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B OE:I#FF] 22038y, EREFREAGRENTHEFELS T EXEIED L FRF
i, DB 69 BRI Y 2k F 69 R\ L5 it — B8 E B % 23R IR A K G FT 45 42 T4 17 B FFAF A
HLremartt, [ ARG ERBRE, 2B, A HRTREFZIAERAFLESMUTBE. £
WA MK 16S tRNA L E A7) me st Lt frhr, @idf—KFHRERF R, pH. BEAf
M43 R R, IR EARRER B AR EAE. [4R] 155 —HAE BSM-G F %A 453
EARE—RBRARNSZRATHILESRE ADI, ST A LB E N E (Achromobacter
marplatensis). Bk AD111 &M FT4F 322 ¢ REREH 35°C, RIiE pH 4 8.0, AEARR A EAE,
24 h R AR A 50 mg/L & T 4% 35 7 T g 53X %) 99.7%, 4t 300 mg/L & F 4% 5 72 M fig 5 1% 21 81.9%.
[44£]) 5/ H ADI B4 8456905018 5 A FT4F I B ERR4 /), A IR BRI Ak L8 M4
FARBRGRET RIFOIEL AR,
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Isolation, identification, and characterization of
atrazine-degrading bacterial strain AD111

GAO Zifeng""?, LIU Ming"'?, WANG Xin', GAO Han', YAN Yan?, GUO Yongxia '~

1 College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang, China
2 National Coarse Cereals Engineering Research Center, Daqing 163319, Heilongjiang, China
3 Key Laboratory of Green and Low-carbon Agriculture in Northeast Plains, Ministry of Agriculture and Rural
Affairs, Daqing 163319, Heilongjiang, China
Abstract: [Background] In maize-soybean rotation system, the residual atrazine in maize field
may influence the next crop soybean. [Objective] To screen an atrazine-degrading strain from
the field soil in Anda City, Heilongjiang Province and explore the degradation characteristics.
[Methods] A highly efficient strain was isolated and screened by enrichment culture method,
and identified based on morphological observation, physiological and biochemical
determination, and 16S rRNA sequencing. Different carbon sources, pH, temperatures, and
atrazine concentration were set to explore the optimal fermentation and degradation conditions
with the simple variable method. [Results] A highly efficient atrazine-degrading strain AD111
was screened out, which used atrazine as the sole nitrogen source in basic salt medium-glucose
(BSM-Q). It was identified as Achromobacter marplatensis. The optimal temperature, pH, and
carbon source for atrazine degradation by AD111 were 35 °C, pH 8.0, and sucrose. Within 24 h,
it degraded 99.7% and 81.9% of atrazine at 50 mg/L and 300 mg/L, respectively. [Conclusion]
ADI111 has exceptional environmental adaptability and atrazine-degrading ability, which can
remove the atrazine residue in alkaline land in Heilongjiang Province.

Keywords: atrazine; biodegradation; crop rotation; Achromobacter marplatensis

FELO FARAC I RRARKOIN R A3 50T, K2 RHS AT REA BRI AN 4 R BB R

R A A 7= T R T R AR S & B
RS BVE RS R G, IR ARl e 4=
R PR (A trazine) X 44 35 2 1y, &
— R =REERELH, bRy 2-58-4- Ok
-6-FNEFE-1,3,5-= %, 413k CsH4CING,

BPRFhrEE A 1957 AR BUE , AU 1 AR a8
RN L7, TR Z N, FE
THEE . EOKFN R e b By B AR AR 2
B TR T KR, A PR
FEAE TP R IBCRAR, R, TEHERK
H R KN -3 ik B R R L B 2R Dy SRR A
PEBREEFRIO, 2006 47, 36 [ FREE R4 R By

FEAE A P i R v 2 X I AR 3 U a0
GRAERT, i R PR e oK ER B B 5 i
TR, O ZiE, G EATE. R
3 U

TAE PR A2 — P BEE % AR S
RO BRI HERR AR 0 A 20 4D 80 AR,
FEUG , W98 BRAR 22 40 0 R0 L TR HLA A B A
HRE T, ForhAuTR I Fe iR B REZ
FEAFEA ST H )8 (Acinetobacter) . ZFHIATIE
J& (Bacillus) . 213K & (Rhodococcus) . H3I8E 1 )&
(Rhizobium) . 2 ML 1R J& (Pseudomonas) . 1 1%
i & (Agrobacterium) . ¥ J& (Arthrobacter)
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ARty S SR 0 S 4R 4 B T A 2 1 4
B o PRI, AR T E SRRk AR B VT Bk
P TH 80 15 | 07 e BB I Y 4 3t R B3 1) BT o
TR R OT O IR ERE , LAY fift A - i
[E e SRR Y (B ok AU VSR Dt/
SRR E TR R BT

