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AR ZF B, S ARARTBRUR LRI TROERES. [5E] SARAAR-_FR., &4
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AB R 54, KA MEGA 5 M RARL AR, #ATHREL. RAEIS A EFH20R
A EIE N E B AT 4FF A EMRER . [4R] 208 SHAGREIEE, %
5% BL1. BL2. BL3. BJl #= BJ2, &% % BL1 A% R F4AE Cupriavidus necator, BL2 % g
RIRH Azospirillum lipoferum, BL3 # BAIRMATE Microbacterium hydrocarbonoxydans, BI1
# Paenibacillus phyllosphaerae, BJ2 % Ochrobactrum cytisi. BL1. BL2. BL3 B #AT 4R K = F B2
*PEAKTE. ARKF. BHEARTROEMESNZHT 50%. L+ BL2 BAre) M ECR R,
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Isolation, identification and degradation characteristics of apple
rhizosphere autotoxicitic compounds-degrading bacteria
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Abstract: [Objective] The aim of this study was to screen autotoxicitic compounds degradation
bacteria from apple rhizosphere soil, and investigate the capacity of degradating phloridzin, phthalic
acid, P-hydroxybenzoic acid and pyrogallic acid of the bacteria. [Methods] Bacteria were enriched and

Foundation item: Supported by the Modern Agricultural Industry Technology System Construction under Special Funding
Project (No. CARS-28); Shandong Province Agriculture Significant Application Technology Innovation
Subject; Yangtze River Scholar and Innovation Team Development Plan (No. IRT1155)
*Corresponding author: Tel: 86-538-8242908; E-mail: dingyq6885@163.com
Received: April 16, 2015; Accepted: June 11, 2015; Published online (www.cnki.net): September 11, 2015
EEWE: MU B AR R AR LI 4RI H (No. CARS-28); IIZRA AR H RN I A BIHT A
BhIH 5 2 EH VLA A ET B BA & B 114 B B35 H (No. IRT1155)
*@BIVEE: Tel: 86-538-8242908; E-mail: dingyq6885@163.com
S EHA: 2015-04-16; EZ HHEA: 2015-06-11; 78t AR B #A(www.cnki.net): 2015-09-11



FRIEIPRAE: SRR PR F 750 o R B 1) O e 2 5 e A A P

331

isolated by the sole carbon source Phthalic acid, Then, the strains were identified by the determination

of physiological and biochemical characteristics, as well as 16S rRNA gene sequence analysis.
Additionally, the ability of degradating phthalic acid, pyrogallic acid, P-hydroxybenzoic acid and
phloridzin using the ultraviolet spectrophotometry and high-performance liquid chromatography.
[Results] A total of five bacteria were isolated and named as BL1, BL2, BL3, BJ1 and BJ2,
respectively. All of them degraded phthalic acid, pyrogallic acid, P-hydroxybenzoic acid and
phloridzin. The five strains BL1, BL2, BL3, BJ1 and BJ2 were identified as Cupriavidus necator,
Azospirillum lipoferum, Microbacterium hydrocarbonoxydans, Paenibacillus phyllosphaerae and
Ochrobactrum cytisi respectively. The degration rates to phthalic acid, pyrogallic acid,
P-hydroxybenzoic acid and phloridzin of BL1, BL2 and BL3 were all more than 50%. The degradation
rate to phthalic acid, pyrogallic acid, P-hydroxybenzoic acid and phloridzin of BL2 was highest, and
the degradation rate was 91%, 72%, 84% and 84% respectively. [Conclusion] We firstly discovered
that Cupriavidus necator, Azospirillum lipoferum and Microbacterium hydrocarbonoxydans had the
ability to degrade those four autotoxictic compounds, and they were expected to be applied in
continuous cropping obstacle caused by autotoxicitic compounds in apple.

