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Q. INEL KRR S TR IR =% 271018)
G, ARR R HIERESUAHER TREEE 1R R{%E  271018)

B OZE: (8] ARSI ERRE A FVWRREFOEE, AR RRFASFRFE R Malus
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BRIk REAPALF IR EGAR R F AT il , @ id ARDRA B4R % (Amplified rDNA
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B o B AR AL B 69 A AP L AR AR, BLR ) AP AR IR 3R 69 B4 B T B AR R A% ) 69 BE
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Distribution and diversity of culturable phlorizin-resistant bacteria
from apple rhizosphere soil in different planting years

LI Feng-E'* MA Yan-Fang'® HAN Ming-Qu' MAO Zhi-Quan® SHU Huai-Rui’
GAO Zheng' ZHOU Bo'*"

(1. College of Life Sciences, Shandong Agricultural University, Tai’an, Shandong 271018, China)

(2. College of Horticulture Science and Engineering, Shandong Agricultural University, Tai’an, Shandong 271018, China)

(3. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, Shandong Agricultural
University, Tai’an, Shandong 271018, China)

Abstract: [Objective] The experiment was designed to screen bacteria that could tolerate phlorizin and
then study the diversity and composition of microbial community of phlorizin-resistant bacteria, which
were isolated from the rhizosphere of Malus baccata in different years. Through the study, we aimed to
find the potential efficient phlorizin-degrading strains and provide a scientific basis for understanding
of the mechanism of continuous cropping obstacles in apple and to overcome or reduce the losses
caused by it. [Methods] The phlorizin-resistant bacteria were isolated from five different years’ soils
using phlorizin as the sole carbon source. The amplified rDNA restriction analysis (ARDRA) and 16S
rRNA gene sequences and phylogeny analysis were employed to identify taxonomic status of
phlorizin-resistant bacteria, while the distribution and diversity of the microbial community and its
relationship with the physicochemical parameters were analyzed by bioinformatics analysis. [Results]
A total of 103 distinct bacterial strains belonging to 13 genera were obtained from apple rhizosphere
soil and they could be divided into 18 groups at 65% similarity. Bacillus, Pseudomonas and
Novosphingobium were dominant genera. The result showed that rhizosphere soil which was
continuously planted for 3 years had the highest diversity and the community composition of
phlorizin-resistant bacteria was similar for those continuously planted for 15, 20, 25 years. Pearson
analysis exhibited phlorizin-resistant bacteria had a certain correlation with the physicochemical
parameters (P<0.05). The redundancy analysis (RDA) also indicated that ferulic acid was an important
factor affecting phlorizin-resistant bacterial community structure. [Conclusion] The genetic diversity
of phlorizin-resistant bacteria was abundant, and correlations were revealed between the
phlorizin-resistant bacteria community structure and soil physicochemical factors. Ferulic acid was an
important factor that could influence the community structure of phlorizin-resistant bacteria. This study
provides some useful information for alleviating apple continuous cropping obstacles to some extent.

Keywords: Apple, Planting years, Phlorizin-resistant bacteria, Community distribution, Diversity
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A BT 2 6 8 [A] — P - e 50 s A ) o 5
FIFHEY RS R h R B LR B 2, A AR
AN RRE L ARAR L PUSEE . R
FRET MG VRIS L E K A 1 PR
G IR E . SRS R L ARAR
SRR RBEAE RS R AR R . Horp, By
WS 1 R0 TR 2 i IR A i Ve Yy T B PR 3R,
Borner B UCH HSERAEARFR A0 il LUBAR 2270 WA 5]
THER R B . ARECR L R . MERELE

TR . IR =y 4 ISP R AR R 0 i A i EE 2 I
T MR (Phlorizin, CoiHasOr0) 3@ A
FEA M EZNMIRE AW, 248 R R R
PR+ By R & it 1 S AL SRR A KB — 3
PR, BIFE A B3 (0.001 mmol/L)KR K2 i HE-F-
BRI AR, SWEMR (1 mmol/L)i# it
FEA G AR A T A R, - B E R4
B, LR AR R, I R,
Hofmann %538 15 X2 A 398 FN i 5 398 by SR 4
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ARSI ST KB, HRB AT SRR R )
(BRI (EEVERRG A BRI, A IR
HSESRAR AR R T il it v TR 3, H SRR
TPy A OENO ) Yim SNk R S T 1Y)
Wi igp il RE S A A Iy A R R T i s e P AR
B XSRS A AR A 0T B A i A S S R b
M —RAE RS . HIRMEYINMREZ, Hue
PEK, VIR R it i AL R 1 Je ZRE 1 A= 1%
£, FEHARA YRR P s R E, BN
B ) O K5 i AR 8 R AT 3 VR B R A ) B T 1
TETERRR . PRI I 38 2 g s i e LA sk
HR B A R A D RE B ) B B0

