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Research progress on microbial degradation of nicosulfuron
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Abstract: Nicosulfuron is a herbicide of sulfonylurea group, which has been widely used in corn fields
due to its high herbicidal activity for control of annual and perennial grasses, certain broadleaved and
cyperaceous weeds. However, residues of nicosulfuron in soil can cause phytotoxicity to sensitive
succeeding crops. Degradation of nicosulfuron by microorganisms would be an effective method for
bioremediation of polluted soil. The usage and hazard of nicosulfuron, microorganism species that can
degrade nicosulfuron as well as the degradation characteristics, degradation pathways, degradation
enzyme and its encoding gene were reviewed. So far most of the researches have been focused on
screening of the nicosulfuron-degrading microorganisms, degradation characteristics, degradation
pathways, etc.. Study on the degradation enzyme and its encoding gene in nicosulfuron-degrading
microorganisms were limited. It was suggested that the development trends of research would be mainly
the cultivation of composite microbial system, environmental ecology of degrading microorganisms,

degrading gene and formulation of degradation enzymes.
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Table 1 Categories of nicosulfuron-degrading microorganisms and its degradation characteristics

B SCmRiE

Tk WA He B otk .
Species ~ Microorganisms Source Degradation conditions Degradation S'ource of
rate/% literature
i) Bacillus sp. 5 K A B KRR 30 C, }iFR 5d, HFIPIRIREE 2 mg/kg >70 [7RIAZE A
Bacteria Water sample of wastewater Initial concentration at 2 mg/kg under the
treatment tank conditions of 30 C after incubation for 5 days
Alcaligenes faecalis TR R S B 77175 e e pH 7.0, 30°C, 5% &ffE, ik 6d, 80.56 Zhao %5
ZWSl11 Sulfonylurea ZiFIMIAG A E 500 mg/L
herbicide-contaminated soil Initial concentration at 500 mg/L under the
conditions of pH 7.0, inoculum amount at 5%,
and 30 C after incubation for 6 days
Pseudomonas sp. Tl K AR FE I A pH 7.0, 30 °C, 5% EFhit, #5374, 65.4 AR K2R
YN-8 Activated sludge of industrial ZiFIMIAEE 100 mg/L
wastewater treatment Initial concentration at 100 mg/L under the
conditions of pH 7.0, inoculum amount at 5%,
and 30 C after incubation for 7 days
Bacillus subtilis VKA R KR 30 °C, #¥9r5d, ZFPIEHIKEE 2 mg/L 87.9 Lu&gt?
YBI Water sample of wastewater Initial concentration at 2 mg/L under the conditions
treatment tank of 30 C after incubation for 5 days
Bacillus subtilis AR 2335 7K AL TG MR e 30 °C, }iFR3d, HFIFIGHIEE 200 mg/L >90 Fr e
ND1 Activated sludge of pesticide Initial concentration at 200 mg/L under the conditions
wastewater treatment tank of 30 C after incubation for 3 days
Serratia marcescens bR K AL FE B3t 4d, ZHHIERIKIE 10 mg/L >90 Zhang 224
N8O Industrial wastewater treatment Initial concentration at 10 mg/L after
incubation for 4 days
Micrococcus sp. +1 Soil 30°C, HiFR5d, YIRS mg/L >92.2 S EEs)
Initial concentration at 5 mg/L under the conditions
of 30 C after incubation for 5 days
Rhodopseudomonas AR HH -4 pH 7.0, 30 C, 6% #hiit, i3k 74, 322 R B A
sp. Farmland soil ZiFIRIAE MR B 400 mg/L
Initial concentration at 400 mg/L under the
conditions of pH 7.0, inoculum amount at 6%,
and 30 ‘C after incubation for 7 days
HW  Aspergillus niger 15 RKAE BB R 30 °C, HigR5d, HFWIMHIKE 2 mg/ke 80.31 7R A
Fungi YF1 Water sample of wastewater Initial concentration at 2 mg/kg under the conditions
treatment tank of 30 C after incubation for 5 days
Talaromyces flavus R Tk 5 L B P e pH 6.1, 29 C, 0.55g/L #fhi, 100 Song &7
LZM1 Nicosulfuron-contaminated 9% 5d, ZiAIIRHEE 100 mg/L
activated sludge Initial concentration at 100 mg/L under the conditions
of pH 6.1, inoculum amount at 0.55 g/L, and 29 'C
after incubation for 5 days
Penicillium RG] R AR 3% 9% 6d, ZFIRILAIRE 100 mg/L 100 NSl
decumbens Farmland soil around Initial concentration at 100 mg/L after
YC-WC1 pesticide manufacturer incubation for 5 days
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Scheme 2 The metabolic pathways of nicosulfuron by complex microorganisms in soil*”
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Table 2 The degradation enzymes related with nicosulfuron
, " i ok ik Ak
b x5 st e FEEI FERCRAT i
. . . . Degradation Degradation Source of
Degradation enzyme Type Location Microorganism ., .
substrate condition literature
E3 FiiFi Oceanisphaera Yo ke 45°C, pHTS  JHEHEIT
Esterase psychrotolerans nicosulfuron
LAM-WHM-ZC
SR EaRed JiE Py Talaromyces R v i e 40°C, pH7.0 R
Flavin containing Oxidase Intracellular Sflavus LZM1 nicosulfuron
monooxygenase enzyme
i (. Z P450SUL ALl — Streptomyces it — Omer %1%
F1 P450SU2 Oxidase griseolus ATCC metsulfuron-methyl
Cytochromes 11796
P450SU1 and
P450SU2
TsmE N - Methylophilus sp. WA ik 30°C, pH7.0  ZEIGaEee
Hydrolase S113 thifensulfuron-methyl
Sue K fE e — Kurthia huakuii T % cinosulfuron — Ruan %09
Hydrolase LAMO713
SulE i ity — Hansschlegelia  WEWykbE . FRR[E. FEZSR%FE. 40 °C, pH Hang %589
Esterase zhihuaiae S113 T e T S T 7.0~8.0
thifensulfuron-methyl,
metsulfuron-methyl,
ethametsulfuron-methyl,
bensulfuron-methyl,
chlorimuron-ethyl
ECY/BUR R AN G VR A N4 SO v e — Kang 5507
Vegetative catalase I Catalase Extracellular enzyme nicosulfuron
LA E bt g N st Bacillus subtilis O v — Kang %07
Acetoin Dehydrogenase  Extracellular enzyme YBI nicosulfuron
dehydrogenase E1
ABC #izEH — JiTEAN S v e — Kang %07
Manganese ABC Extracellular enzyme nicosulfuron
transporter