1 MRETE

1.1 ##
111 it

7 1 3 A 7T 110 - SR AR T R R VLA Gk T
it TR A L 22 BRI )5 10 2 mm
i, TR
1.1.2 FZERFIFLEE

97%4f B (1) B AR o HE I B b Vi U R
RN, A FHATHI A 10 g/L B Bl AR e - F i
W s P v AT AR S PR UE A (100 ug/mL) I
H _EIEEBTRE T (aladdin) A ALRHE B0 4 B # .
Br T T s M a0 o sk el sh, oAt
¥R oy br ki

ANV, JbRUE T AR A ]
RN, BEPRHER AR A BR A\l 5 SRR A
1%, Waters Ao
1.1.3 EHxFE

ol Eh Br SR L - W A OB (basic  salt
medium-glucose, BSM-G) (g/L): & 3.0,
KH,PO, 0.9, Na,HPO, 6.5, MgSO,7H,0 0.2,
NaCl 0.4, R CR (S IGH[15]AC L) 1.0 mL/L,
115 °CK & 20 min,

JE At 6 B 3% KL (basic salt medium, BSM)
(g/L): KH,P0, 0.9, Na,HPO, 6.5, MgSO4-7H,0
0.2, NaCl 0.4, f#ICE 1.0 mL/L, 121 °CKH
20 min,

LB #5558 5k(g/L): Bekbky 5.0, BREE IR
10.0, NaCl 10.0, 121 °CKE§ 20 min,

e AR SR BL i, & 100 mL fiIlA 1.5 g
TREH -
1.2 7
121 MHRERBENEESS S

M E R R 5 g Cad ik 21 A0 L R
A& 100 mL BSM-G f 250 mL =il
o, B PR AR 4R R B Dl 50 mg/L, 30 °C.
180 r/min ARG SR 7 d, WL S mL Ki R
TAHT BT R H A 100 mg/L /9 100 mL
BSM-G /1, 30 °C. 180 r/min BOGIR G EFE 7 d.
Yo TRV RE D73k, BTARPLE MR BE A 7 R 3m
50 mg/L, HZXF] 500 mg/L Jo R4l B
KR AR RER] 107, 107°, 1073 3 4
WEERR RS, VR A ZEBTRFRL R Bl 200 mg/L i
& BSM-G I, 5 d JEHBUCERFRIE BT BB
R LK i P Y T R O — 2P Al
1.2.2 [HFRLERERRERRIEE

Y alifb )5 R REE H2 8] LB P4 | 30 °CH:
F& 12 h, R (ARIR LS FM) 5 8 e
XiF B RRIEA TAME A A A B A AL S5

S ORI T 750+ %55€ . DL AD111 bR
HER 2 DNA i, DL 27F 1 1492R (% 1)
H51¥), PCR KWK Z(50 uL): Tag DNA Mix
25 uL, ddH,022 uL, b, T##5147(10 pmol/L)
% 1 uL, DNA #5471 uL., PCR [ )i 444 95 °C
2min; 95°C30s, 54°C30s, 72°C 1.5 min,
30 MEFF; 72 °C 10 min, DL 1%BUI5 WHEE L
HLUKAI PCR 4734774, 456 B R &0 R/
) PCR Wik 2 5 AR SE A T RHECA R W) i
AP . 8L NCBI 1% BLAST LI REHE B vk Y
16S rRNA JE X 51 5 NCBI 8 1 19 2 1 7
FIEAT HEXE . il MEGA 11 3 F A4 18 bk
ADI11 ARG KER, 34 AD111 BF5 1%
% GenBank, IRIGEFS,
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% 1 16S rRNA £E# PCR 31955
Table 1 PCR primer for the 16S rRNA gene
EIE7 BN 19155

Primers name Primers sequences (5'—3")

