FTME RS, fK7 58, R I . 20 ASSEAR AR R A

AL A A HUR E VR (0. RS, 2022,36(4):6-12.
LI Xiaomei, HAN Lili, HE Yanan, ZHANG Xuechao, CHEN
Weimin. Evaluation on the resistance of 20 apple varieties to Er-
winia amylovora[J]. Plant Quarantine,2022,36(4):6-12.

[6] BILLING E. Fireblight Erwinia amylovora and weather: A com-
parison of warning systems[J]. Annals of Applied Biology,
1980,95(3):365-377.

[71 SANTANDER R D, MARCO-NOALES E, ORDAX M, BIOS-
CA E G. Erwinia amylovora colonization of host plants inoculat-
ed by irrigation[C]//Microorganisms in Industry & Environment-
from Scientific & Industrial Research to Consumer Products-the
[T International Conference on Environmental ,2015.

[8] SANTANDER R D, CATALA-SENENT J F, FIGAS-SEGURA
A,BIOSCA E G. From the roots to the stem: unveiling pear root
colonization and infection pathways by Erwinia amylovoralJ].
FEMS Microbiology Ecology 2020,96(12):210.

[91  ERHE, D, 5 | I R A B W B A 0 5 T
FZma[I). mmw#%&,2015,31(4):946-950.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WANG Qiujun, MA Yan, CHANG Zhizhou. The effect of soil ag-
gregate on soil microorganism and soil borne pathogen[J]. Jiang-
su Journal of Agricultural Sciences,2015,31(4):946-950.

BT R B A 75 B s KRB PRI B KCBEN TR 1 S 252
Jt PCR KL[I]. W40 EL274] 5 2006, 36(2) : 123-128.

QIAN Guoliang, HU Baishi, LU Ling, LIU Fengquan, XU Zhi-
gang. Detection of Erwinia amylovora by real-time fluorescent
PCR[J]. Acta Phytopathologica Sinica,2006,36(2): 123-128.
B, A G UL, MR I ARIBUE , By o SRR
Bk S v B R 9 T (R ARSI (], KA R B 24, 2010, 37(5)
441-446.

SHANG Linlin, ZHOU Guoliang, QIU Shuhong, CHEN Zhong-
bing, XU Diansheng, YI Jianping. Detection of Erwinia amylov-
ora in cherry fruits imported from USA by PCR[J]. Journal of
Plant Protection,2010,37(5):441-446.

RO RS, A B T IR A AL
V5B A I TR L [J]. R 2R 2020, 37(9):
1425-1433.

YUAN Yingzhe, HAN Jian, WANG Yan, LUO Ming, BAO Hui-
fang, ZHANG Chunzhu, HUANG Wei. Establishment of rapid
quantitative detection of viable Erwinia amylovora[l]. Journal
of Fruit Science,2020,37(9): 1425-1433.

PIRC M, RAVNIKAR M, TOMLINSON J, DREO T. Improved
fireblight diagnostics using quantitative real-time PCR detection
of Erwinia amylovora chromosomal DNA[J]. Plant Pathology ,
2009,58(5):872-881.

TRZCH, T, BB, AL, SRR B, R, B
R~ RS 0 R I I R PRSE RS U T VA D], ) AR AR
Bl2£,2022,49(2):101-108.

ZHANG Jili, QI Shi, LUAN Xinbo, JIN Yabo, HUANG Chong-
jun, LI Ping, WEI Jianyu, YAN Jian. Method for rapid detection
of Fusarium oxysporum and Phytophthora parasitica var. nicoti-
anae in tabacco planting soil[J]. Guangdong Agricultural Scienc-
es,2022,49(2):101-108.

T B SR ADM) , SR BE , 552 2 BB R 21, XU, ik, B
. v R T DR I R S S N ). AR
TRF1,2022,42(8):5-9.

HE Zikang, ZHANG Jili, NIE Jinyao, QI Shi, PENG Weiyao, LI
Ping, LIU Ju, WEI Jianyu, YAN Jian. Establishment and applica-
tion of rapid detection method for Ralstonia solanacearum in
soil[J]. China Plant Protection,2022,42(8):5-9.

FUEFY 5Kz, 23O RFESE UMK, G L SER IO E B
PCR A 0 - 398 PG JTURS 22993 14 1 A% (0 2 S [0]. A ORGP 23l
2018,45(4):921-922.

XIAO lJiling, ZHANG Yi, LI Jiguang, ZHU Feiying, WEI Lin,
LIANG Zhihuai. Establishment of real- time PCR system for
quantitatively detecting Fusarium oxysporum f. sp. niveum in
soil[J]. Journal of Plant Protection,2018,45(4):921-922.
R, TKANGT L BRSO i L RO K
FRTA SEIN 9 52 B PCR BRI A4 2 R 5 8 T (0], 40975



9

W2 ST, 45 3 BLKORE B SN 5 58 B PCRAS I K sl 20 B

1847

[18]

[19]

[20]

[21]

[22]

AV R ,2017,45(14) : 17-20.