Keywords: Apple rhizosphere, Autotoxicitic compounds degrdation bacterium, Phloridzin, Phthalic

acid
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WEARARAF; EAWR. B, %E 0XOID
/N7l Tag DNA RATHE . ANTPs, S4EY) TR(CKE)
ARRAT]; @S9 27F L 1492R, A TAY TR
M)A BRAF

1.2.2 {%#§: Spectrumlab 22 W] ULAM GRS,
W CH AR A PR F] 5 Ultrospec 2100 pro 454N I,
NI EE T, %5 GE Healthcare 23 ) ; Waters2695
RO AL, IRFFERH () A BRAF] ;1
FEREEE PCR {X, f#[E Whatman Biometra 23 ] .
1.2.3 EFE: LHIEE R (g/L): NHLCL 0.5,
NaCl 1.0, K,HPO43H,0 1.3, MgSO47H,0 0.41"%,
LB 353555 BSCHR[ 11 BC ]

124 MBEREHNEEERSS: (1) BOEREPRE 10 g
BLF 90 mL FYSERHTCHLER G IR AL, Horp e atidh s
FRHL AR R A AR PRV T R ) B VR )
514 1 000 mg/L F1 5 mg/L, 30 °C. 180 r/min 353
7Td 5, LA 5%l i 2 S AR — B iR Mgk
WA TR R, et 2 IIELEE 4, 41
2 IR 3514 1200 mg/L 1 1400 mg/L, HatE
BT RRURE 7300 10 mg/L A1 15 mg/L.

(2) WUE B 5 WO 15 92 M 2 B FE s BR ) (107
107, 107 H1 107820 B AT T 1400 mg/L (4B
TR 15 mg/L AR T IR SRR [ (ks 77 3%
PR E, 30 °C #5597, fEPaR IR EvR S, Bk
BB 7% 0 S R 4 F 40 R W R SRR B TR
SRR AR SR, R L TAlifk, Rralifh
JE TR A 2 LB BRI SR 3 P AR
1.3 EHREE
1.3.1 EHRERSUEREBE LIFE: BE&E
HAALRAES IR CF WLANTE R G5 T ) DL
[P SR e Ly O LA A
1.3.2 E[F4H DNA B9$2EL: DNA el 425 3
Bk[20]. F#153]H DNA % T 40 L TE ZZ i,
SRIGIRAFT-20 °C & H
1.3.3 16S rRNA EE /Y PCREFF TN E: 16S
rRNA JEHFF0 3485 [P B A TR BR A W

AR, IER 54 27F . 5-AGAGTTTGATCCTGGCTC
AG-3'; W54 1492R : 5'-GGTTACCTTGTTACGA
CTT-3',

1.3.4 PCR ¥ i8RF{KFR: PCR S s Mk 5
R SCHR[19]. 16S rRNA 3N (1 TAEH LA
YT RA R E SERL

1.3.5 ABABHAYME: K BL1. BL2, BL3,
BJ1 1 BJ2 BHtkAY 16S rRNA FE K il e 4% 428
GenBank , k15 i % 5 73 il oy KR052877 .
KMO009070, KR052878., KR052879 Fll KR052880.
¥ 50 A1 8L 4 M i 3 NCBI (9 BLAST #2 %
(http://www.ncbi.nlm.nih.gov/BLAST/) kb X}, #] F
MEGA 5 M #ITZE LKEH M, XA
Neighbor-Joining -7l Jukes-Cantor #RBUA4 HE R 47
RER, HIRKEE N 100071,

1.4 [ERRMEES

141 BEYRSARUBCEKBBE: (1) %
WHHI % P IFRE 0.1 g HRAZCER . AR R .
XSPRRFORPIR . EERETRRAERZE 0.001 g), H
IS ZRIRK R, HIKRREE A 2 100 mL (a5
wIRE N 1 g/L),

(2) T RMCH A E : TSI T
XA O T, B ARG . AR
R A RIS A 291 nm, X FR R R )
RO 248 nm, PR B TRR A R I IR
Wty 302 nm, AR BRI 325 nm.
142 BEFENFIEREMGIE: SR
1120 mg/L)RTCHLER IR AL, B4R R g/L)
ITCHLER RS FR 3L, SRR IR RR(1 /L) ICHLER
Rigedt, SRR E TR gLl RItE
2T 100 mL I 1x10° Pa K7 20 min,
SRIG/rPIFEHE BL1, BL2, BL3. BI1 fil BJ2 [tk
TR IR, 30 °C., 180 r/min 15358 2= x4y
143 S KIFAREBELNE: BERRTFRAH
PR 1% A2 R0 T8 A R G B R 36, 30 °C,
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180 r/min K557, & 24 h BUEE, R W46 C R
BAE ODgoo S BEANEE I AE KB O, A YTk A
SN R FH SO BRI o B S XA B A
i 9 000 r/min 5.0 10 min B 3, SREH 0.22 um
FAHLIELR IR A, 5SS 7EAE N A I
R

E L b ;7N 3 R Ay R 3
R = (o Bz DA B IR VRO B — 2 A 5 3 TR RO B )/ R
FERE IR OB EE X 100% .