ST VAR AR A Rt th A e v 4
W7 AT TIRARIBFFE ) U —E R
PR EAERERFAOHLH], 5 H T4 R Rt
YIRS SR BN . el B 4500 B 1R A5 630 Bk
HCERTA , 3B DR BT R ME— BRI T S, AR 6E
R ALAR M AT IR TR 29 #k, Hrp AR
TR TRIARAT 4 Bk, 2N BE R AR | DTV
Az 4NN B (o) N S Y e By e )
AR TR SCR AR, TR TR RS,
X B ER AR R S B304 JCI B /R, FLX
HAE R EHAH—E RN, Wik, T#AR
AF RS SR AR PR - MR 1 32 18 A BETS O0 A1 Je 2k
PR, B R T 52 TR A Vs 5 R AR R o6
R, WTIRIF RO B AR, 48R RS
RIEAERE AT EAT N T8 L,

B SR X A T R AP T R X,
W TR, RTRE PSRRI X2 —, HR
R, Db Z, s s i p o il st A
TURTSGE I, AR 287 R bl 7 2 e S my A T
A, WIS R ATEVERERT, RS el SR 1Y
FERBIHNE . AL 5 SRR XOR [A] ik
AERRSE A AR PR - HERE ORI X4, XA R 1
it 2w pEA T e, Wit ARDRA FEVIEREA 16S
rRNA FEK P50 53T 2 S B (AR B TS 52 147 14 53
JEHufr, IR AR B EE AT I AT AR

BT A2 R B TR oA S SR TS, AT
PR B M 32 T 5 TR FEIE N T IOM G R, N
PRE EBUA R AR PR RS, U221 %
VERRE R AL TR

1 et5 %

1.1 EFEFIKT

10 mmol/L H Bz HRREE T2 5L (g/L): B
4.8, WERR A%k 1.0, FILEF 0.2, BRAREE 0.2, &
HEIL, pH7.0,

HRE A, Aladdin- b RTHL T A AR e dn A
RN 4N SEFIZH DNA 4RBGRH &, KA1k
BHE AL A RA T E.ZN.A. Cycle-Pure Kit PCR
P AR &, Omega Bio-Tek (3EE); Msp 1.
Hae Ill, EAYTRRCRE)ARAT],

1.2 HmXERBHMHERNE

B A5 5 SR (Malus MLL) P X 3R 5 T
2012 4 7 H 16 H-18 H REE HPEFGE L%
SRR SCU S o KR 5 T AR 0.27 km®, ARHE
ANRAERR B IR, 7= X7 i 25 | 3=
], ST S AR PR A S A R 2 RE R O S AL
Kb TERURISLIR N, RS FIAE AR BR A S S bl
BRI EEE 3 BERR, R B AR (0
20 cm)fy T4, HIE AR R R & 1 e ik
Tk, PATARPR 4, RG9S, i 2 mm FLRMY
T, BEARERAST, 4°C 17, FITAR R 32
TR 53 B8 B AN TR AR B AR R 1 T 32 DR R v 22 REPE 1Y
SR AR 8, RGBSR AR T,
FF AR bR IR & il . TS B LR 1,

TR AR, a0 A B S D A 4% T4
Fro RARMIUNE RERE, AR EKR
PR RE-SMINREIE , AR H] 0.5 mol/L fii
i AR - B BRI A, TS SR P R
B SRR, ARER . . . BERA
0.1 mol/L ¥EFRIEHE-JEF IS , /KIS |
BERH 5:1 K H-EDTA @i, S
0.01 mol/L 584k454% 1:2.5 FLORAR , KR &1
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Table 1 Information of sampling sites from different planting years’ soils

