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HRF BIWE BAA FR TRE HEF ARE
AN A R RS S o B W B R e o BOKARBFGERT T BCM 310006

# E. [#%] —&59%B(Quinclorac, QNC)Z —#F HiaF., HE L. KEHBREN, TE2A
FobAaRE, K, HTELEFRERYwE EEMOERLT, M LA P K E 49 QNC
T HMAEREE FAERRIA, FHamEDBEEEMAFE, [ ABE LR 55 ik
BT ERREA QNC 69 E AR, S stk mdste, [ 5] BLEBEF. A B ANKE.
% P& A5 I B (Phospholipid Fatty Acid, PLFA)fZA %% . 16S rRNA KB R 5 Ao 2 Bk, @it
B HERBIR R AR SRR, [4R] HEF2—tpmTH 157 QNC BME, AR ALE
AT B B ¥R(Achromobacter sp.). TEMRAFHATR 4R A, B 15 09 EZFEMH: 30 °C. pH
# 6.0, A4k QNC RE A 100 mg/L. EFEH 1%, KT E4H 0.1%BEFZ. RRAEZE
i, FESRAAETIEAR 21 dJE QNC 69 F Tk 43.0%. (4561 2|4 QNC ¥ Bkt A iz @
MRt — BRI A

FER CRUERER, REHE 157, 2B %R, Bgss

Isolation, identification and degradation characteristics of paddy
field herbicide quinclorac degrading bacteria 15"

HUANG Siqi TUWANG Mancuo PAN Jiuyue LI Hongyan MA Chenyi
CHEN Mingxue LIN Xiaoyan

Rice Quality Supervision and Testing Center, Ministry of Agriculture and Rural Affairs, China Rice Research Institute,
Hangzhou, Zhejiang 310006, China

Abstract: [Background] Quinclorac (QNC) is a highly selective, hormonal, and low-toxic herbicide. It is
mainly used to control barnyard grass in rice fields with a long duration. And the growth and development
of subsequent crops are easily affected by QNC accumulated in the soil. In addition, the growth and
development of animals will be affected by the residual QNC in the environment, as well as the
community structure and the abundance of microorganisms also will be affect. [Objective] To isolate and
screen a strain of degrading the herbicide QNC from the paddy soil, and determine its

Foundation items: The Construction of Modern Agricultural Industrial Technology System (CARS-01-47); Collaborative
Innovation Task of the Science and Technology Innovation Project of the Chinese Academy of
Agricultural Sciences (CAAS-XTCX2019024); Central Public-Interest Scientific Institution Basal
Research Fund (CPSIBRF-CNRRI-202127)
*Corresponding author: E-mail: fzhlxy@163.com
Received: 01-02-2021; Accepted: 11-03-2021; Published online: 03-06-2021
BEEWHE: AR £ A A R # 3% 055 45 (CARS-01-47) 5 o 4RO B} 2 e BB A3 1 B [9] 01 T 55
(CAAS-XTCX2019024); o A\ 25 PERHIT BE Bt FE A BT Il 45 2% % 351 (CPSIBRF-CNRRI-202127)
*BIE1E&: E-mail: fzhixy@163.com
Wi EEA: 2021-02-01; #EFZHHEA: 2021-03-11; MLEEAHE: 2021-06-03



4112 A

Microbiol. China

degradation-characteristics. [Methods] The strain was identified by morphological, physiological and
biochemical tests, phospholipid fatty acid (PLFA) microbial identification, 16S rRNA gene sequence. The
degradation characteristics of strains with single factor analysis was carried out. [Results] The
QNC-degradation strain numbered 15" was screened and identified as Achromobacter sp. The results of the
research on the degradation characteristics show that the optimum conditions for strain 15" were 30 °C, pH
6.0, initial QNC concentration 100 mg/L, inoculation amount 7%, and added mass fraction 0.1% of yeast
extract powder and nitrogen source are peptone. Under the conditions, the degradation rate of QNC could
reach 43.0% after cultured 21 d. [Conclusion] A new strain was screened for microbial degradation of
QNC and provided a theoretical basis for further research on this strain.