27F AGAGTTTGATCCTCCTGGCTCAG
1492R TACGGCTACCTTGTTACGACTT

1.2.3  P4FRLEPERERIEMRIH &

BB e b3 2 bk AD111 #:70%) LB
WA R RF, 30 °C, 180 r/min 1% 535 12 h
AT . 78 100 mL ) LB H5 =5 A 1 mL
TWALIE R ADI1T B, 30 °C. 180 r/min i 37 55
#% 12 h J5 6 000 r/min #.0» 5 min, I3 FiEWR,
FATCH KB ARG 6 000 r/min B.L> 5 min, &
3, W EARTERT WL 66 R 600 nm Ak
B ERE , ODgoo S 0.5 B Ry R P ik i
1.2.4  PAIEFHL IR PERR T B9 4 4K ih 25 TN PE AR dh 2%
M zE

W PO 1% R R FE] 100 mL
BSM-G H, BREREMR IR E N 200 mg/L,
30 °C. 180 v/min &7 355%, Hiff 3 h ML ODgo fH,
I E BSM-G H B REf HE S i, il ik A4
Kk S ffth 4k .

BT RR R AR B D 1 mL B3R A
2mL —EH%E, FRIR 30 min 5 8 000 r/min
B0 5 min, BOT 2 =GP A, i ZW AR,
Jn 1 mL R 25T 0.22 um SRR IR TR E T
PR R T O AR A

1o RCVBORH €0, 33 (HPL C) A 00 Bl 47 4 15 4 1Y)
SN VEhAR A F B K =80:20 (IRFHEL), HERE
10 pL, A3 30 °C, Jii## 0.8 mL/min, Kl
216 nm,

1.2.5 FIFFROERERE XM IMBGREF IR
FIA

TE 4 AR, 7F BSM H051E00m 1 g/L
HETREVE M AMINBRIE(AT+C) . 1 g/L iRk Aok
INEVR(ATHN) . 1 /L #Z+1 g/L ilRR & M4

I 2 JE (AT+CN) S ER I Ao i 2 IR (AT) . 1%
BB AR S 50 mg/L, A 1 mL R,
30 °C. 180 r/min JR¥H G, WE I RKEL, L)
AW ZS XTI, 2 5I7E 0. 120 24, 36.
48 h M ODgoo fH . M AEFRA 15 F] By A=+
i AN . ZIRXTFEMRIE AD1L KA
AL
1.2.6  SMANAERE X P 4FROEPE R R A K R
3 4= g b= A

WE 6 HALFE. 78 BSM H351%0m 1 g/L
M ZIBE(G) . HERE(C). FLBEQD) . ABEF) . AT
PEVE R (S)FIFTIEIR —#N(TVE MBI AL BRZH . i
BB AR O 50 mg/L, AIA 1 mL $ER
30 °C. 180 r/min #eZiid%, W& 3 KEE, L
ANHMIIBRIR Y BSM XS B2, 43 5I7E 12, 24 h
T OD oo TH AN BT 4P HER AR
1.2.7 MERZRMNFFRLEEREE KL
B9 22 M

RGN . pH . B by HE e B X B
PRAE K R F BT AR A . Bl 1 g/l
AR R BSM o, % BB RER H R N
50 mg/L, A 1 mL A, & 8 AR
(10, 15,20, 25, 30, 35, 40, 45 °C)4bFH, pH 7.0;
WE 7 HAF pH (5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
11.0)4b3E, 30 °C. 180 r/min ¥Ei%5 535, WETE
A 1 g/L AR BSM A [ B 5y v i
(50, 100 150, 200, 250, 300 mg/L), 180 r/min.
30 °C, pH 7.0 ¥55%, B 3IAER, LIANE
WK 2SI BE L 43 BITE 12, 24 h I ODgoo {E A
(PSS AR % .