SR filiARZEA! Al A
Age of the apple trees Type of rootstock Cultivars Geographical position
3 Vigorous rootstock of Malus baccata (Linn.) Borkh. Fuji 35°47'20.94"'N, 109°21'45.07"E
8 Vigorous rootstock of Malus baccata (Linn.) Borkh. Fuji 35°47'23.10""N, 109°21'43.41"E
15 Dwarfing rootstock of Malus baccata (Linn.) Borkh. Fuji 35°47'10.42""N, 109°21'58.35"E
20 Vigorous rootstock of Malus baccata (Linn.) Borkh. Fuji 35°47'03.01""N, 109°21'45.43"E
25 Vigorous rootstock of Malus baccata (Linn.) Borkh. Fuji 35°47'01.42"'N, 109°21'47.84"E

SE I pH. HIEMRRINE R ] ASE-HPLC %1,
1.3 IREEWZE R TFE

(1) AR B A e — B U5 A0 AR B T A2 T 1Y)
f . BURFAERRERARPRHHE 1 g, 0% A
99 mL 10 mmol/L AR 7 ik K5 75 3, 30 °C,
150 r/min ¥55% 5 d; B 1 mL 853800 A ) 5 —H
99 mL 10 mmol/L AR fZ kK5 77 3, 30 °C,
150 r/min 3535 5d, ®HE 3 K.

(2) LUK B 1T Ay i — B 5 14 AL B 7 T 52 17 1)
B Rt BUE IS HIERE BRI, TR
F 107, $L7 ABEEE, KRS BV IR L 100 pL
P51 AT 10 mmol/L AR B2 1 AR 73, 3 4>
FAT, 30 °C HEFR AR I AR K AR OL . 24-96 h BREL
BigR e h 1 PR TE UEA T RIZR AL, 4 °C RAFE .
1.4 EF4H DNA BIIREUR4HE 16S rRNA EF
PCR ¥ 1%

FEH 2] DNA o FH RAR 28 R A9 41 P 3 R 41 DNA
FERUAF &(DP302), AEAMEESL T 1-5 mL 36 ki)
PRIV, AR R & U P SR IO A S R A, ARAS 1Y
DNA i B HEEE S FL K (1.0% )05 —20 °C P77

PIHEBR A AR FE 4 DNA ik AT 168
rRNA 3t PCR ¥ ¥4 , 51 % K 27F
(5-AGAGTTTGATCMTGGCTCAG-3") Hl 1492R
(5'-GGYTACCTTGTTACGZCTT-3)"", Rk Z
10xPCR ZZ i (Mg™" plus) 5 puL, dNTPs mixture
(2.5 mmol/L) 4 uL, rTaq B§(5 U/uL) 0.2 L, 514%
(10 mmol/L)4% 1 uL, A DNA 1 uL, KEREEK
#MEZE 50 pL, PCR W #544: 95 °C 5 min; 94 °C

1 min, 55°C I min, 72°C90s, 30 MEH; 72°C
10 min, PCR F=#)f#i [l E.Z.N.A. Cycle-Pure Kit #£17
afift,, sk 1.0% IR L KA /S T-20 °C
A
1.5 ARDRA ##f

FIH Msp 1. Hae 1T PFRBR N VIR 261k
Ja 4 PCR =W BtATAEY] . RVIRM AR 2 (20 pL):
Msp 15 U, 10xT Buffer 2 uL, 0.1% BSA 2 pL,
DNA<I pg; Hae Il 5U, 10xM Buffer 2 uL, DNA<
1 pgo MFYIRNE 504 : 37 °C BEYIE A, 70 °C 15 min
LAk o FEVI I 2.5% 10 B BE A G L Uk K
M. &I Msp 1. Hae TII BFHERFDIIE]E =100 bp (1
S&n15 , ML E Bio-Rad /A A]fY Quanity one 4.62 %X
AT IR, i UPGMA BRI
1.6  16S rRNA £ & F I F

Hi4ls ARDRA EEFHTER, PRk,
H4H PCR ik AL I K 28wl DU o B 3R TR b
) 16S rRNA JEHF41iE) EzBio Cloud 4%
(htttp://www.ezbiocloud.net/eztaxon) A7 LX), It
T GenBank 1/}, VEWHS KT452766-KT452783,
Al A MEGA 5.1 % fF USRI 4F B ik
(Neighbor-Joining) {4 i R 4 & B o
17 EMERESH