e I RORCFE RIS

Note: “— means that there is no report in article.
T, RO % PR R O R RN . 1R
E PR RIR A 40 'C, pHEA 7.0, (HIHLIEMER
S RF T B B R T I ARAE, DR GO — P A
WAFTI R  FIHC 55 R IW,  O. psychrotolerans
LAM-WHM-ZC B ¥k i) % li——R g B3 7T A A%
P fr s i, 7E 45 C BB RFe e, BEE IR
FFTE 80% LA L; WS E3 FER HIMELE (25~60 C)
A pH (7.0~8.5) 5 Bl P4 Bl vis M 3 300

WAL, A5 % o fifk T AR T 0T 0 v i o (1)
fRCHIBZ W FiikiE . Kang ST T Ak A 251
FE# B. subtilis YB1 B A AH Bl 93T M 138 Tk o2 ) o
fift, 5K, 7£35°C. pH 9.0 Z&MFHF 70, B
PRI RSB XT 5 mg/L R % il 2 (1) 5 A 22 66%,
L AZRH Bl VA B SR A T AT DR R R I, H

of el AR U X ARSI IE T SR PR AT R
A. faecalis ZWS11 B A i 41 AH B0 0 s Tk o2 )
B AR, 3012 L TR VR o 0 v i e 1) o i 2 K
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M BE AR S R, BA BT #vEe e MR pH AR e .
X 122Kt 9 S S B o AR ' D A 8l 10 b 2K o ok
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5 RNEERE AR R RAD A F M i R
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B R Bl A 5 L i A P 1 ) B A SR T R L
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B AR A LB SRR 25T & /AR %, (HEAT
WO — R, OF 2 AT R i Ik 2k
AR 2 ) o2 g kg DRI A B D) e B . Omer A 70 14T AR
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A subC o 2% MBS 1R R 2H 4038 gt g 57 5 IR 46 S 1)
J5ik, MIEFRILE Methylophilus sp. S113 HHR3R
13 7 WEWy Tt P K R SE IR tsmE, Z LRI R IE
YITE 1 h WEEAEIE 100 mg/L 1 MEW) s [ /K i o TG
R B T PRI WE ) i P R . Ruan S50 5% R AR I
J& Kurthia huakuii LAMOT713 B #1547 45 56 B 2H 00
FFy SLREAR R A BRI R sue, 1ZFERIZHE
HRIXJGRERETE 15 min KE 50 mg/L kA P
it 43.2%. Hang S5 R Hansschlegelia
zhihuaiae S113 BEPR T CD) v B 1 4 AL 16 1 %) 5 K]
SulE, JRINAZFEDR (1) 2325 F= W) 0t 2 Ffuhigh ot R =4S ok 2
HIEA R fRRE T