Keywords: quinclorac, Achromobacter 15", isolation and identification, degradation characteristics

S MR (Quinclorac, QNC)J&— i B
PR RIS IREEERR LR, FEH T KRR |
L AR AR R A e DR BT R R B
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CIREICINY RS 0 K [ A N R T e
Z R BRRNTR Y R AR, DL A K A
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FAE R R B s AR e K g T
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e, PECERELTRAESE, 2 [ RR
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n] FEf#R QNC BIZN T - Lang S50 iR ALK & 52
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HFLREM Y R 3-F-7-H A L -8-WE IR 1R
3-G-7- W AR -8-MEHOR R . 3-SR -7- A Lk -8-

WR-FR IR 3,7- 46 FF L -8- s kR IR i R
J&(Alcaligenes sp.)ZH A I3 38 1 4 5 22Kk 52 0o ik B
R E A B NEE AT 2HE
(Pantoea sp.)ZMEE QC06 H9A= W& 2 5256045 S K i
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[ NEN S AR 7/ DO R G iR 7k AR 730+
S5 F 9T ¢ LR 7R Ry [ R & (Bordetella sp.) 4l &
HN36 ANUATREAFE QNC, i HxHmsnik, 452k —H
R . AR ANARIE Wyt Ay B A Ve U R HESE A
5K B4 K% W8 57 2F 5 3% PRI 1 (Stenotrophomonas
maltophilia sp.) JO3 X} QNC TEJCHLEL B FE K rp Y
REAERCREAE 21 d JEN 33.5%, 1 HLATA S0 & iR
QNC XtHtkA: K fEET, W FF I8 (Arthrobacter
sp )4 MC-10 7 d AT R fii5 9 + 3 /) QNC 5%
AU 2 PRSI SE & IR AU ve IR TE R AN T WZ1
B B N 3,7- A EMR AT 2-51-1,4-7K
FIR!,

H Aij 1 A A o IR QNC idikiE . o
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1 RS H %
11w

A MR B U AT (B RE 98%),  EEER A4
INFEL s 50% G MEMRER AT 121K 7 (50% Quinclorac
WP), VLI PR ARACB AT PR A 7] 5 A AR A GR &
H S A YA RS A 3 BigDye Teminator V3.1
Cycle Sequencing Kit, ABI 23] fH L3k A
[ K FE A 52 i FH , K F&(Oryza sativa L5 PN
Hr KRB I A R LR TR R 15

LB WA FR Ak AL 10 g, JREEE R 10 g,
IRk 5 g, pH 7.0, H4li/KEZ%] 1000 mL,

LB [S &K 0L SAL8h 10 g, BREEFIHE 10 g,
FrERR Ry 5 g, AR 20 g, pH 7.0, M4liKE R
1 000 mL,

K G5 F B8 (Tryptose Soya Agar, TSA)E:
Fedk: REBAIEABHEY 5 g, S5 g,
M AR 1 I AR 15 g, Bl 18 g, Atk E 5%
1 000 mL,

TCHLER AR RE 353, . MgS0,4-7H,0 0.2 g, FeCls
0.05 g, KH,PO,4 1.0 g, Na,HPO,4 1.0 g, CaCl, 0.02 g,
NH4NO; 1.0 g, #B4li/KEZF] 1000 mL.

SAETEL, Agilent A ] =5 VUBRAFF
1%, Thermo Fisher /A ] ; T3 {4i%FE, Waters 23 Al ;
OO, B R RS pH I, _BEY
HL R AR A A PR A ) 5 ARfB R RAR, iR
SOlAT R 5
1.2 QNC FEREEHREYTH 1%

W5 g A SRR A AR 100 mL JCHLER K
REEFR A, ARG FRIE TP IS INZSHR 100 mg/L
) QNC 10 mg. 7E 30 °C. 180 r/min %5 7d )5,
B S mL BR AR T QNC YR B2 200 me/L (198
PLERREFRIEN, 8 TR Td Ja, RS 20
HLERRE IR B9 QNC e EZIAH] 500 mg/Lo 285K
WRIEAT 10 F5 HUBBRER RS, JFHRITE LB [,
FEH I, 30 °C 7% 48 h J5 PRBUA R YA 7E 3T LB
[l REEFRIE ERIZ TR, HRPAFR TR o PRI