F R K (Venn diagram)f|H R #H4
(https://www.r-project.org/)*' [} VennDiagram &7
T, F KRS HT(Principal coordinates analysis,
PCoA)FZ #1445 50| F] Paleontological Statistics
(PAST)BRA-AT 50 HT o B2 IR ARARSCHE 53T (Pearson
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correlations analyses) i Ff| Statistical Product and
Solution Statistics (SPSS 19.0) for windows, JUAYZ)
Hr(Redundancy analysis, RDA)F|H CANOCO for
Windows 8 (ver. 4.5) A BT 52 B V& 2514
SRR BRI AR - AR Z R E R

2 ZR55%
2.1 AEFEERFERRIR T AR R

B 4 JFOE R b L R T RE LR 2.
2 pH JE A 8.40-8.53, M + iy S R el 438
R0, Sz X KD, ez B AR G,
FIAARERR N 3 AF RS 118 O/N eIk, Hifth 4 4>
EFIZER N . FAEARRR A 3 AR 8 47 S SR A el
HIEPEREE R T 20 4EH 25 45 M, 3 4R
8 A 3 SR AR R - 498 sl B 2 I il

JLEF, Ccu’'. zn®, FT. Mo® RS R IR
15 45 25 AR MERAR B b A i £, Rk
3 AEFN 8 AR IR A b A RIS, I S AR
W AT it FH A 25 A% R A B 7 el e 3 A e
REHEE, BA—E A
2.2 ARDRA Z5M45 415 16S rRNA EEF75
LD

DARR R A e —fe i, R FH et AL O R: 77 RO
FERAT B, MASTR] A R AR BRSSPl A B+ 2 v
G 103 ARAR R TN A2 104

Xof 4 AR B i 52 TR R R 1 Tl DD 11 9 A T 2R
R, GERFEI 103 BRAH B ERRAE 65% AL
PR ERT 230 18 ANREE 1) 200N 18 D HE 4%
TERE— MM AERPE R R, B TR R 1 16S rRNA

R2 TREMEERERRE L AR LI

Table 2 The physicochemical data of apple rhizosphere soils from different planting years’ soils

Physicochemical parameters 3a 8a 15a 20 a 25a
pH 8.43 8.40 8.40 8.45 8.53
C (g/kg) 4.72 4.25 4.75 3.57 4.07
N (g/kg) 0.59 0.50 0.55 0.41 0.48
P (mg/kg) 8.35 5.70 12.23 4.21 4.66
K (mg/kg) 28.49 15.90 144.30 61.22 73.81
Cu (mg/kg) 1.16 1.50 231 1.08 2.59
Zn (mg/kg) 0.44 0.45 0.82 0.50 1.04
Fe (mg/kg) 7.80 8.71 9.37 7.82 10.02
Mn (mg/kg) 11.48 10.77 12.47 10.59 12.42
Ca (mg/kg) 32.15 30.43 13.93 42.11 30.53
Mg (mg/kg) 1.74 1.88 1.56 2.29 1.83
C/N 8.00 8.50 8.64 8.71 8.48
Phloroglucinol (ng/100 g) 180 425.37 85100.92 135 686.71 0.00 97 048.34
Catchin (ng/100 g) 848.87 580.82 426.18 525.04 1271.62
Chlorogenic acid (ng/100 g) 38.86 17.61 62.91 24.30 25.40
Caffeic acid (ng/100 g) 308.88 243.04 387.96 257.10 325.09
P-hydroxybenzoic acid (PHBA) (ng/100 g) 0.00 0.00 0.00 789.54 1279.14
Syringic acid (ng/100 g) 0.00 0.00 0.00 0.00 45.72
Ferulic acid (ng/100 g) 26.04 28.41 24.10 0.00 0.00
Salicylic acid (SA) (ng/100 g) 137.25 233.93 1919.99 218.88 0.00
Phloridzin (ng/100 g) 0.00 0.00 2 830.91 506.10 391.24
Quercetin (ng/100 g) 522.82 514.82 2419.31 186.05 1013.03
Phloretin (ng/100 g) 417.51 667.46 0.00 0.00 0.00
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Figure 1 Dendrogram shows the relationship of 103 phlorizin-resistant bacteria based on ARDRA fingerprints
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JLRFPF 34T EzBioCloud JF4 HEXT, FEAEISr  11(74.8%)FIERER1(25.2%), 2r)@ 13 45 &, H
KHufi(R ) LERETHZHAGZLAEWIE  FRFEERERE, HEESE 23.3%, Hik