LRI i aS . PR IRES R 3 d SRR IR
20 mL, 9 000 r/min 25.0> 10 min, ZEEREAK, B
B AR E A3 WK, BHUERIE, D&k
e 78 R WA

R R B R T B 1R BRI R=CR
FER SRR H B T R R S SR R
AR SRR H TR TS > 100%.
144 BESYRMEEIIEN. FRIL200 g ¥R%E
YEEIET . 2 1 mm ) F 250 mL =i,
PSR 32 EXTBOM IR, REARTRHE 5% L B
BINT LR = MR sy, I e N i Ky
IKEE 60%, SRJE FHES AT =6 =Ml 0, 7ERES:
Favh 30 °C#EBEEEFR 7 d, A TFEE 3 d M7 d
SSOREINE -3 b R T 5 o SR R s 7 22
BURAR IR 2 H Y L, BAR T 50 3C
Hk[22]0 AEEUSE B AR BOR AR e e 28 R R 4Rl .
AT = AR RGBT AR R . AR
BWETIR . SRR RN,
145 FEBEURIEAE R AIRYE: Helh 728 & 08 e i
7ZZT, M2 mL HEES 3 Wisi. SR H 0.22 um
AOLIERSIEIE, 2T 2 mL B PR
1.4.6 BIEBIEFRM: WaHA: N, W B:
KOHZ BRI pH 2.6), (i #: . Acclaim 120 Cg
(3 pmx150 mmx3 mm), #:if 30 °C, HiE 0.5 mL/min,
HERE T PG RERRR . FBERE, 5 pL; Rl

280 nm'**,

2 ZR545M
2.1 ERFIESEESER

i E SR, RE] 5 AR . TR
K. BEARRMAREREREDE, difk, 00495 H
BL1. BL2, BL3. BJl il BJ2, 5 #kH7E LB [&{4
KigRdt I 30 °C K557 48 h e AR TS TR A, HHADE
2 I B SR IR TE A RRAE, 25 R,

BL1 @ik, BEME, FLAGOAEY, Kt
R, RS, F2 RN, Bk BL2 Bk,
FUEMNE, IREOAEY, REDCHERNE, H5%%
35, HLICEME, SREER; BL3 HRE, RN,
K AE, REDCIEE, HEEST, 20
FHPE, FPIR; BI1 BRE, BFUBRER, AEAREH,
RUDCIIRN, hoResr, F2 I, K5 B2
bk, BUENE, FLAEAEY, REtERE,
NGHEEST, F2RBME, MR, 5 PRI 324
FAEAFFIEINER 1 R,

XA 16S rRNA B R3804,
ARG R TR IE 1R,

BL1 RS E W Cupriavidus necator 1y
V-P i, MRS . IR ERIRATT, (HHY
Cupriavidus necator (AF191737.1)4 Fit i) 3R 4 %
%, 16S rRNA B:HFHIALIMEL 100%, & 1A
s BL2 WAk S 2 H WKk Azospirillum melinis B
BHMEIRIRAE 5% NaCl &4 F A KAB BRI R
AT, (BHY Azospirillum melinis TMCY 0552
(DQ022958. 1) H Tt -4 K , 16S rRNA HE[H P
FUFHLIES 99%, Wl 1B s, BL3 Ktk 55%
E R Microbacterium hydrocarbonoxydans IR A
R FPERRER AR . BRI
B0 H. 5  Microbacterium  hydrocarbonoxydans
DSM16089T (AJ698726. 1) A F it IZEL K F, 16S
rRNA S P FIR IR 99%, @&l 1C fiR. BIl
WSS Z W Paenibacillus phyllosphaerae W4,
Ll g . ik A ERARF, HHE
Paenibacillus phyllosphaerae (AY598818.1)4 f¢ilt 1)
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T1 SHKEREIESE VIS