[FE SRR, 7513 A QNC #EH 100 mg/L
) IEML AR P 5 21 d, A
QuEChERS-# A €213 - H 1 T 35 32 il T ALk B 77
Frp g QNC WBEP BAE AR FE R QNC Bl
flOR R R QNC ML TRk
1.3 QNC PEBEHRIERE
1.3.1 Eff ISR EMBMEBE LT

Wbk 15" R T LB BIARF5E F, T 30 °C
Rig% 48 h, MEEVETE AL, IFEFR 5 T
ELRMIE A

A B A A S R P AR B A AR B, AR IR
oS RE I (AARMEEETM) G 8 ™t
E =
1.3.2  E#k 15”954 A5 A5 BAER (Phospholipid Fatty
Acid, PLFA)XE

T TSA B LI IX R4k ik 30 °C Ki R
Flh 48 h, B 40 mg 5% 3 X5, T 8 mL IR I3
BT, A1 mL HEEREE W, BEK¥% 5 min,
W IRT 5-10's, 4RZEH KA 25 min; FRAEETR
HJEMA 2 mL BIAIAF], &R, BEKG
10 min, HEPREFTE 80£1 °C, /KA HI(M A&
T AR R RE A B IR] , DL R SR AN B 2R M
ZRIWIR), ERHFHESAETIA 1.25 mL A5
VR, PEIRYS 10 min, FFEFIEKM; EF4A
AHUAHT A 3 mL F G50 K ) Litd 1R A AL A7 i
ZICIHIR, PREIRY 5 min, B 2/3 FEAPHE
SAHEIERE TR

et AR 15 SR I T AR 0 B I RR 4L,
A0 % FE 60.0 mx0.25 mmx0.25 pm;
ANy, AR 0.35 mL/min; #/A Hy, #
S 035 mL/min; A ESK, BEAK =
0.42 mL/min; ¥ 170 °C, #EFEIIIRE 250 °C,
o I #5BE 300 °C

AP E K Sherlock A8 WERTHAE ¥ 25 58 &
55(6.10), 1Z R G REMS KT BIRR 157 00 0 1 P 33 kA
AT, R SERMERTEE TSBA6 HX 5 HE4 T Rk
Y
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1.3.3  BE# 15787 16S rRNA £EEFFI N R RS
£ BMME

W 15EF T LB WA IR 30 °C,
180 r/min ¥53% 12 h J5, R E R K4 DNA 42
BOAH AR BUR R 15" 193 41 DNA, JH 1%
WEEE I HL VKA DNA 42 HUK%  PCR &34 5 [ 1R
Y 1 8 B e (27F: 5-AGAGTTTGATCCT
GGCTCAG-3'; 1492R: 5-TACCTTGTTACGAC
TT-3"), PCR W& % (20 uL): DNA 1 pL, BigDye
8 uL, 1E. KM 5#(3.2 pmol/L)4% 0.5 uL, KIH
EBT/K 10 uL, PCR M £1F: 96 °C 1 min;
96 °C 105,50 °C 55,60 °C 4 min, 25 PM§#; 4 °C
{&4F. PCR =Wy b i 0 AE DB A BR A vl i
My . WP 4R e R NCBI $odi e, 7
GenBank i BLAST #EAT[RIEMECXT . i
MEGA 7.0 47 R4 & & 70, R H] Neighbor-
Joining ARG L B .
1.4 BEHk 15"F&#2 QNC RS IERTR
141 RBREREERROSE

PR 157 8R035 100 mL LB AR 3,
30 °C. 180 r/min £53% 48 h, 8 000 r/min &.[> 5 min
Ja 2 B, DUTE Kb A B K R i 2 Ik,
FHTCAILER 1 1A 8% 77 2k T BT B ODgoo M 1.0,
S
1.4.2  #7%4 pH % QNC PEFEZIZER B9S2