2), HF 3 5E 2 A1, 18 R FE R S5 ik
FIAIYE S 97.58%—100%, H:H Group 1. 9. 10,
13 53595 Rhizobium radiobacter ATCC 19358" .
Bacillus aryabhattai BSW22" | Bacillus cereus ATCC
14579" . Acinetobacter calcoaceticus DSM 30006" [
ML N 100% , 1 Group 3 5 Sphingobium
aromaticiconvertens DSM 12677 FIARIIPERAR, H
97.58%. G MEVIERIERZR 3 WM, HERAR K
i 52 1 Jm AR R A —E 25, RS2 i i
J&, 324 ¥R(23.3%); E/DHEE ST EE
AT R A A KRR, B R(0.97%).
23 FAHEFREEWMZEMRHES S

TR I, AR S2 1 A T AT B

S A FA M TR (19.4%) FBT #F AR T8 (16.5%) , 21t
ZHR AR 3A) . MR TR 2 1 1 3
W R AN R AFAE 22 5, P 3 AR SRAR bR+
3B A BT TR A2 TR 1 DA A TR A 2 B R
(36.7%), 8 4EREIHITTHEIE(50%), 15 4 N
J&(20%), 20 4R ZEAUAT R B (52.4%) , 25 - N HHR
TR I8 (26.9% ) FHHT N5 11 & (26.9%) (K] 3B) . 5 HiAlh
3AMEARAR L, 7EJE K FRAEARRR A 8 4R A 20 4F
SRR BR 473 88 AR B T 32 TR P e 2 A T

R T BT ASRIAFE A5y 22 TR 2 T A2 11 X AR A

FATHETAR B i 32 W K244 76 BUE (1 4),
GERFM, PEXIE X)E) 2 AR A
T2, R R A R R A TR, 7 S A

R3 REEMZESLHLN

Table 3 Taxonomic composition of phlorizin-resistant bacteria

e r— e~
) R AR e ol Sty Numbero
Phylum Genus Groups strain The most similar strain %) Ty pa—
Proteobacteria  Rhizobium Group 1 61 Rhizobium radiobacter ATCC 19358" 100 7
Ancylobacter Group 2 102 Ancylobacter defluvii SK15" 99.85 2
Sphingobium Group 3 43 Sphingobium aromaticiconvertens ~ 97.58 8
DSM 12677"
Novosphingobium  Group 4 5 Novosphingobium barchaimii LL02" 99.25 8
Group 5 29 Novosphingobium lindaniclasticum ~ 99.30
LE124"
Cupriavidus Group 12 69 Cupriavidus necator N-1" 99.37 2
Acinetobacter Group 13 64 Acinetobacter  calcoaceticus DSM 100
30006"
Enterobacter Group 14 24 Enterobacter  cancerogenus LMG  99.47 10
2693"
Rhizobacter Group 15 103 Rhizobacter gummiphilus NS21" 99.84
Variovorax Group 16 16 Variovorax boronicumulans BAM-48" 99.85 8
Pseudomonas Group 17 92 Pseudomonas hunanensis LV" 99.92
Group 18 11 Pseudomonas umsongensis Ps 3-10" 99.86 18
Firmicutes Fictibacillus Group 6 84 Fictibacillus barbaricus V2-BIII-A2" 99.71 1
Bacillus Group 8 87 Bacillus acidiceler CBD 119" 99.55 1
Group 9 70 Bacillus aryabhattai BSW22" 100 9
Group 10 40 Bacillus cereus ATCC 145797 100 3
Group 11 72 Bacillus  amyloliquefaciens  subsp.  99.93 11
plantarum FZB42"
Staphylococcus Group 7 21 Staphylococcus hominis subsp.  99.86 1

novobiosepticus GTC 1228"
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91| Group 18
99 Pseudomonas umsongensis Ps 3-107 (AF468450)
Pseudomonas mohnii Ipa-2" (AM293567)
100( | Pseudomonas hunanensis LN (1X545210)
100 Group 17
64L Pseudomonas plecoglossicida FPC951T (AB009457)
Group 13
Acinetobacter calcoaceticus DSM 30006" (AIEC01000170)
Acinetobacter pittii CIP 70.29" (APQP01000001)
I Group 14
IOO[LEnterobacter cancerogenus LMG 26937 (296078)