2 EREQM

21 W R RS RRE A0 4 R
GRS, IR

51 20 R A KRB TR FURI R AR €3
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PEATRERRACRBGUE, K45~ AD111 (W TR #R
WA R e A, HoAE BSM-G ., 180 r/min., 30 °C.,
pH 7.0 Z1FF, 18 h X} 200 mg/L F B4 HE
f3 N 98.1%.
2.2 MHFRLRMERRE ADIN BEELR

Fk ADI11 BAMIESIE 1A Frs,
KL, B, W, Wi, gt
6t 1EEA 200 mg/L PRI BSM-G |
AT LA A K i P (1B o iF— 203 2o A 3 A fb 4
JE , KRR AD111 3522 [QJL A BAPE(E 10),
AT DLF) A | B-2F FLAE T B (ortho- nitrophenyl-
B-galactoside, ONPG)FIFL B, XJ HAhY BT A HE
IFIHER 2), 4 (AZRANR ST 565 8 R
X R BB R AD1I RS FAERIAE B AT &
{0/ NFF R & (Achromobacter) »

¥ PCR P2k B REER A WRHCA TR
A AT, SRR AD111 9 16S rRNA J
PR 5 B 4 1 425 bp NCBI BLAST 4347 & 2R,
H.5 Achromobacter marplatensis SY6 YA
99.93%, HHELTF 16S rRNA L FHIH R 58 4
H WM & P, B ADI11 Y5  Achromobacter
marplatensis SY6 TEIF]—A~r32 b, W25 R IAE
ADI111 Sy 3R] I TC 4/ NFF B (Achromobacter
marplatensis) (& 2). KR AD111 I ¥ FrA5 1
16S rRNA JEH 51 F 1% % GenBank, k43751

F2 BEHKADI FEEULETER

Table 2 Physiological biochemical characteristics
of striain AD111

U 24 B Wik AD111 %5
Experiment name Result of strain AD111
HEME Sucrose -

H # Mannitol 7

Hi7% M Glucose —

2 ZEHl Maltose -

HLBE Fructose

ONPG +

PRI {A1%% Arabinose -

Wi Mushroom sugar -

FLH# Lactose +

2K [ A EIE Motility test medium —

F 2B Rhamnose -

FE 5K Gelatin medium -

+: BHPE; — BAYE

+: Positive; —: Negative.

55k ON054297,

CRETEAS L AP AR S 16S rRNA JEN
IYMrEER, FEHERE ADLIT %5 ok TR G
{6,/ NFF I (Achromobacter marplatensis), fiv44 M
Achromobacter marplatensis AD111

2.3 EH ADI RS ACFA R 45 R 2 PR AR
Fr %
2.3.1 R ADI11 B9 A A F0 B 4542 A A A 2
WK 3 iR, fE0-12h i, Wbk AD111 2k

FGHUEE BT, (ELIE: KT B R e 1 o e 4

1 Bk AD111 7£ LB 555 #(A). BSM-G B)HIEASREZREECO)RBE

Figure 1

The morphology of AD111 on LB medium (A), BSM-G (B) and Gram stain (C) photographs.
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N, TEMCHTEL, Hikk AD111 332 28] ] BSM-G
tH RTINS SR A . FE 15-27 h i
FPk AD111 A K FEE N, ODgoo (HILF] 1.674,
W5 FF OG0, R AD111 7E 12 h FFIRE Wik
FRBTERRIAE, 76 18 h WM RIEF] 98.1%, %
HH TR R A 1% S B X BT T ) R
2.3.2 PU4SRLEFERREE ADI111 XIMNERIEFIR
TR T A

WK 4 firzs, 76 BSM HAMInBRIE . Bk IR
XTFHME AD111 B4 KRR IR 4w . 78
[Fi] Bk &1 Jan i S U8 1) JC ALk R ity 5 7 i v A K
JEfR, 12 h T DIk Bl KA K i e s
SMIMBRIE A BE TR TP AR AD1T A KA B
RFHAANEE, FmIEXT AD111 AR EX
HE,

AD111 (ON054297)
100

92| ' Achromobacter marplatensis SY6 (KC790321)

911! Achromobacter insolitus CCUG 47057 (NR118399)
Achromobacter xylosoxidans LMG 1863 (NR118403)
Achromobacter aloeverae AVA-1 (NR156047 )
Parapusillimonas granuli Ch07 (NR115804)
Achromobacter panacis DCY 105 (NR165687 )

Kerstersia gyiorum LMG 5906 (NR025669 ) -
0.01

2 EH ADI11 E T 16S rRNA £ E F 5 Y
REREEW  FIHLEIEITE T 1000 REE
BIE); ARRZIE RN 1% P91 22575 #5307
FOREARIE A ) GenBank %575

Figure 2 Phylogenetic tree based on 16S rRNA
gene sequences of strain AD111. The calculations
were performed according to a neighbour-joining
analysis (number=1 000), and the scale bar meant 1%
sequence difference. The letters and numbers in
bracket represent the GenBank accession number of
the strain gene.