Ji i QNC He 55 24 100 mg/L (8 JEALER W 1A 15 35
B, PR pH M 4.0, 6.0, 7.0, 8.0, 10.0,
103.4 kPa K[ 25 min (F[A)), #Rh i8R 5%,30 °C.,
180 r/min ¥5%¢ . M AlEFERMIGH 3. 7. 12, 15,
18 121 d BUFEIZE QNC HIUREE, FFHRELLTR A=t
TR : QNC FEAMRE A (%)=(1-S2 30 5E (B 4 R
WAEE)*100, FAAEERE 3 AFAT, FEFRA
T H A FRAE A5 BE
1.43  #118 QNC 3KE 3 = S M ER P4 AR S50 2R 1Y
Al

Bt QNC ¥k 20, 50, 100, 200, 500 mg/L
TCHLER AR IR 5L, 87 pH ol 6.0, KT, %

FhH 5%, 30 °C. 180 r/min K535, 43 BIAEERD
JERI 3, 7, 12, 15, 18 fi1 21 d UM E QNC (¥
WP R . BRI E 3 A AT, [RlA
BT 1 AL FRAE Ry 5 B
1.44 EMEN QNC FEREERE N

B il QNC ¢ & >4 100 mg/L f JCALER T 1A 8% 77
B, W pH R 6.0, KIEJEA M 1%, 2%.
5%, T%H1 10% R =W, 30 °C. 180 r/min K555,
AYSITERERNS I 3. 7. 12, 15, 18 F1 21 d HURED
JE QNC BRI RE AR . b P E 3 A4
AT, (RIS AN TR A A B Ry Xof R
145 EEEMESEX QNC BEEMEIM

Bl il QNC & 2 >4 100 mg/L (1) JCALER A 5 77
e, P95 pH Ry 6.0, Z3AES BT 3080 0.0.1%
0.5%. 1%FN 2%MEEEER K, KEFHEA 1%
B, 30°C, 180 r/min ¥iF¢. s HITEEFNE M 3.
7. 12, 15, 18 Fl 21 d BURED 2 QNC W EEIFiT
B AR E 3 AT, R
AR AL BRAE R0 B
1.4.6 TR QNC FE R R B &N

Bl QNC HeEHy 100 mg/L FIZ&IE S )M R
., EAM . (NHy),S0,. NH4NO; fil NH,Cl # G
PLERWR ARG TR, 7Y pH R 6.0, KR FHA 7%
AR, 30°C, 180 r/min 5%, 3 BITERFN G
13, 7. 12, 15, 18 F121 d BUFENE QNC (¥
FEITFA R . B E R 3 A AT, R
AN F A Ak B S ok R
1.47 REX QNC MBS EIS

B il QNC ¢ & >4 100 mg/L f JCAILER T 1A 8% 77
L, P pH Ol 6.0, JCHLEREEFRILM AR R
J, BN 0.1%BEEER By, KIS HEA 7% T &
W, BOERTFRIREE M5 20, 25, 30, 35, 40°C,
180 r/min K537, ArAlAEERIS I 3. 7. 12, 15,
18 A1 21 d BRI E QNC 1M FE 15 i %
R E 3 AT, RN b BEAE
xif i
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Fic il QNC ¥ B >4 100 mg/L f) JCHLER Y 1A% 77
S, AT pH N 6.0, Kif. TCHLERRTFRILM AR
SRR, BN 0. 1% EERRR A, HEA 7% B
Wi, 40 °C. 180 r/min $5 7. SHIFEBRG Y 3., 7.
12, 15, 18 fil 21 d HUFEIE QNC Mk EIFITHE
MR RIS E 3 AT, [RINHEA LR 1
AbFRAE XS IR

2 RS540
2.1 QNC FEfRE 15°0LEE
211 ERR 1SRRI AE AN AE TR A LA 1

2 40 2 i 15 31— MR B AU RA S QNC W B
PR 15", HBHVERRE X RERE I E 1 R, T
S2EIE, Bk, 2o, i, RiEH, L%
ST, G WARAEIR, JOZE, AL R P
HA AR RN ER 1 R

SU8010 3.0 kV 10.2 mm x30.0 k SE (UL)

El1 E&kISHEEREK

Figure 1 The colony and bacteria of strain 15"

e A: LB PR EWES: B: ARLETRNES

Note: A: Colony morphology on LB plate; B: Bacteria morphology
under Scanning Electron Microscope