The physiology and biochemistry characteristics of the five strains

WiH Ttem BL1 1 BL2 2 3 BL3 4 BJ1 5 BJ2 6 7
FALRE Oxidase = + + + + = - - T "N Py 4
AL S Catalase 4 4 4 = + + 4 4 3 + 4 4
V-P A% - ND = ND ND = = = - + ND
V-P test
SRk -+ - - - 4+ N+ + - - XD
Starch hydrolysis
THARER D i + ND + +* + = ND + ND + + =
Nitrate reduction
i it - 4 = + ND - = = - i — 4
Urease
5| Wi - - - = ND = ND = = = - ND
Indole test
i + + 4 ND ND A = + + + ND ND
H,S production
FAERRAL T - - + 4+ ND - o+ - - 4+
Citrate utilization
i L MR8 (2%) + 4 + ND ND % % + ND % ND %
Growth in 2% NaCl
i R R (5%) + ND 4 ND = + 1 = - + ND ND
Growth in 5% NaCl
Bk = 4+ 3 3 = = 4+ = 3 3 4+ =
Move ability
B Ak - - - - ND 4 ND - = 4 ND
Gelatin liquefaction
LBl fEphAt] - ND * ND + + + + + + + .
L-arabinose utilization
D-AEFIFH - - + + ND + ND + + + + +
D-xylose utilization
TERER - - + 4 ND 3 + + + + + ND
Sucrose utilization
PR + ND + ND + + + o ¥ n o
Maltose utilization
FUHEFIH = ND + + ND + _ " o o N N

Lactose utilization

e 1-7 B BIAEFZ R PR Cupriavidus necator, Azospirillum lipoferum, Azospirillum melinis, Microbacterium hydrocarbonoxydans,
Paenibacillus phyllosphaerae, Ochrobactrum cytisi, Ochrobactrum lupini; +: FHPE; —. BiPk; ND. KA.

Note: The number 1-7 are Cupriavidus necator, Azospirillum lipoferum, Azospirillum melinis, Microbacterium hydrocarbonoxydans,
Paenibacillus phyllosphaerae, Ochrobactrum cytisi, Ochrobactrum lupini respectively. +: Positive; —: Negative; ND: Undeterminate.
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Cupriavidus alkaliphilus ASC-732 (HQ438078.1)
Cupriavidus taiwanensis (AF300324.2)
Cupriavidus laharis (AB054961.2)

44,
49

31

97 Cupriavidus pinatubonensis (AB121221.1)

24— Cupriavidus basilensis DSM11853 (AF312022.1)

3] _r BL1 (KR052877)
89 Cupriavidus necator (AF191737.1)

67—'— Ralstonia campinensis WS2 (AF312020.1)

_|—_ Cupriavidus pampae (FN430567.1)
30 Ralstonia eutropha (D87999.1)
Ralstonia pickettii ATCC27511 (AY741342.1)

Methanobacterium bryantii (M59124.1)
0.01

Azospirillum lipoferum ncimb 11861 (Z229619.1)
44— BL2 (KM009070)
56 Azospirillum melinis TMCY0552 (DQ022958.1)
6 Azospirillum largomobile (X90759.1)

Azospirillum oryzae (AB185396.1)
9o~ Azospirillum zeae N7 (DQ682470.1)
F——Azospirillum doebereinerae (AJ238567.1)
Azospirillum fermentarium CC-LY 743 (JX843282.1)
59 Azospirillum canadense DS2 (DQ393891.1)
57 Azospirillum brasilense ATCC29145 (AY324110.1)
91 Azospirillum formosense CC-Nfb-7 (GU256444.1)

Methanobacterium bryantii (M59124.1)

35

0.01

C BL3 (KR052878)

53 Microbacterium hydrocarbonoxydans DSM16089T (AJ698726.1)

34 Microbacterium ginsengiterrae DCY37 (EU873314.1)

75 Microbacterium foliorum DSM 12966 ( AJ249780.1)
Microbacterium oxydans (Y17227.1)

3 o Microbacterium paraoxydans CF36 (AJ491806.1)
Microbacterium binotii CIP101303 (EF567306.1)
Microbacterium chocolatum (AB004725.1)
Microbacterium deminutum (AB234026.1)

3:2 Microbacterium dextranolyticum (Y17230.1)

Methanobacterium bryantii (M59124.1)

0.05
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BJ1 (KR052879)

Paenibacillus phyllosphaerae (AY598818.1)
Paenibacillus taihuensis THMBG22 (JQ398861.1)
Paenibacillus humicus PC-147T (AM411528.3)
Paenibacillus mendelii strain C/2 ( AF537343.3)
Paenibacillus sepulcri CCM7311 (DQ291142.1)
Paenibacillus agarexedens DSM1327 (AJ345020.1)
Paenibacillus harenae B519 (AY839867.1)

Paenibacillus catalpae D75 (HQ657320.1)

38 Paenibacillus prosopidis PW21 (FJ820995.1)

Paenibacillus glucanolyticus (AB073189.1)