—— ODy, value

1.8 - = Degradation rate of atrazine —_
- —— - - —= 1100 °\°

1.6 + , <
14+ ! . 180 E

Q ! s
E 1~2 [ II #{—é
g 10t I 160 %
Z 0.8 / 2
Q ve L | e
S 06} ! 40 <
/ p=)

04+ K 120 _c;:
02t A &0
e A

0.0 1)
0 3 6 9 12151821242730333639
Time (h)
3 EFK ADI11 B9 4K il 2 F0FA 4 hir i P R
i 2%

Figure 3 Growth curve and atrazine degradation
curve of strain AD111.

1.6 ¢

: —— AT+N
i —o— AT+CN
1.2
;g 1.0
<
> 0.8 |
Q 06 |
S 0.6
04
0.2+
0'0 1 1 1 1 1
0 10 20 30 40 50
Time (h)

4 SRR, RIRXFTERRLEFERRE R AD11L
e NP

Figure 4 Effects of additional different carbon
source and nitrogen source on AD111 growth.

2.3.3 MM ERRGEX E AR AD111 4 4K K F4F
FLEPERRA R M

AMINATRIBR IR XS TRk AD111 A K BRI
ORI 5 frn, BSM H AT —Fh iR J5
XT TR AD111 A KIE I BALHERL 12 h
A1 24 h B}, B #E ADL1L (94 KB R/ ERE N
T >0 28 B> UM > R B> e R R — A>T s 1k
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VERY , S AER SN Il A RS o 75 B AR R
JiT, 12 h B, SMINATEPEVERY . BRI LR
B AD111 X Bl HEHEHE R B AR SR 3 T 90%LA
b, AN AR AN R R A
Bk 75%. 85%. 53%; TAE 24 h i), 6 FhsMink
IEAE FRZE Hh B R R IA B T 9% |
2.3.4 A[E pH W E# ADI11 KR M4FHE
PERE RIS

FPE AD111 7EARF pH 45F T 3R 7 A
A K LRI BE 1. W 6 i, TR B
ADI11 fEiE WA KR pH JuBAEH 9872, 7 pH
6.0-10.0 Z[H#EPREAERKIKLF, HA B S MRk
[, HTE 24 h WfREMRERE T 99%; Hip
pH 8.0 B}, WMAEKIGEIEL, & ADI11 i
& pH. pH 11.0 B}, 24 h [EfRBEELE] 99%
DL b pH 5.0 B, BERRIEALEIE T AR, FEfhE

12 h degradation rate of atrazine

== 24 h degradation rate of atrazine

<12 h ODgy, value 115
— —— 24 h ODg, value
SR d % g 7
2 / E 1.2
"g 60 é ’fé’ Z 109
£ 40 . v 1063
£ ) v
: 1111
g 20} / o / 10.3
= 0 é / é 0.0

Carbon source

5 SMITRERRIREMEK AD111 &K K I h
ERERAEm  G: SMEEREALRLA; S: S
A PEVER AL R ; C: SMINFEMELFERAL; F: 4b
IARBEALPRL s T: SRR —BhAb 34 5 1. Sb
ImFUE AL PR

Figure 5 Effects of additional different carbon
source on growth and atrazine degradation by strain
ADI111. G: Added glucose; S: Added soluble starch;

C: Added cane sugar; F: Added fructose; T: Added
trisodium citrate; I: Added lactose.

NBpEZ ek, XA RRE N IR BE AR AD111
FA) - SEERE B A D B 1 3% (pH 8.08), ZERRTEFR
Rk AD111 &N BE I #52% ,
235 ARIEEXME ADI &K F4F i i
3 g g A

ANIFRBE X F MR AD111 A K B e
RS SN E 7 iR, 7E 25-35 °CA&
T, Wtk AD111 #A REFAAER R, 76 24 h B}
X BRI A R AR R IR BN T 99% L) b, Forr,
Wy 35 °CHY, bk AD111 B4 KBk, B
i RIREN T 99.7%; MiFE 15 °CLLT 1 40 °CLA |
BF, BEPE AD111 MAERZ B —E i, Ak
TS, BEARIEATE LA, X FTRERL Y AR
RE ST LB Z I 2k o R I b v A Nk A A it
JEHR X TR AR AD 11T A8 A KRR i 2 7= A W i
11K 8
23.6 AFEKPRENELR ADI11 4K K 4
FR BRI