F1 EHEISEEEE L

Table 1 Physiological and biochemical characteristics of
strain 15"
545 Items 45 5L Results
B-2FFLHEF i B-galactosidase -
4R Arginine
i R Lysine
5,50 Ornithine
FPEEIR Citric acid
i b= Hydrogen sulfide
Jx A Urease
LA Lactose _
n5[E Indole -
V. P. test -
B Gelatin _
Hi%E M Glucose _
H #&# Mannitol _
HLEE Inositol _
11 Z4EE Sorbitol -
F 2= L-rhamnose -
WERE Sucrose _
% W Melibiose _
A~ F Amygdalin -
BRI H7AF 4 Arabinose =
FfLTE Oxidase 4
D-#%## D-ribose _
- B# Raffinose -
JEfE Catalase teste +
e o+ BHEE — B

Note: +: Positive; —: Negative

+ o+ o+ o+ o+ o+

2.1.2 E#k 1589 PLFA X 4R

K FH Sherlock A4 ) % 5 R TR 15" 0EA T
W, YA (SD>0.500 45 R (S, 455 SR
PR 15" S5 AKE S AL TG (T T AR BLEE (ST) A 0.740,
VCRCPEAR TS, SESRATE. Bk 1S"HENEAE iR LA
WA 2 fis. Ekk 1578 e a5 5 O e .
2.1.3 EHK 1589 16S rRNA EE RFK A E S

Witk 15" 16S rRNA JLFHF4 FiEx
NCBI #17 BLAST & A7 R 741 L Xt , Ift it R4
REW . B3 NHER 1571 16S rRNA FE[H RS %
B, IE 3 AT LA 1, Bk 15T 8O0 6
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[TSBA6] Achromobacter-xylosoxidans-xylosoxidans (Alcaligenes)
Sim index: 0.740 (Distance: 2.757)

10:0 30H =

12:0 [

13:1at 12-13 F—
12:020H | *

12:030H —

14:1 wsc [—

14:0 | =

15:1 woéc

20H

16:1 w5c¢

16:0

17:0 cyclo

17:0

16:0 20H |

16:0 30H | oo

18:0 ——

19:0 is0 p——

19:0 cyclo w8c ==

Summed feature 2

Summed feature 3 —f—

Summed feature 9 ==

0 10 20 30 40 50

B2 Btk 15"80 8 BE AR AR BR LA AL
Figure 2 Phospholipid fatty acid composition of strain 15*

g2 | Achromobacter pulmonis strain R-16442 (NR_117644)
47 15* (NR_MW407960)
liAchromobacter xylosoxidans strain Hugh 2838 (NR_044925)
13 871 gchromobacter xylosoxidans strain NBRC 15126 (NR_113733)
Achromobacter aegrifaciens strain LMG 26852 (NR_117707)
{Achromobacter insuavis strain LMG 26845 (NR_117706)

Achromobacter insolitus strain LMG 6003 (NR_025685)

N

36

Achromobacter anxifer strain LMG 26857 (NR_117708)
7

31 gchromobacter denitrificans strain NBRC 15125 (NR_113732)

Achromobacter agilis strain LMG 3411 (NR_152013)

Achromobacter animicus strain R-46662 (NR_117615)
53 ,— Achromobacter deleyi strain LMG 3458 (NR_152014)
45 Achromobacter mucicolens strain R-46658 (NR_117613)
—
0.000 5

B3 HEik15%E T 16S rRNA EEFIIM RS L G

Figure 3 Phylogenetic tree based on 16S rRNA gene sequence of strain 15°

E: BSPFSNERERS; 535 LN Bootstrap 2 HF3R; FRRZIEE=0.000 5: JFHI22 715 LK

Note: Numbers in parentheses: The sequence accession number; Numbers in each branch points: the percentages supported by bootstrap;
Bar=0.000 5: nucleotide divergence
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A A2 AN, HkR 157 (GenBank %55
NR_MW407960) 1 fiti # J& 4 fF R-16442
(GenBank %355 NR_117644)7E 16S rRNA %t [H
RERER ERETR 03, HEER
99.93%. Ik, HHk 15" E A LOITHE
(Achromobacter sp.)o
2.2 EFk 15 %R QNC RYBE R4S
2.2.1  #I%5 pH M E R 150582 QNC B9S2