SR, H AT O R I B T8 1) A D% M e Tk o
ARV RE R I B R IR o RGeS 3 i 6 e A B
it s i £ 1) O. psychrotolerans LAM-WHM-ZC
PR IEAT A BRI 7, &56 R 4 i DL K R
AR PE ) Dy RevERE, JFREAT A E AR RIA
5. AW T Jnhd Ba e i B R e3 72 B bk A B
fif B I B DhRe FE DA o oR 4 e 3217879 A BT WK TR
LZMI B #k P 28015 2158 3R S0 B, 1% nT e
A i [ (1) R PO JOR AT DR 288 I WA 17 o A 122 %
BRI FERA fino. Kang Z5C" W20 M B. subtilis YBI1
MR BV RS T 3 PR (B ABC ¥ig iR
H. Y EERE 1A ERE E1), JE5
FEAF 3 1 b PR I 22 R (G G2 #1 G3), fH
3 A 5 A il R %) R0 0 e 7 %o 0 s i e LA
A WAB Y SK p iam Z TATI

6 FHEOBSRE

Tl A 0 o PR B3 R T B AR 28 7k B B R B AR
i Z AR —, R, RT KRG
R e P R i 5 1 2 52 3 7 WF 703 B0 3 R0
B IR BT B I JOR S o 5 ) el A ) B A TR 2
BT, AERE 7 #R 2 OC T MR B IR 20 8 L B g ks
PN 3 g 3 A T AR, 1T AN 23 TR AR

BIF 5 Ak A= 0 £ A At 6 TR LA B A il 2 7 FEE F 9 2
PR T AR R R D, I H 2 300 70 5 BE A2 s 56
EM B, MR TRERVER B, R
PRI . DR 40 4 J5 A F 9 A 92 32 22 ) DA
NI HEETT.
6.1 [EEEEERIESR

AR A D T Tk JOR 25 53 80 750 £ Ak A= 0 B8 A F
T E TR R E R AT AR R, R
PRIE H AN B A% R W) B A B 7 R AR, IR HAERE
fi it P B R A PR R, AR B AR
WEWTEET . DR, 7R LAY
(O R, MR e Tk o e 28 ] B AR SRR
SR A% 25 B — T Ao o 00 s Tk 2 (1) A A2 O AN BB 08 fi
SRR R 2021242730 A U ARIR S R, R 2B
B TR ZE RN, Rk
B F S0 =5 N B AV Ve R, RN EIE IR
B8 5 A0 0T B8 DR C v A AE T A RS B B AE FE . T
A T A 8 77 T E I AR 2 1) B AR B R
WEER, 225 &8 LI B ARtk & 21
JEH L, I BRI YT AE Y IR R FE R AR
BRI,
6.2 MEEMEMIIMEESEMR

Vo 2% f A P B o B A 205 e IR B )
B PR e 75 38 B AR I PR B AN 5 4 4 K
W R E S Al L E A2 BRR. — T
THI, 2 b 3 Pl A 24575 YL IR 55 1 B4 g i A= T
RESZ 3 L F AR R RE I (U0 HARSRAE P i A AR
F) AN RE 8 2E K, DR s S RE B R 10 34 1
M 2R 2 06 I s T o (1) B AR VE s o0 — 7 T, 82
Tl 1) A 355 v (1 B AR AR A 0 B T g 2 X - B AR
FEVR IO Z ARG B . PR A 2 4
M IR B N IR T AT SR A 1E,
B, I FE U 5 T A TR N T AR N P B R
Y SRR AESR R A EER L.
6.3 HEMIPEREEE M TFIE