ZHANG Haiyan, ZHANG Xiaofang, WEI Lanfang, LI Xue, Al
Ying, JI Guanghai. Establishment and application of real- time
PCR system for Ralstonia solanacearum in soil[J]. Jiangsu Agri-
cultural Sciences,2017,45(14):17-20.

ot DR N - TR A 3 v 22 T e 0 1R 11 S AR B A
REID]. 282 ARAO R, 2021,

LI Hua. Annual dynamic detection of Fusarium sp. in soil of
wheat- maize rotation field in Shandong province[D]. Tai’ an:
Shandong Agricultural University,2021.

Ze . S 5O i PCR BRI T 1 e v R R38R 4 4 5
SR BA D). F % AR AR, 2016.

QIN Shuai. Quantitative detection and dynamic analysis of Ral-
stonia solanacearum of tobacco in soil by real-time PCR[D].
Tai’an: Shandong Agricultural University,2016.

PRI . ST 516 5 B PCR FAR A 3 3 o /N F2 0kl o 1 1)
BT KB WD). 2% Il AR R 22,2014,

XU Nana. Quantitative detection and dynamic analysis of Rhi-
zoctonia cerealis of wheat in soil by real-time PCR[D]. Tai’ an:
Shandong Agricultural University,2014.

SEOCTT I LM R I L R TR AR
T RRER PR B e, s G . B S PR s - 3
7<)t PCR BORGE & S JL i 2 325 70 A (7. B skl B+
2019,56(2):317-324.

DANG Wenfang, LI Xueyan, YANG Hongmei, CHU Min,
GAO Yan, ZENG Jun, HUO Xiangdong, ZHANG Tao, LIN
Qing, Outikuer, LI Yuguo, LOU Kai, SHI Yingwu. Quantitative
and spatio-temporal dynamic analysis of rhizosphere soil fungi
by PCR technology in Xinjiang cotton fields[J]. Xinjiang Agri-
cultural Sciences,2019,56(2):317-324.

KM . BRI B 2 A I b5 P ) B 25 3 &5 43 AT [D]. PERA «
TEBHAR K2, 2019.

GUAN Gege. Molecular detection and dynamic analysis of tem-

poral- spatial distribution on Plasmodiophora brassicae[D].

[23]

[24]

[25]

[26]

[27]

Shenyang : Shenyang Agricultural University,2019.

S PHPE KX, 2275 4, BUSEIN , T 750, XOCHE B . 5
R S B LE AR AT FE [0 £ 2 A 55 B e B[], A 3
47,2022,52(1):61-67.

MA Dandan, GUAN Huanhuan, LI Shouru, JIA Jingli, YU Xiu-
mei, LIU Daqun, ZHAO Weiquan. Analysis of Streptomyces
scabies distribution in plants and population dynamics in the
field[J]. Acta Phytopathologica Sinica,2022,52(1):61-67.

MR, EREEE L RS AR B RS R
P, XTTHE Tl B R BB G EBUAS [F b AR B
A Z BEVERE TE ], W 2441, 2022,39(9): 1639-1648.
XIAO Huilin, WANG lJianping, YANG Yekai, ZHENG Qiuling,
XU Weihua, GONG Lei, SONG Zhizhong, TANG Meiling, LIU
Wanhao. Analysis of microbial diversity in rhizosphere soil of
Shine Muscat grape on different rootstocks using high-through-
put sequencing[J]. Journal of Fruit Science, 2022, 39(9): 1639-
1648.

SR, T, R IRIE AR E AR, RS A, WS, AR, M,
TS . AN [7 9  SRARSAR BR G AE  AE ARUT  2E  ) 22 e M T
FLI]. B 2441, 2020,37(9): 1371-1383.

SHAO Wei, YU Huili, ZHANG Peiji, XU Guoyi, QIAO Xian-
sheng, GAO Dengtao, WANG Zhiqiang, TIAN Peng, SI Peng.
Differences in metabolism and composition of microbial commu-
nities in rhizosphere soils with different deciduous fruit trees[J].
Journal of Fruit Science,2020,37(9): 1371-1383.

T, ETEOR AR, TR IR, SIE A | U IR AR LN B A
R[] FEJREE,2018,31(11):18-21.

WU Yujia, JI Qingmei, XIE Yu, LEI Fei, ZHENG Daojun. Soil
bacterial population dynamics of continuous watermelon crop-
ping[J]. China Cucurbits and Vegetables,2018,31(11):18-21.
REN L X, SU S M, YANG X M, XU Y C, HUANG Q W,
SHEN Q R. Intercropping with aerobic rice suppressed Fusari-
um wilt in watermelon[J]. Soil Biology and Biochemistry, 2008,
40(3):834-844.