Methanobacterium bryantii (M59124.1)

38 Ochrobactrum cytisi ESC1 (AY776289.1)

Ochrobactrum lupini (AY457038.2)
BJ2 (KR052880)
Ochrobactrum anthropi CCUG50899 (AM490609.1)
Ochrobactrum intermedium CCUG24694T (AM114411.1)
Pseudomonas aeruginosa DSM50071T (HE978271.1)

D
90
|
0.05
E
98
82
100
—
0.02

Methanobacterium bryantii (M59124.1)

Bl1 ET 16S rRNA EEFINHENRFELER
Figure 1 Phylogenetic tree based on 16S rRNA gene sequence
T: A. B. C. D. E/MFURMH BL1, BL2, BL3. BJl, B2 RGELEM; RELEW LG5 TSR GenBank %55

332 b HECF R Bootstrap i ; FRINER LK.

Note: A, B, C, D, E represent BL1, BL2, BL3, BJ1, BJ2 strain’s phylogenetic tree respectively. The numbers in parenthesis represent
GenBank accession numbers. The numbers on each branch indicate the bootstrap values (1 000 bootstrap replicates). The scale bar

defines branch length.

KRG KR, 16S rRNA JEFHFHIFHMRITEL 99%,
Kl 1D Fizn. BI2 WERSZ2EHRE Ochrobactrum
lupini WFHFRERIAJESLSS | BRI AST
A H:Y) Ochrobactrum lupini (AY457038.2)4 fiT )
RGHKF, 16S IRNA EFFFIFBIMER 99%, 4N
Il 1E i

A WEMRIIE AR . A FALRIE X RS
KRBT, WIS BL1 8 BT I8 (Cupriavidus

necator) , BL2 = g [H & 12 B (4zospirillum
lipoferum), BL3 A% ALJE GUFF T (Microbacterium
BJl & Paenibacillus
phyllosphaerae, BJ2 Sk Ochrobactrum cytisi.

22 BEREIBEMRRENER

221 BESYRMEREMERSIESR: EkBLI,

BL2, BL3. BJ1. BJ2 XREH HIREREFILULIA 2,
X QR — R AREARAF DL ILIE 3, XX EEA iR

hydrocarbonoxydans)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRIEIPRAE: SRR PR F 750 o R B 1) O e 2 5 e A A P 337

(IR DL LI 4, XAk 3 B IR AR A 7 1 L]
5, g% 3 d JE R A BRI RO AE (B A I 2
RIULE 6,

HE 2 ATRVE Y, 5 SRR I EA —E
IR RE ST, BL1 XHAR Bt R e 1 i, 3597 7d
RfrR k3] 98%, BL2 KigE 7 d FEFIAF] 91%,
BL3 1537 7 d &R0 96%, BI1 5537 7 d i55] 95%,
BI2 5555 7 d 53 93%.,

& 3 FTRAEH, 5 BREXER AR Ry A
—EMIBEARRE S, BL1 XFER2E — F RR R RE 1 5cds,
B3% 7 d FMARIAE] 74%, BL2 K535 7 d KMk
F32.8%, BL3 #5577 d RN 31%, BI1 K537 7d
iKE] 38.9%, BI2 KiFk 7d iK% 38.5%.

M 4 FTLIE 5 AR R T iR 5 2
H—EHIRERGE T, BL2 XX 54 IRk A fie
WA, B9 7 d FEfRIAE] 98%, BLI1 Ki3% 7d %

1.2
1.0 [ e
08| x . B - DOBL1
. ] o - oo e " .
8 2% NN ] T e g 2 & = = mEL2
g 0.6 |1 S o N ™ N N SBL3
| W | = 3 N O BJ1
e \(SHe e S s : ann
02 ] NHE TNEE WS B o, :
: W o I ey s = W W
o U N W W ™ N N
0 1 2 3 4 5
t(d)
2 IREERERIER
Figure 2 The degradation to phloridzin
TR e I F R AN A HTE P<0.01 I P<0.05 /KT M2 5.
Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.
0.7 -
0.6 | _
0.5 i i
| T ﬂ OBLI
= 041 X il *a R .. BBL2
Q ) 3
&8 : ’ 115 SBL3
03 N N N
3 3 > m BJ1
02 | S ; 3 <} :1p)
o {14 NIk s s
O SN SN N\
0 1 2 3 4 5 6 7

1(d)

&3

PEZFFERPERRIFR

Figure 3 The degradation to phthalic acid
TR e I F R AN A HTE P<0.01 I P<0.05 /KT M2 5.

Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.
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1.0 -

P v ve

s % [
%% T

LT I
[

gt
N
SKt

DOBL1
BBL2
BL3
o BJ1
& BJ2

*
*

4 MWEREFRPREERIER
Figure 4 The degradation to p-hydroxybenzoic acid
TE: 43 R A AT HUAE P<0.01 il P<0.05 /K-l k25 5
Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.

ik 5] 91%, BL3 537 7 d BER K 45.7%, BJ1
K3t 7 d k3] 44.9%, BI2 Hi3: 7d 5] 35.5%,

HIE S ATRVE, S BREXTEEER S TR E
H—EMREfRRE T, it L AMrORERTH5 R
RIITEIT AR, gRExR, BL2 XHEHEE
TRRFEARRE T s, B3R 7 d BEf#48355 65%, BL1
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Figure 5 The degradation to pyrogallic acid
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Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.
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Figure 6 The results of High Performance Liquid Chromatography (HPLC) determination
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Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.
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Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.
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Note: ** and * indicate significant differences relative to the control at P<0.01 and P<0.05, respectively.

I, AH—BRTE XN Z R0 3 2R B R 0 A A

MY KR 2 A T Rl VR, AR SCL
AR A, DOERARBRIGES] 5 PRABHS [F] IR A
4 FhH HEY BT A A AR o AR IR B AR T
(Azospirillum lipoferum) N HA WA B ASEHW) 12
AR o | A2 SV ls S 5 NUUESI PO S a oY e Rt - 3
Mefe B R RMME. RBEMITER
(Microbacterium  hydrocarbonoxydans) fx H H
Schippers 4¢F 2005 457325 F 78 = 32 A his 4 n +
e, wRAREAFEM AU, A RE BRI

T R Bk LA P s S AR R T REY, 8 AT
BRI BT R RE R A 2 A ) B AR i Y o Ay
BT T (Cupriavidus  necator) . ] [ % 12 5
E= W A S O S
(Microbacterium hydrocarbonoxydans) . Paenibacillus
phyllosphaerae . Ochrobactrum cytisi %F H 24 i [&
AR , (R M SCHR[7,16,23-24] 0] HIEA T2 A FE
it IR A LE R Y R RE ST, TIAS SO AR e
TR HIER . XPREOAIR . MR TIRA
—AEGE TR, DT LUHEDN 7> By A

(Azospirillum  lipoferum) .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRIEIPRAE: SRR PR F 750 o R B 1) O e 2 5 e A A P

341

FEL ) A fik

MR 2 DRI 1A 5 RIFLLSRIAA
5 BRIR BRI AL, AR TR 1SRRI
HETEARSBARIR T 2 AR, SRR R
B 1 DIRFR DL R AR R IR AR IR B FR B4 A,
MR E IR 1AL EORER I 3 M RELBY
FRBLAH N, A B R H A CC TG Y46 1) LIE
WM AR B 2 TR = Iy AR e iR, %2
ELPAABIE S AT DUEAR B AR e R | R =
My AR B2 IR, PR S W] AR — DR B 3R A Ay ]
ORI FIAR KT , TR R TR DU 3 e Jlt oy 8
iz 1 . Krumholz %5 W| % ¥ Eubacterium
oxidoreducens ] LU FIR . FEME & TR AIH]
KT IRE ABEIRER AN T WREh, 2P itk
IRBEIICAEE A PEA TCA FEFRC, 42— IR AN
X R HER R LU LA RRAE A h i, i — 25t
FEINRE i S5 — R R A SR HABE R G A T
A TCA fEFRPT, HEiiA e BL1 44 5k S0 B
BL2 A Jlig [ %8R
(Azospirillum lipoferum) Fl BL3 & fb && T #F T
(Microbacterium hydrocarbonoxydans)ZH3 . 4P
RTHIR . XRHEOR R AR B TR 1R A i
TR . MR E PR AR R | AR =1
TR IR, LB R Rty ()R = I FORR B R, AR
B TR VU B gt R W PR BN TR 5 T4 = M AR 1
BFRETFIRN ; SRA R A R HE R H R L
A LR R A2 i — RN IR SN ;. e
BBEFAWEARAG A WIEA TCA JEFERL CO, FIK
AR S 3 30 19 63 A T 114 I St e A2 R R A AL B A
L IR TAEHZE LR

& % X &

[1] Zheng JH, Ye SF, Yu JQ. Continuous cropping obstacles causes
and biological control of vegetable crops[J]. China Vegetables,
2004(3): 56-58 (in Chinese)

FRZENE, WHERIY, WAL B SR AR R R A S R B
PIBALT. hEBESE, 2004(3): 56-58

[2] Yin QL, Xie Y. Research progress on the continuous cropping
obstacles of plants caused by phenolic acids[J]. Journal of Anhui
Agricultural Sciences, 2011, 39(34): 20977-20978,20985 (in
Chinese)

(Cupriavidus necator) .