A1 5 T kA= 0 ot Tt T JOR 4% ok 505 71) o i I [
(IR FEAT e /D, I JEL A At St 0 e i e 5% it 326 A1 1)
WHCEE >, X7 AT T TAE A fE . fR4E 3k
A5 ) 00 e i e A i 5 DR R 2 Th RE I 2 IH T A
B, N RS B A 5 e IR B (0 AR s R DL R A e
J AL TR K M A M A R L TR i B % . A
B AR L DR R AN R & T R R B IR i HLAE
THBRTREE 25 3% UL i e e B B T I B



684 K EE R

Vol. 18

JE BB ER AN S AE
6.4 [EHEEEHIFINMR. FLXE5NA

HIHIE RRAE N BENLRARSE AR, R e IR
I3 BT P o A I 2 B 2 DR BEAT 70 7 okE, W
RARE W] O 0k R T RE T A A AR A
PRI, A, REAS 21 P P AR I T 5 ol v 28 ) il
il 750 58 A A T 24 00k B I e e Bk o R I A 5
FE HH 8] 1) SE RS A 15 T2t — P 7T

2 £ T #k(Reference):

[ 1] ENCISO J, NELSON S D, PEREA H, et al. Impact of residue
management and subsurface drainage on non-point source pollution in
the Arroyo Colorado[J]. Sustain Water Qual Ecol, 2014, 3-4: 25-32.

[2] SABADIE J. Nicosulfuron: alcoholysis, chemical hydrolysis, and
degradation on various minerals[J]. J Agric Food Chem, 2002, 50(3):
526-531.

[3] DE LAFONTAINE Y, BEAUVAIS C, CESSNA A J, et al.
Sulfonylurea herbicides in an agricultural catchment basin and its
adjacent wetland in the St. Lawrence River basin[J]. Sci Total
Environ, 2014, 479-480: 1-10.

[ 4] FERTEHR AR IR 248 [ 2077 42 1R 77 2 Wik [DB/OL]. H B AR 24 99,
[2014-01-15]. http://www.agrichem.cn/news/2014/1/15/2014115103
34746965.shtml.

Overview the global market of sulfonylurea and imidazoline ketones
herbicides[DB/OL]. Chinese Pesticide Network, [2014-01-15]. http://
www.agrichem.cn/news/2014/1/15/201411510334746965..shtml.

[ 5] BOURI M, GURAU M, SALGHI R, et al. Ionic liquids supported on
magnetic nanoparticles as a sorbent preconcentration material for
sulfonylurea herbicides prior to their determination by capillary liquid
chromatography[J]. Anal Bioanal Chem, 2012, 404(5): 1529-1538.

[6] TRIGO C, SPOKAS K A, COX L, et al. Influence of soil biochar
aging on sorption of the herbicides MCPA, nicosulfuron,
terbuthylazine, indaziflam, and fluoroethyldiaminotriazine [J]. J Agric
Food Chem, 2014, 62(45): 10855-10860.

[ 7] REGITANO J B, KOSKINEN W C. Characterization of nicosulfuron
availability in aged soils[J]. J Agric Food Chem, 2008, 56(14): 5801-
5805.

[8] kfls, EREZE, GRAGW, &5, AHmA AR 7 33 v AR W B B 55 334 5
AR DG THERTE T [I]. AR 24 52574k, 2006, 8(3): 265-271.

ZHANG W, WANG J J, ZHANG Z M, et al. Adsorption of
nicosulfuron on soils and its correlation with soil properties[J]. Chin J
Pestic Sci, 2006, 8(3): 265-271.

[9] YONG Y C, ZHONG J J. Recent advances in biodegradation in
China: new microorganisms and pathways, biodegradation
engineering, and bioenergy from pollutant biodegradation[J]. Process
Biochem, 2010, 45(12): 1937-1943.

[10] FEH A, VroCk, FE b, 5. 50% JOHms fifk b - FR RS 2 - Sl S 4L
LR 5 3 g 7K 43 BORL A B B B oK A% BB 305 22 Ak [0, R 24,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

2013, 52(5): 374-376.

HUO J Q, XU W C, KANG Z H, et al. Control effect and security of
nicosulfuron-mesotrione- fluroxypr-mepthyl 50% WG against weeds
in summer corn field[J]. Pesticides, 2013, 52(5): 374-376.