R T ARG AEAS [ R B BT AR v Y v TR B
ADI11 EMA RBHIREMHRE T, &E TR
HHRIE S 50-300 mg/L AYARFEALER, MK 8 /]

N

12 h degradation rate of atrazine
mm24 h degradation rate of atrazine
- 12 h ODy, value

-24 h ODy,, value

b a a ab a ap 414

-

—_
N (o)) (o] S
S S S (=]

T T

—

S

N
(=]
T

Degradation rate of atrazine (%)

(=]

El6 pHXE#K ADI A< R FIHFHEPERRAY 2200
Figure 6 Effects of pH on growth and atrazine
degradation by strain AD111.
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12 h degradation rate of atrazine

I 24 h degradation rate of atrazine
—a-12 h ODgy value

~100 ——24hODgypvalug ap aa %451
e b 11.3
b 112
£ 80 11.1

s 11.0 3
g 10.9 5
< 60f log =
g 1068
< V.

S 40p 105 ©
S -8.431

< 4
- i 102
eh g0, £ e . 10.1

8 € L4 A A 77 AR T g 0'0

20 25 30 35 40
Temperature (°C)

10 15

7 GREXER ADI KK R REREARRY
A0

Figure 7 Effects of temperature on growth and
atrazine degradation by strain AD111.

12 h degradation rate of atrazine
B 24 h degradation rate of atrazine
~a-12h ODG()() value
——24h 0D500 value

—
(]
(=]

0]
[}
T

(o)
(=]
T

N
S
T

[\
(=)
T

Degradation rate of atrazine (%)

50 100
Conentration of atrazine (mg/L)

150 200 250 300

8 PIHFHIEREXEM ADI F KR 4 H
ey A

Figure 8 Effects of initial atrazine concentrations
on growth and atrazine degradation by strain AD111.

PIAE N, BRshiHS i 7E 100-300 mg/L i, B
Pk ADI11 34976 0-12 h P A K 2818, 12 h Z )5
FRIF AR PR A 5 TR B A 50 mg/L B3R BLH AN
(] () A= e, 33k AT RS 1 AR e v Bl vk i
BEATR B PR AR T TE LR B 5 B P 8 R P e e
ANIE o PR FEAE 100 mg/L LLFEF, kR

AIUATE 12 h N R S8 Rl s WRETE
100-250 mg/L A, 24 h PN B FE AT LK HL A 97%
DL b YFRER R IR S 300 meg/L B, Pk
ADI11 7 24 h I E#f# 3 nl LUK E)] 81.9%.
3 Wil

PRAEVE 22 [ 2 AT 8 ) 7 534 v A e fe ol
P RUEY) , 82 BT, O 2 AR PRSI 1E |
Gy 8 TV Z AT LARE BT R R R 4, by
e e 25 S A 285 ) HE VS AT A R A B K 43 1 7
W% 15 ¥ & (Arthrobacter ureafaciens) CS3. Zhao
AWV T 5 7K v 43 8 B4 745 FF 18 (Arthrobacter
sp.) ZXY-2 FRA AR5 B 1 AD26 # 2 AK
IREEAS B A TR AR, FLRE 7538 N A% H A P R
T 3% it BT R A A5 T 01 o SR i ) 3 v Ay ik
HE IR AR AT O3 il | Wl A 245 0 A 25 R G
B EEAEN, AP R TE AD111 A
A HH A3 o3 B AR 3, IS AT BRI
fiff A I BT L ke BE A 2 B s T o H RiG R Y
A 358 e o B ) BT AR R A R 22 RO T AT R
(Arthrobacter sp.), J&5: % [GPHIETR , U1 Getenga
SR JE W Y5 G +-3E P i i A TR bR GZK-1
Vaishampayan 2221\ E[1 B AR B 4 38 o i 2% Y
MCM B-436. A0 i H 8 B R 8 A
tk ADIIL i 5 18 3% 47 8% 6 6 D AT R
(Achromobacter marplatensis), &9 % [ PHPER ,
I ] A oA L R A e B R R A AR DG AR 1 7
FE4h, Fernandes 25 MAR H 418 rp 23 A3 EI 11
DL PR J TR (Pseudomonas sp.) F1 TG €8 /N FF T
(Achromobacter sp.) HIRG W, TE 24 h PIXSBTER
FrHE BRI T T 99%, FF A BTG /N
H atzA . atzB. atzC iX 3 FHEENS [ A BT Frhr a1
FEDR, A PR R i AR, IR T iR
PR TR (Pseudomonas sp. )it FEAEF . AWFIE
) FH L S 13 35 G 4 /N B (Achromobacter
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marplatensis)SE R RARIEL, [FAETE 24 h RS
FIRF 99%, FIHEN TR/ INGE 8 AR R,
Je KT T FLRE AR SE IR I A 42, o A i 4
H, Jo /N B IR RER AR LT 3T — S MR
ROl S A 5, % @ Rl LAz i TR
Z G e ) 20