100 84L Leclercia adecarboxylata GTC 12677 (AB273740)
100~ Group 12

100| ' Cupriavidus necator N-17 (CP002878)
Cupriavidus alkaliphilus ASC-732T (HQ438078)

g2 Group 16
100 4100'\Variovomx boronicumulans BAM 487 (AB300597)
Variovorax paradoxus 1AM 123737 (D88006)
100 98 Rhizobacter dauci H6T (AB297965)
4100'_?Gr0up 15
97" Rhizobacter gummiphilus NS217 (AB609313)
100, Group 1

100| I Rhizobium radiobacter ATCC 19358 (AJ389904)
99 Rhizobium nepotum 39/7" (FR870231)

Ancylobacter oerskovii NS05T (AM778407)
41047_[ Group 2
100% Ancylobacter defluvii SK15T (KC243678)
100 61 Group 3
ﬂrE Rhizorhapis suberifaciens CA1T (KF437561)
Sphingobium aromaticiconvertens DSM 126777 (AM181012)
100 Novosphingobium panipatense SM16" (EF424402)
Group 4
100 Novosphingobium barchaimii LL02T (IN695619)
66| - Group 5
94— Novosphingobium lindaniclasticum LE124" (ATHL01000125)

100 Staphylococcus hominis subsp. hominis DSM 203287 (X66101)
4{ Staphylococcus hominis subsp. novobiosepticus GTC 12287 (AB233326)

lOOI

Group 7
100 100 Group 6
Fictibacillus barbaricus V2-BIII-A2" (AJ422145)
100 Fictibacillus phosphorivorans CaTT" (JX258924)
91, Group 9
o 1001V Bacillus aryabhattai B8W22T (EF114313)
Bacillus megaterium TAM 13418 (D16273)

77| Group 10
J« Bacillus cereus ATCC 145797 (AE016877)
Bacillus anthracis ATCC 145787 (AB190217)

60|{ Bacillus acidiceler CBD 1197 (DQ374637)
Bacillus luciferensis LMG 184227 (AJ419629)
100, Group 8

Group 11
4]()()" Bacillus amyloliquefaciens subsp. plantarum FZB42" (CP000560)
Bacillus methylotrophicus CBMB205T (EU194897)

Micrococcus luteus NCTC 26657 (CP001628)

2 1RIE 18 BRIREEH M HAY 16S rRNA ERFIIMEMN RS L EH
Figure 2 Neighbor-Joining (N-J) phylogenetic tree of the 18 group based on 16S rRNA gene sequences
H: #5524 GenBank #5855 4332 BB B IRIEA ML H KT 50%; Z0EL 0.02 MR HIRE A, LUZ IR A5 L
Note: Numbers in parentheses represent accession numbers in GenBank; Bootstrap values of the Neighbor-Joining (NJ) are shown above the
internodes and only values above 50% are given; Bar, 0.02 substitutions per nucleotide position; The tree was rooted with Micrococcus
Iuteus NCTC 2665 as an out group.
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Figure 3 The community distribution of phlorizin-resistant bacteria
T A MRS Z AR RS Z AR 504 s B AR TN 32 P74 E 0y J8 7K P 12 k.

Note: A: The distribution of phlorizin-resistant bacteria from different genera; B: Changes of phlorizin-resistant bacteria at the genus level

from different types of soils.
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Figure 4 Overlap of the genus level bacterial communities
from five different years’ soils

TE: [ B A BT RN [R) A7 BR S 288 8 AAR BE T 52 T4 s )
H.A: 3 FRERERAEIEEE ; B: 8 EREMAFA W EEH ;
C: 15 FREMFFA RS H ; D: 20 AR A N EIEEH ;
E: 25 EFEMPR VERE s Fo 5 MRENEER R4 E .
Note: The number in the circles represents the total number of
genera from different years. A: The number of bacterial genera
unique to sample of three year; B: The number of bacterial genera
unique to sample of eight year; C: The number of bacterial genera
peculiar to sample of fifteen year; D: The number of bacterial
genera peculiar to sample of twenty year; E: The number of
bacterial genera peculiar to sample of twenty-five year; F: The
number of bacterial genera shared by five samples.