WAL, XN, SRR 55, 45, W] AR /K o4 b MR R S E D A 4 B
GIELI]. AR 252524, 2007, 9(3): 275-279.

YANG Y J, LIU S, WU L F, et al. Isolation and screening of
microorganisms capable of degrading nicosulfuron in water[J]. Chin J
Pestic Sci, 2007, 9(3): 275-279.

WU, akAh, sk, & IR AE e b R K pHL B
FC IR LT]. PR AL 23R, 2008, 21(3): 702-708.

JIANG F, ZHANG W, ZHANG Z M, et al. Desorption character of
nicosulfuron and effect of pH on adsoroption of nicosulfuron in
soils[J]. Southwest China J Agric Sci, 2008, 21(3): 702-708.

BROWN H M. Mode of action, crop selectivity, and soil relations of
the sulfonylurea herbicides[J]. Pestic Sci, 1990, 29(3): 263-281.
SEGUIN F, DRUART J C, LE COHU R. Effects of atrazine and
nicosulfuron on periphytic diatom communities in freshwater outdoor
lentic mesocosms[J]. Ann Limnol-Int J Lim, 2001, 37(1): 3-8.
BATTAGLIN W A, FURLONG E T, BURKHARDT M R, et al.
Occurrence of sulfonylurea, sulfonamide, imidazolinone, and other
herbicides in rivers, reservoirs and ground water in the Midwestern
United States, 1998[J]. Sci Total Environ, 2000, 248(2-3): 123-133.
SIKKEMA P H, SOLTANI N, MCNAUGHTON K, et al. Broccoli,
cabbage and cauliflower tolerance to sulfonylurea herbicides[J]. Crop
Prot, 2006, 25(3): 225-229.

GREENLAND R G. Injury to vegetable crops from herbicides
applied in previous years[J]. Weed Technol, 2003, 17(1): 73-78.
TSR, IR, ¥, 55 6 IRl R 27 4 395k B SO B 245 Bl
REHEFIGFEL] T ARRAMALE, 2013, 409): 80-82.

HAO W B, LIL C, HAN Y, et al. Study of critical concentration and
symptoms in tobacco phytotoxicity caused by six soil residual
herbicides[J]. Guangdong Agric Sci, 2013, 40(9): 80-82.

FRE, SCRE, JE . BRI BRI 2 A PR )] R 2,
2010, 49(8): 547-551.

WANG X F, GUAN C H, FAN Z W. Evaluation on safety of
sulfonylurea herbicides[J]. Pesticides, 2010, 49(8): 547-551.

ZHAO W S, WANG C, XU L, et al. Biodegradation of nicosulfuron
by a novel Alcaligenes faecalis strain ZWS11[J]. J Environ Sci, 2015,
35: 151-162.

ARMS K, SO, VAR, 5. — A0 s ik I o AP 1 1) 00120 5 08 S LB
fRFFIE S5 IRAR 1], R, 2015, 28(4): 12-17.

DAI P F, CAI T M, WANG L, et al. Isolation, identification,
degradation characteristics and pathway of a nicosulfuron-degrading
bacteria[J]. Environ Sci Technol, 2015, 28(4): 12-17.

LU X H, KANG Z H, TAO B, et al. Degradation of nicosulfuron by
Bacillus subtilis YB1 and Aspergillus niger YF1[J]. Appl Biochem
Microbiol, 2012, 48(5): 460-466.

FHA, RO, T, S5 ORI ik R AR AR A R (10 70k B B AR R A


http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml
http://www.agrichem.cn/news/2014/1/15/201411510334746965.shtml

No. 6

AR TLRA S IR T e 0 T 2B B e T e ik e

685

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

R[], 42524244k, 2014, 16(3): 330-336.

QI M, ZHAO B, DONG J G, et al. Isolation, identification and
characterization of an Bacillus subtilis strain capable of degrading
nicosulfuron[J]. Chin J Pestic Sci, 2014, 16(3): 330-336.

ZHANG H, MU W H, HOU Z G, et al. Biodegradation of
nicosulfuron by the bacterium Serratia marcescens N8O[J]. J Environ
Sci Health B, 2012, 47(3): 153-160.

TR, B, 2, A5 ORI A v Rk A R D O 0 R L PR
PEBEFE[I]. AR R 22240, 2014, 37(4): 74-79.