MIE 4 AT, Bkk 1S EREES SR (pH 10.0)/)
AP BRSO 2, B T DR TS , BEAR AR
Wik, MEFIRIRY pH E2 6.0 I, Bk 15740
FHGMRIE I BT B AR AR I, BRI 27.5%,
Wi J 3% A S5 S S R 1 4 5 1T 55
2.2.2 #1% QNC iRE X QNC PERRMER A =M

Bk 15778 QNC #I R E N 20, 50, 100,
200, 500 mg/L 1) ICHLEE I 1A 15 % 55 v i B i A
FAnE 5 . 24 QNC BYH S 20 mg/L B[
AR, BEE MRS, Rk 15T A
AE IG5 HWIHR QNC ¥y 100 mg/L I & #k
IS" R M e, FRIRR N 27.2%; 24 QNC ¥
BEst K, BP 200-500 mg/L B, Ekk 15"%F QNC
(1 e i AR R AT

40

30 -

Degradation rate (%)
(3]
(=)
T

El4 pH{EX QNC FEEMERFM
Figure 4 Effect of initial pH on QNC-degradation by
strain 15"

40 ¢

(98]
(=)
T

|

Degradation rate (%)
[y*]
[

(=)
T

20 50 100 200 500
QNC concentration (mg/L)
5 QNC #3ERE 3T QNC P& RRIE B 200

Figure 5 Effect of initial concentration of QNC on
QNC-degradation by strain 15"

223 EMEXE 15 MR QNC M
FEMIFREFRMF T, AR X QNC A
ROCRBM AR 6 B, 7E 21 d R R,
MEFRTE 1% 7%k 15 AR iR 2B E T
HAB, YRR 7% R 15" RS R R
AR Ra E IR QNC, 1535 21 d S5 T 35
28.4%; AP 7Y% R RIS
224 BEBESENEK 154 QNC N
P BEB TR IR O BRR 1571608 QNC s ini& 7

SO
&
RAXI K]
= RS KR
2 R K]
S R KR
g BRI BRI
2 5 B
BRI
S 20 Q%o XX
= K&K KLY
BRI X
= KX IR
S . [ Qodede! (RS
:  m BB B
S KRR e KK XX SR
E S s T = N N
= KXXX) PRI KXXX] BRRKY KRR
BIKS R R3S XK BIKS
% RS R B RS
A 10F KX BRKKY RS K K
BN OB B Y
D P Dx
XK RXXY ’RR XX KXRY
RS ! S PO !
P
03 o bS] ! o
KX XX PRRKL KXXX] K RRR
RIKS R BROS XX KXY
KRR BRKS KRR XS KRR
SR I T
0 0% RXXK (R 0208, %e24%!

Inoculation amount (%)

6 EEEX QNC BEENENZIE
Figure 6 Effect of inoculum on the QNC-degradation
effect by strain 15"
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30F

Degradation rate (%)
EEEEEEEEEEEEEEER

0.1 0.5 1.0
Yeast extract content (%)

7 BEEAE3 QNC BEBMENZN
Figure 7  Effect of yeast extract content on the
QNC-degradation effect by strain 15*

Fis o B R S N B TCAILER B 75 56 7T LU HF
IPRIAERS, ETHE S AR X QNC Y R AR AL
ULETHLERREFRILRIN 0. 1% BRI, Bk 157
XF QNC RIS, BRIEFRR 30.3%. AR
TNEEREE AR B AN L, iRk 1574 QNC
(ISR R BB TN 0.1% B RE B R4, 1%
RN 2% 1595 21 d IREROR i 2s .
ﬁmﬁﬁﬁﬂﬁﬁﬁﬁm%%u MEEREE Y
BB REAR TR BB IEAT R QNC, (HJREEEEE TR
mkﬁ MR 1S FRARIE I & A i A 1T S 2k At
k.
225 FREREXE#K 15 4 QNC B9S2
ANFEIEXT QNC BEFRRCE 2N UL 8. H
B8 mTAl, AFEIES R 15 % QNC Y5
AR Hrb, DIEAGE AR, Hkk 1570w
QNC MRCRIEEF, FERERN 32.8%. ARIA X
Bk 157FR MR QNC A 4E HEFE T . & A
JlE>NH,NO;>NH,CI> R Z>(NH4),SO04.
2.2.6 FREIBEXEE 15 0482 QNC B ME
WI4H pHAEH 6.0 91 4f QNC ¥R 4 100 mg/L
FERPE R 7% . TR F S 0.1% . A A E M
R, FEARTRRETT, Wtk 154 QNC HE N
WE 9 frn. HE 9 A, BFEERFREER TS,
vk 15" 0% QNC IFRMRAE JZ Mg ae,; 215