YR LR R, M 20 ERAL, SEREEW
AR AT o 1 AR T (PCoAVIFIE T A4
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(PC2)/3 SIREM#RE 59.07%H1 22.44% WAL 115

B, HohRRIAERR A 15, 20 F1 25 4E7E R 5 FhgiE
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IREE AL BEEFIRAER MG, TEEFRAR
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25 AIEFREEMEZIEFHEZSRNEETFZE
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S IR #% 41 HT(Pearson correlations analysis)(3 5.
6)WF 5 T 8 - B SR el - 4y B T S AR
it 52 TR ARV 2B 6 R (RE T B K)o 253 R
IR B AN Fh &R TR BEHUR, 5 co®'
(P<0.01).Zn*" (P<0.05).Fe’" (P<0.05).Mn*" (P<0.05)
SR E ARG BRI 8 5 A S 2R AT R I
Z, M msirE S e’ (P<0.05). Zn™'
(P<0.05), Mn*" (P<0.01), % F470iFEB 5 pH {4
(P<0.05), JLASZE(P<0.05). T &M (P<0.01)EE1E
s SIRFFEE S 2 FRERIR 2 WA IEAHSE, 20l
AR (P<0.05) FIZKAZIR(SA)(P<0.05)5 T ILAS R
55498 B R (P<0.05) 1 5% W B & (P<0.01) I 3 1E A
XK, MR 5T R E B EAHE(P<0.05), BE
MR 5 2R AT A R &2 3 A 6 (P<0.05), JFH. C/N
55U & (P<0.05) . AT B (P<0.05) 5 2 71 AH
K, BRI C/N W LIRS, S0 PR FIAS ST A
JE R D X5 I B BT 2 SR ARAT
2 4 AIAL, 7EFME 3 FRSERMRE 30, ON
Frr ik, ST AR RS ST A R R 3 ARAR
Btk bR 2 P . R, SUERE R A
AT IR B ATRE S O/N ARG, Cu™,
Zn*", Fe" . Mn® fERA 15 4EF1 25 4E 9 b

R4 TRMEFRREENZESHIEEN

Table 4 Diversity indices for the isolates from five different years’s soil samples

Different years Richness No. of isolates  Shannon (H') Evenness (J') Chao-1 No. of niche-specific genera
3 9 22 1.93 0.77 9.6 2
8 6 14 1.43 0.70 12.0 1
15 8 20 1.92 0.85 9.5 0
20 5 21 1.27 0.71 5.0 0
25 8 26 1.82 0.77 9.5 1
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Figure S The PCoA analysis of the phlorizin-resistant
bacteria communities from different years’ soils
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Table S Statistical analysis of phlorizin-resistant bacteria and physical and chemical properties

Genus pH C N P K Cu Zn Fe Mn Ca Mg C/N
Ancylobacter —0.118  0.185  0.049  0.094 0.114 0600 0361 0711 0267 -0.526 -0.415 0321
Rhizobium 0.648 0229 0385 —0.144 -0247 0.196 0306 0.156 0416 0.136 —0254 —0.743
Sphingobium —0.634 0314 0149 0752  0.741  0.057 -0.018 —0.055 0.175 —0.588 —0269  0.447
Novosphingobium ~ 0.662  0.091  0.012 0152  0.659 0914 0988 0.851 0.890° —0441 -0.395  0.200
Bacillus 0.593 -0.759 —0.728 —0.495  0.180 -—0.090 0210 -0.132 -0.121 0575 0709  0.402
Staphylococcus ~ —0.438  —0.025 —0.049 —0.224 0543 —0.186 —0.417 —0.020 -0.490  0.033  0.041  0.068
Cupriavidus -0.125 0510  0.683 0222 -0.403 -0.464 -0438 -0544 -0.042 0.128 —0249 —0.938
Acinetobacter -0.125 0.510  0.683 0222 -0.403 —0.464 -0438 -0544 —0.042 0.128 —0249 —0.938
Enterobacter -0.576 0213 0212 -0.038 -0.571 -0269 -0.528 —0.133 —0449 —0.060 -0.127 —0.161
Rhizobacter 0392 0257  0.119 0389  0.804 09627 0953  0.895 0.927° -0.685 —0.559  0.309
Variovorax 0.856 0.025 0130 -0.288 —0.101 0472 0594 0463 0531  0.103 -0.187 —0.441
Pseudomonas 0272 0122 0274 0067 -0.056 -0324 —0.115 -0459 0.093 0297 0.054 —0.596
Fictibacillus 0918 —0.230 -0211 -0.399  0.101 0704 0813 0.735 0552  0.039 -0.062  0.028