[3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

JHEE, W, BRRZEY) BT BUE YRR TR 0],
TRADNENFE, 2011, 39(34): 20977-20978,20985

Sun HB, Mao ZQ, Zhu SH. Changes of phenolic acids in the
soil of replanted apple orchards surrounding Bohai Gulf[J]. Acta
Ecologica Sinica, 2011, 31(1): 90-97 (in Chinese)

IMEESS, BIR, ARRIAE. PRI DX AR R b e
W ERA ) AR A D). AR AR, 2011, 31(1): 90-97

Bai R, Ma FW, Liang D, et al. Phthalic acid induces oxidative
stress and alters the activity of some antioxidant enzymes in
roots of Malus prunifolia[J]. Journal of Chemical Ecology, 2009,
35(4): 488-494

Chatterjee AK, Gibbins LN. Metabolism of Phloridzin by
Erwinia herbicola, nature of the degradation products, and the
purification and properties of phloretin hydrolase[J]. Journal of
Bacteriology, 1969, 100(2): 594-600

Krumholz LR, Bryant MP. Eubacterium oxidoreducens sp. nov.
requiring H2 or formate to degrade gallate, pyrogallol,
phloroglucinol and quercetin[J]. Archives of microbiology, 1986,
144(1): 8-14

Huang YQ, Zhou GM, Yin GT, et al. Rhizosphere actinomycete
isolation methods and phloridzin degradation activity analysis in
plants[J]. Journal of Southern Agriculture, 2013, 44(1): 54-58
(in Chinese)

WP B, OB, JEDE, 4. PR BRI R BT
IR B BT ARG PEM AT D], B AR 2A 4R, 2013, 44(1):
54-58

Zhou W, Zhang HH, Zeng XB, et al. Isolation, identification and
characteristic of aromatic compounds degrading strain PMS8[J].
Hubei Agricultural Sciences, 2012, 51(9): 1775-1778 (in
Chinese)

JEIFEL, SRUH, BN, AF DS ERIEAG YRR PM8IN Sy
UETE T AR ELT]. R, 2012, 51(9): 1775-1778
Mao N, Xue QH, Tang M. Biodegradation of benzoic acid and
p-hydroxybenzoic acid in the strawberry planting soil by two
strains of actinomyces[J]. Journal of Northwest A&F University
(Natural Science Edition), 2010, 38(5): 143-148 (in Chinese)
BT, BEUE, FEUL 2BRICER N b o T R R X A
RR A REARVE D). PUACAMBI L IR AR AR,
2010, 38(5): 143-148

Cao XS, Meng XZ, Ren SK, et al. Isolation and phylogenetic
analysis of a bis (2-ethylhexyl) phthalate degrading bacterial
strain[J]. Environmental Science & Technology, 2011, 34(12):
217-220 (in Chinese)

WA, A, B4, 45—k DEHP M B A9 it Aoy
TFUTE[T). R SHOR, 2011, 34(12): 217-220

Shen P, Chen XD. Microbiology Experiment[M]. 4th Edition.
Beijing: Higher Education Press, 2007: 246-247 (in Chinese)
TEPE, BRIEVR. BUESZASi0 M), SB4RR. Jbat: RASEE
Jikt, 2007: 246-247

Dong XZ, Cai MY. Common Bacterial System Identification
Manual[M]. Beijing: Science Press, 2001: 195-242 (in Chinese)
Ak, FEI¥ WA RS E M. JE50: B
fig#t, 2001: 195-242

Makkar NS, Casida LE Jr. Cupriavidus necator gen. nov., sp.
nov.: a Nonobligate bacterial predator of bacteria in soil[J].
International Journal of Systematic Bacteriology, 1987, 37(4):
323-326