40

Degradation rate (%)
e} w
S S

—
(=]
T

Urea  Peptone

NH,Cl (NH,),SO, NH,NO,
N source

B8 SMNEEIA QNC FEREMIE B0
Figure 8 Effect of external nitrogen source on
QNC-degradation by strain 15"
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Figure 9 Effect of temperature on QNC-degradation by
strain 15"

IR 40 °C B REFRRICR T AE: , R R 43.0%.
227 WEBEFEHTHEBRIFR

TERGE SIS, Witk pH 4 6.0, #IhG
QNC ¥RJEN 100 mg/L, $EFER 7%, BEEHZ M
TN 0.1% . AR E FRE, EFRIREN 40 °C
Big% 21 d MOTARK 15" QNC B B0 Fn A Kl 2k
mE 10 Fr. 25 21 d B3R 15T R AR
43.0%F QNC, FEitk 15768535 3 d JG AN %k
K, 12dEi#EARREN, 18dF# AR,
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Figure 10 The effect of on the optimal conditions the
degradation of QNC by strain 15" and growth curve

3 iwig

QNC Z7E LR, RBHK, B %E
FRYEY = A= 2575, 78 AR A1 T H B 1 YE R i A
A YIRS . TEIAT B R ZEA R ik i) QNC
R fff DL ER A 0 ] B 2 25 5 M B, X A 1 1 B
QNC FERATB B IFR LR ZMIE . AIRE
TG HH 3 A B PR QNC FEfR TR, AR
QNC 3R T5 YA H rp 320 2 N o ASHIF9E i 1k
RS B9 TC AN TR (Achromobacter sp.) 4 % B
W, BIR AR, ERESEKY ERTH
W RAEEET] B-A T W 41A v R B r=as & B+
OAFRE, o mTE AR, LEaiF R
AP —Fh, OB E I TC AT B T LA R AR
5-50-2-AHk i ROk e RO P AR R
TIETHEEP SISV R, DL 2,4-
SAHAZTR(2,4-D)FI 2-H -4 S0 R (MCPA )7
A2y, I HAT LA T AR RS, x4
JRARP R L PO A — E R, B R
1A P ST 5 o

AT LA 15786 QNC hiE—RR 5L
KA, FETCALER BE IR B b 15 55 21 d W R 43.0%
() QNC. i1 A ZiR I A bk 15" WA 451k,
£ 40 °C .pH fH°4 6.0 W] 1H QNC ¥4 100 mg/L .