T 7E0.05 BEEREMRE; T 1L 0.01 BISEREEHRL

Note: ": Correlation is significant at the 0.05 level; ~: Correlation is significant at the 0.01 level.

*6 IRKEMZEMFESTEENER < Bz 5

Table 6 Statistical analysis of phlorizin-resistant bacteria and different phendic acids

Gallic ._Chlorogenic Caffeic P-hydroxybenzoic Syringic Ferulic Salicylic

Genus Phloroglucinol acid Catchin acid acid acid acid  acid  acid PhloridzinQuercetinPhloretin
Ancylobacter 0.065 —0.487 0.013 —0.075 0.078 —0.106 0.250 0.303 0.240 0.192 0399 0.291
Rhizobium 0532  —0.068 0.884" —0.085 0.198 0.348 0.612 —0.170 —0.496 —0.423 -0.169 -0.024
Sphingobium 0.027 0.733 —0.803  0.789 0.520 —0.482 —-0.590 0.288 0.924° 0.884° 0.679 —0.346
Novosphingobium ~ 0.163 —0.046 0.568  0.340 0.714 0.588 0.802 —0.456 0.251 0.439  0.597 -0.703
Bacillus —0.668 —0.070 0.167 —0.199 -0.113 0.763 0.288-0.921" —0.255 —0.054 —0.291 —0.748
Staphylococcus —0.121 —0.552 —0.246 —0.503  —0.592 —0.390 —0.250 0.492 —0.188 —0.351 -0.264 0.812
Cupriavidus 0.674 0.469 0.194  0.157 0.043 —0.390 —0.250 0.401 —0.255 —0.351 -0.259 0.362
Acinetobacter 0.674 0.469 0.194 0.157 0.043 —0.390 —0.250 0.401 —-0.255 —-0.351 -0.259 0.362
Enterobacter 0.122 —0.349 —0.281 —0.354 —0.499 —0.599 -0.383 0.701 —0.128 —0.334 —0.218 0.923"
Rhizobacter 0.228 0.080 0.317 0.524 0.821 0.348 0.612 —0.232  0.524 0.665 0.812 —0.639
Variovorax 0.315 -0.3170.985" —0.183 0.221 0.621 0.875 —0.409 —-0.479 —-0.342 -0.077 —0.211
Pseudomonas 0.314 0.524 0.295 0.221 0.196 0.114 0.000 —0.199 —-0.224 —-0.168 -0.214 —0.277
Fictibacillus —0.022 —0.552 0.888" —0.261 0.199 0.817 1.000" -0.609 —0.352 —0.167  0.052 —0.391

e T 7E0.05 BASEREML; T 7E 0.01 BAEERLEA L

Note: : Correlation is significant at the 0.05 level; ~": Correlation is significant at the 0.01 level.

FRERR LRI R MR ™ AR AR Bl BRI, BN A3 B0 Y B bR AT RE LA ALK

JF A AN AL A O R N B R A A
fif A 3 1 TR T LA K A IS A% A e b i
FTAERIRACR, AR B R T A A RETE, B
ZHINGN, SO ETR IR A S R

HIEARE ST o

A BRI AT AT UEERERIAI 128 57 0 B —
RER—EA, PR Z ARG, SR AYHE
A E Sl o HORARH, FRAE 15, 20 A
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Figure 6 The RDA ordination plot for the relationship
between the distribution of different genera and
environment factors
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