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S113 SRR SRR BT, DU R PR AR 2E ST H,  ORFUt A BRI M AR RUA, 9120 0 T AT R IR B SRR
BT RN ORERE R PRI S IE R RIHI0.30% FHRRREN . 0.20% FRITEELFHER | 0.10% CaCly) m] i j& H R & 37.25%,
PRAT 30 d IR RTINS 50 mg/L “RIERERE A R AR 94.25% 5 Qi 6 11 AT HUIE o 181 (AT 9 dme (280, ERAT 60 o T [ (AR T 591
THHECH 7.45x107 cfu/g, X HHEH 10 mg/kg FIEREFEAFERR N 91.22%; O FATE I AT A 808 + 1 pF ik e sk 8 x &
KAHZE
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Study of Bensulfuron-degrading Strain Hansschlegelia zhihuaiae S113 Microbial Agents
TENG Xiao, XU Mingyang, LI Jintao, TIAN Yanning, CHEN Yang, HUANG Xing"
(College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Sulfonylurea herbicide bensulfuron-methyl has a long residue period, which causes residual pollution in farmland soil.
In this study, Hansschlegelia Zhihuaiae S113 was used as the material to prepare microbial agents, the preservation conditions of
liquid agent were optimized, the best carrier of solid agent was screened and preliminary application of the agent was taken. The
results show that : 1) Adding suitable protective agents (0.30% sodium citrate, 0.20% carboxymethyl cellulose, 0.10% CaCl,) to
liquid agent can increase the number of viable bacteria by 37.25%, and the 50 mg/L bensulfuron can be degraded by 94.25% after
stored for 30 days. 2) Pig manure fertilizer is screened as the best carrier of solid agent. After 60 days of storage, the viable
bacteria number is 7.45x107 cfu/g, bensulfuron-methyl can be degraded by 91.22%. 3) The addition of solid bacterial agent can
effectively reduce the bensulfuron-methyl toxicity to the maize.

Key words: Hansschlegelia zhihuaiae S113; Bensulfuron-methyl; Microbial agent; Microbial remediation
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Hansschlegelia zhihuaiae S113 ZARFIGZE 78S
RS — PR T MR IS 0] s 50 e A T, HC G 5% 140 7K
g sul E, fBEilad LR B BE My s A . HT A
G | SRRl 8 55 A TR 2 ) )l I R 53 510 2 A S A
Aol SR S NP I N i i bl S & )
80.9%"7. AWFFTLL S113 AU, TLIbm ik
FIGRAP R BT LS B, T3 A 70 0 e R AR, JF:
A KA IR B T R B RO, DU
S A R 1T A8 SR AR A8 R o R S BB AR A

1 #MREREZE

1.1 #iE#Kk. MR 5ERE

SRR IR A R A PR R (2l
98%), HHAFK Hansschlegelia zhihuaiae S113 HAS
SRy B IR . AR RR I . KRR L FEFT
BB, AEAETeRy . REAHLIE . iU S A
HUIE, P HRNT 3 d Ifad 40 B, 121 °C @ik
2WIEEH HHAEARMFCE “EE 457,
- HEIC A R ARl K 2 R R S 5 b (32°03'N
118°86'E), A1, At FH ik " M A P A5 R 750
B 3R 2 1, B AR BRI R TR .

LB 53Rk BERRR Y 5.0 g, &M 10.0 g,
NaCl5.0 g, pH7.0. TY Hifedk: BERHRIEY 3.0 g,
HEMME 5.0 g, CaCl, 0.6 mmol/L, pH 7.2, JoHLELRE
F#%E: NH,CI 1.0 g, KH,PO, 0.5 g, K,HPO, 1.5 g,
NaCl 1.0 g, MgSO,7H,0 0.2 g, pH 7.0, KRG FHE .
M 9.0 g, AN 3.0 g, KH,PO, 09 g,
MgSO,7H,0 0.4 g, NH,C10.8 g, NaCl0.6 g, pH 7.0 ~
720 VI ESIBINEE TRERE 1L, BARREIRE