FERPEEN 7% WSINBT R E08 0.1% M BEEER By |
RN E SR, Wbk 15" R R i
1 B TR I R AR AOR 5 2R R A G A8 TR
pH {H . WILR Y s vk B . 3 AT & DL JE F- )
TR RE B 5 B AR Re 055 o R RS A WA
K5 M ESEYEFE R, B 22050 0 % m il
A A K B AR I S e RUZE IR QNC 1Y
W, CIRIE R QNC [ Al T8 Y e i iR R
25-35 °C Z [0 AR QN ek ) B
W03, TEFFHAEIE 42 °C 4K, AR5 310
IR AT A A KN . R 157
30-40 °C Z A HIRE T, FM%H 26.9%—43.0%,
P I AT 192 TR K R 060 325 7 7K RS o A 9 1) ) 3
BE. QNC 2= 45k & A Gk iR B, pH H R
4.35, SEEMPEDY, TERESIE T Se, Mk
PRI QNC R ES o SR /KA IS BAE K pH
A 6.0-7.0, Frlk QNC A5 7EF H -4 5 SR
B AW R B PRAE pH (HH 6.0-7.0 FY4%
TFT, BESOR I B Ar T HAB S, TG NirE A
IRIRIE N MRS P Y QNC. b it [ RE XS Tk
(A REE AP BB T 7™ A 5 ) o k3 3o 52 i B E 0 B
ARCRE Ty, T R I DA R A R B L SRR IR
S P EN TR B R I K A BRI B A R
TR I T R B R R B TR A YRR
T TR 15" B f s R A, AT Hr e R i
QNC; MRt 7%, MRS T,
Ji R AT R TR A ] (9 S A ) S BOE R A 2
S QNC FEfR
L0030 28 DL R 5 AR B A 0 1 o
REJIA FTsgmd . QNC VRN TRRRAIBRIE , R EEXS TR
PR 1S PR RASCRAT IR KBS MR  7E S TR R e 3
1 20-100 mg/L FUYEIEIN, FEFEFE QNC WY
B (RSB RTE R, QNC FEff RS Ab
THARACY, JEL R AT B2 R FE Y QNC 77 A A 3
TR DT 00 4 B R A A . B B g
B, 4 QNC kB — o FRBE 2 X Tl AR ) i 1A
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febENE . HRTHGE R/ IR QNC B ik R
5mg/L, WEZZZEFEFRHME 103 £53% 21 d X QNC
(RRAR R N 33.5%) . Fe K RI iR QNC i v J
1000 mg/L i, HEAUATRE WZ1PEFE 5 d
ATREfRE 90%) QNC. AWFIEHTHISCI CAFHl, #
BRHEAF A B (A U84y . 375 g/hmd)iti ] QNC, +
HEP Y QNC W 15.0 mg/kg. ficfl QNC #e i it
R AR w55 11 A it T AN GE T8 L QNC V5 ek
o SR B R 15"t QNC WS QNC 15 4™
ARSI 3 QNC W o BT, S RS
Yefd 0T BIR B FP ST UG SR e T AR
IS RO CR , AHF9E & B [ Z IR Rk 157
Fff QNC RYMESEVEFITUT A . 26 FHIF>NHNO>
NH,CL>JR Z>(NH,),S0,, 7EHA 41 R] 3745
T RE R B RS AR R R nT 3 T 6.9%-13.3%
PEREE & TR . AR . IR BT
B RYE A Z AR IR , ANLARRYE A5 AR 1Y)
RO FE S [R] Bt 2 A R AR A K A A R R
WEFRIUR B RIS IR e A K
Bl 1 T B e R o

I i ] PN 23 O 5k QINC i B A
ke QCo6! ., Fkk HN36!'!, Fikk 70314 F i)
FHFREAT5 U MR T B QNC FR B, I 24 0
BREMEE, (B4 & TR QNC ¥5 Y fs H FE ik
AIBFFEAR D AR 3 X bR 15 WAk o iF
FERIL, PR 15 RLE RS IR SR AR RS
RGEHA M. BEMAREN, Ik, WA
BFFEHbR 15" QNC B K e & 5 S 25 1)
RN — W R E SN E, T e — A5
Bl AR BRI P IRl | A SE 6 2 1 — RS
BIR 157 A S B FH AR AR AL
4 Zig

AT R A 53 15 7 16 1) 510 DS T 1 45
Hh i 16 H — R T AT R AR QNC BIBEER, iS5
157, Btk 15" G S EMEL A F AR,
NERE MR % E LA K 16S rRNA KL AR H %43

Mr, %5 IO # (Achromobacter sp.), FEXT
P LS IR R DA T T IS, AERERM, K
TEIRE R 40 °C, pH 6.0, QNC ¥R 100 mg/L .
BeFP ol 7% . BERRR B INAL Y 0.1% . A8 &
P R R A R T i, 597 21 d X QNC AR Ai T
ik 43.0%. AR PR B 2 5% B T YA R — T R
ZM TR, AU AR B QNC I3 Je it
BT, IRIZERR R T — 0T SR e 3L
filf, XHEE QNC 15 Y4A8 3 58 A — @ 2 3.
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