AUFFE R, UE YO SR Z5 9 5 R 13
BRI . AR, AMINASTRIBR . R X TR AR i B
FERL A A RE S 27 A S BT A I R B Bk
AD111 AR EABIE N, AR50 I 6 Fi
HMINBRIE A RE SR TR PR AD111 AR KR Al
BAIRER R AR R T, 72 LU B9 TR TE Tz ik
TR IERE

PRI B9 % A B 7 5 553 AR A 2R 5% 8 R A 56
PR ZRA pH. HFRIE . IKYIKRES, &
R I G B Pl RR R R T ADIT11 Jeidi pH 3B
A 6.0-11.0, FRA%E T 5K PRI S P8I0 1945 1 7
(Arthrobacter sp.) DNS10 #xidi pH & [l (5.0-8.0)
AT A NI RN B RE 1 o A SCHRTR Hh AR
R EABFFE (Acinetobacter Iwoffii) DNS32 T£ i
JESh 25-30 °CYE N B0 A A BT e
Ffee 1, TEIRE R T 35 °Chf, TEARAYAE KA
BTRS PR A 2 52 2P0 P, bR ADTTT H
A LT A 3R R 3 7 [ (2535 °C). Radwan 20!
it i
Agrobacterium tumefaciens R A W X W E H
50 mg/L FAIEEHIHEAE 7 h PIRE] 80%[4fR %,
Zhang %5 PV E A 5 b 5 TR 11 S B (Klebsiella
variicola) FH-1 fioiti 7514(25 °C, pH 9.0) F X
FER 50 mg/L WIFTEERIFEAE 11 d B REAR R R
81.7%, Khatoon 202 18 S48 ZF fATF 5 (Bacillus
badius) ABP6 fE 304 °C. pH 7.05. %5
145.7 r/min , FUEER R K E A 200.9 mg/L fY
THOLT, 480 h BFFAARE Ky 89.7%, ZREfg 4
TE MR I8 T )8 (Rhizobium) AT2 1£ 30 °C, pH 7.0,

Stenotrophomonas  maltophilia

BT R Bl 100 mg/L B R A2 Ky 99%, 25
BH BH 45 PR 38 5 FF 14 )& (Paenarthrobacter) W11
£ 30 °C., pH 7.0 FaI4FHIHA B 100 mg/L B %
R 97.1%. MBTUA LR, Wik ADI11
£ 35 °C. pH 8.0 MIAIF T, 24 h MIXIUIE Ny
50 mg/L AYBTARFHL LR AR FE AT R 5 99.7%, KI
H R Y RS . Achromobacter marplatensis
ADI11 I HE XoF BT Rpr o o 5 A i 236 I 38 33
PLBAERREE RE )1, S8 S R T B L 8 b £
K- K Z A A H PR L8 B X S AR 7 A2 24
TR 1B A TR PR I

4 Hik

ARG N BIR VT 4k T A FH 3853 B3
— R T LA BT e kg R A K 18 s A T A
PrEE MR ADL, SNBSS . A AL
FEFT 168 rRNA LR A 434 , W L4 e Ry Hy ity
ot/ IMTE (Achromobacter marplatensis). 14
FTE 35 °C. pH 8.0 &A1, 24 h PRIGHeE N
50 mg/L B BTRFHT MR 99.7% . % 300 mg/L [
BT RFRL LR 81.9%. WAME AD111 A K FIFEf#
B AR A 4 ek B2 B ¢ 9 LA A P i B
R A SR8 52 b T A i A 198 v BT A A )
REPE AR T 468 8 AR
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