Tarrand JJ, Krieg NR, Dobereiner J. A taxonomic study of the
Spirillum lipoferum group, with descriptions of a new genus,
Azospirillum gen. nov. and two species, Azospirillum lipoferum
(Beijerinck) comb. nov. and Azospirillum brasilense sp. nov.[J].
Canadian Journal of Microbiology, 1978, 24(8): 967-980

Peng GX, Wang HR, Zhang GX, et al. Azospirillum melinis sp.
nov., a group of diazotrophs isolated from tropical molasses

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



342

AEY) 4R Microbiol. China

2016, Vol.43, No.2

[16]

[17]

[18]

[19]

[20]

(21]

grass[J]. International Journal of Systematic and Evolutionary
Microbiology, 2006, 56(6): 1263-1271

Schippers A, Bosecker K, Sproer C, et al. Microbacterium
oleivorans sp. nov. and Microbacterium hydrocarbonoxydans sp.
nov., novel crude-oil-degrading Gram-positive bacteria[J].
International Journal of Systematic and Evolutionary
Microbiology, 2005, 55(2): 655-660

Rivas R, Mateos PF, Martinez-Molina E, et al. Paenibacillus
phyllosphaerae sp. nov., a xylanolytic bacterium isolated from
the phyllosphere of Phoenix dactylifera[J]. International Journal
of Systematic and Evolutionary Microbiology, 2005, 55(2):
743-746

Zurdo-Pifieiro JL, Rivas R, Trujillo ME, et al. Ochrobactrum
cytisi sp. nov., isolated from nodules of Cytisus scoparius in
Spain[J]. International Journal of Systematic and Evolutionary
Microbiology, 2007, 57(4): 784-788

Trujillo EM, Willems A, Abril A, et al. Nodulation of Lupinus
albus by strains of Ochrobactrum lupini sp. nov.[J]. Applied and
Environmental Microbiology, 2005, 71(3): 1318-1327

Ausubel FM. Short Protocols in Molecular Biology[M].
Translated by Yan ZY and Wang HL. Beijing: Science Press,
1998: 39-40 (in Chinese)

Ausubel FM. K54 EW S48/ [M]. BIT-81, TIHERK,
B JEEC Bl AL, 1998: 39-40

Du ZB, Du BH, Yao LT, et al. Isolation and identification of
antagonistic bacteria inhibiting against Rhizoctonia solani of
cotton rhizosphere[J]. Microbiology China, 2008, 35(2):
204-208 (in Chinese)

FAELE, A, PR, & PIBRRESLAR TS E MHI
Hl MH25 1 i e 5 %58 [J]. BUAE S A 4, 2008, 35(2):
204-208

[22]

[23]

[24]

[25]

[26]

[27]

Yin CM, Wang GS, Li YY, et al. A new method for analysis of
phenolic acids in the soil-soil from replanted apple orchards was
investigated[J]. Scientia Agricultura Sinica, 2013, 46(21):
4612-4619 (in Chinese)

JURE, EUm, AR, . R LR B SE Y B
R R — LA AR R R - HEA A [T iR,
2013, 46(21): 4612-4619

Ren M, Zhao L. Isolation and identification of a
beta-cypermethrin-degrading and biocontrol endophytic bacteria
in leek[J]. Acta Agriculturae Boreali-Occidentalis Sinica, 2010,
19(3): 57-61 (in Chinese)

PR, B8, — bRl S N A R R U R A AR By AR T 1
BHYE ], PEdbRE AR, 2010, 19(3): 57-61

Liu XJ, Lt ZT, Zhang LP. Study on isolation and degradation
characters of a bacterial strain for aniline degradation[J].
Chinese Journal of Environmental Engineering, 2008, 2(6):
858-860 (in Chinese)

XITEZE, Bakas, sRAE. RN R AR TR B4 23 2 R A e LT
FE[I]. 8L TRE2A3H, 2008, 2(6): 858-860

Jayasankar NP, Bandoni RJ, Towers GHN. Fungal degradation
of phloridzin[J]. Phytochemistry, 1969, 8(2): 379-383

Shen XH, Zhou NY, Liu SJ. Degradation and assimilation of
aromatic compounds by Corynebacterium glutamicum: another
potential for applications for this bacterium?[J]. Applied
Microbiology and Biotechnology, 2012, 95(1): 77-89

Engelhardt G, Wallnéfer PR, Rast HG, et al. Metabolism of
o-phthalic acid by different gram-negative and gram-positive
soil bacteria[J]. Archives of Microbiology, 1976, 109(1/2):
109-114

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