QI M, AO L, SHANG A P, et al. The screening of the nicosulfuron-
degradated strain and preliminary study on its degradation
characteristics[J]. J Agric Univ Hebei, 2014, 37(4): 74-79.

TR R, TRANA, XI5, S5, — R I AR AR v ik 28 D' 5 A B 114 70 0 46 5
R R R FE 7). MAES 4 S5 PR, 2011, 33(5): 18-21.

ZHANG G M, ZHANG S B, LIU Y, et al. Isolation and identification
of a nicosulfuron- degrading strain J5-2 and its degradation
characteristics[J]. Environ Pollut Control, 2011, 33(5): 18-21.
SONGIJ L, GUJ G, ZHAL Y, et al. Biodegradation of nicosulfuron by
a Talaromyces flavus LZM1[J]. Bioresour Technol, 2013, 140: 243-
248.

TR v A e AR A 1 90k S A LA R D]. AL ET: Rl
AP, 2014:19-20.

WEI Z. Isolation and identification of nicosulfuron degrading strain
and analysis of metabolomics[D]. Beijing: Chinese Academy of
Agricultural Sciences, 2014:19-20.

BHATTACHARIJEE A K, DUREJA P. Light-induced transformation
of tribenuron-methyl on glass, soil, and plant surface[J]. J Environ Sci
Health B, 2002, 37(2): 131-140.

T/ SR AR R AR 3 BT R[] AR 24, 2003, 42(7): 5-8.

SU S Q. Development of nicosulfuron in China[J]. Pesticides, 2003,
42(7): 5-8.

JEI . J0R v ik o AR T ) 2 29 58 58 % B AR 2 (D). QI A
FAMK A, 2015.

ZHOU 8. Isolation, classification and degradation characteristics
study of nicosulfuron-degrading bacteria[D]. Wuhan: Huazhong
Agricultural University, 2015.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

ARG 0. MR ik 4 B2 AR 11 % WOIR 181 (Talaromyces flavus) 13 5 %6 %€
L RHLIRTE D], AR i E AR B, 2013.

SONG J L. Isolation and identification of nicosulfuron-degradtive
fungus (Talaromyces flavus) and study of degradation mechanism[D].
Beijing: Chinese Academy of Agricultural Sciences, 2013.

OMER C A, LENSTRA R, LITLE P J, et al. Genes for two herbicide-
inducible cytochromes P-450 from Streptomyces griseolus[J]. J
Bacteriol, 1990, 172(6): 3335-3345.

2 GG, T, BUEE AR, S MW R K AREE R ssmE R R H:
CN 102286501A[P]. 2011-12-21.

LIS P, HE J, HANG B J, et al. Thifensulfuron-methyl hydrolase gene
tsmE and its application: CN 102286501A[P]. 2011-12-21.

RUAN Z Y, ZHOU S, JIANG S H, et al. Isolation and
characterization of a novel cinosulfuron degrading Kurthia sp. from a
methanogenic microbial consortium[J]. Bioresour Technol, 2013,
147: 477-483.

HANG B J, HONG Q, XIE X T, et al. Su/E, a sulfonylurea herbicide
de-esterification esterase from Hansschlegelia zhihuaiae S113[J].
Appl Environ Microbiol, 2012, 78(6): 1962-1968.

KANG Z H, REN C C, ZHANG J L, et al. Purification and cloning of
nicosulfuron-degrading enzymes from Bacillus subtilis YB1[J]. Appl
Biochem Microbiol, 2014, 50(1): 30-34.

KANG Z H, DONG J G, ZHANG J L. Optimization and
characterization of nicosulfuron-degrading enzyme from Bacillus
subtilis strain YB1[J]. J Integr Agric, 2012, 11(9): 1485-1492.

A TR, DBSLAT, FRORHE, &5, ZE7 BT ZWST1 BRI Xl A e sk e
RO FEARARFIE[T]. AR G272 4], 2016, 18(4): 472-480.

ZHAO W S, QIU L H, GUO Q G, et al. Enzymatic degradation
characteristics of nicosulfuron by Alcaligenes faecalis ZWS11[]].
Chin J Pestic Sci, 2016, 18(4): 472-480.

PR, SRR M), AR F B R Tk H A, 1999: 279-319.
CHEN J. Environmental biotechnology[M]. Beijing: China Light
Industry Press, 1999: 279-319.

(1RSI B #)