A 1.8% BIZEHE .
1.2 BEEFRPFEHIE
1.21  RIPFIRRERE  S113 FAEE
EAREE TFIWAKR LB #, 30 'C. 160 r/min $535 & %f
BOERW, i 1% R AR R R ST Rk
Rigt, MENKREER . ¥ ERER 252 100 ml HEIEIE
o SRR R — 30, BT RR SN . SR
WAG . BRIP4 R | KCL. CaCl, 4P 5], ffiH
LR BEAF R 1. 2 13 g/L, X BRBHR-A7 5 B 4 Ay 25
IR TCTRK , AR AL BRI 3 N, F RGO
30 d JETHAEMRAETE R R R . ARG R (Yo)=(Ib P
2T TR0 IR T T K80/ %) IR ZH 15 1 %< 100
122 RyRERAd G mimE  REREERE
MZESR, B ORI 3 25 A, BHLWI(Fr
BERENFN ZTR5M); B, o I CHIRS AR BL4T 4R R ;
C, THLER(KC1Fil CaCly), 1EH 3 MR, A2y
FIERE F R PR FAE A A K, ST = R FK
- Ly(2°) W IEASRE
123 RPFAARERERE  RIE=HE
PRSI0 i 6 Hh 1 e AR AR AP AL, 3B 3 Fh R d
FI(A: FrGERREN; B: RHILLFY4EE; C: CaCL)fE
b 3 R, R ORYRIRE 3 LR EEE R 3 FhK
-, HEAT =R K Lo(3%) 1E 38 1 56 i 8 e A £t
WIEHE .
1.3 FEEFIX R EFR A PEFIR

WA 4 A AECR R AL & o 0 B n 2
S113 KEEE T, HIRECIRAF 30d J5, % 2% 47D
FAINA B HRSE 50 mg/L “EBEREFER) 20 ml TCHLERRE
FiHerh, 30 °C. 160 r/min #5353 d J5, fdi/H] HPLC
IS R R VR S, TR . = SO A 2%
. (0 3% 4E # Thermo scientific Acclaim™ 120
Ci(@4.6mm x 250 mm), Wi 3h M~ 2 HE A1 K
(VIV=60/40, KHIMA 1% Z8R), HEiR 40 C, W
1 ml/min, FMPEK 280 nm, PEFEE 20 pl, FEfEER
(%o)=(1 15 it [ A0 3 Tk B — 2R B ) AT B e FEE > 100
1.4 BEEFNRELR

B B BB R A A N2 S113 LB
T, EIRARAE 30,60 d S HEA TR EER RER A, J5 R 3 d
JE VRS B
1.5 EMEEFI R ik
1.5.1  AFEZAEXTERARKBZmE  S113 kL
2% JEFEEEA 100 ml TY WA R B S 5L,
30 °C . 160 r/min 3555 2 X R4 K], WK 5 000 r/min
B30 10 min WAETRR, FITCH/KPEG 3 IRE R,
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YERRN P A2 g BARIMA 20 ml KTEK, 30 C.
160 r/min ¥ FRIED 24 h, 1522 EMK . K 100 pl
S113 Fp-Fi %A 2 5 ml ZAREM, FRRIRG 5
F5, T 2.4 RIUREIN AN [R) % A Ab R 9 736 PR 4
RIS E 3 APAT, FIWT AT B AR A K 5
152 [EREE SISO BRI E PRI
KRBT 2 ¢ EEA 18 ml JORE/K AR =i, WiE
TRAIE TR R RE, BL 100 pl 4509445 T-[E14 LB,
B AR R . A R REHCR (Yo )=[E A T
TR A7 PR A3 ) B e P PR 85 () < 100,
1.6 BEFEFIHNRERLR

45 AR TE I B IR ARAT 30, 60 d, XF Hor BT
FREURAT, 30 °C }5FE 3 d 5 I 1 T A
1.7 EEEFIX R EF M EFIR

AL A3 o AT IR R 5 i 10 mg/kg,
TR A E R FRE S h, B ERRRI LA R 12 9
5 R T MRAT, B A BRI
FiRt, B IR MR 12 h TR 26 °C, BB 124,
MREE 20 "C(24 h ATl EFMINIK 53T 145
TR 25% ~30%, FEAS 1.3.5 17 R4S g
ARG T R i B 5 R (DR N [ A B 7 1)
XRELL, XRS5 AR EEY I 3 AR
1.8  EMEEFIHI M A

S HIFREL 500 g HEiH3ET 0.7 L Akrh, oK
FIFIHEEIT RIS, PRHUR 3 —30) 3 Bk ZFRh RS 4k
AR W EIE R RS A IR 10 mg/kg TR R RE |
10 mg/kg “REERHFE+10% SRR 3 4ab8, & T
FRFRAET AN R 1.7 P IrR ARG AR, BRI oK o
P LIS KRN 25% ~ 30%, 55 14 KEEHLEUE,
MERR . 2B B AF A R A
1.9 HE&ZITESH

fdi i Microsoft Excel ™ R EXHECEAI A Ab B, SR
IBM SPSS statistical Ver. 25.0 178 ZE 7 225347

2 HEREHSW

2.1 EEEFRPFETEIE

211 RYPFIMHRRZRE g 1 oR, SR
T S T 6 3 S5 R AN [ 2 M 2 o TR AR A 16 23 AR
PR B VR B 5 A0 B = R R IR ARG, &L )
BITEMREE N 3 o/ ISR, 1 g/L MMl Ik A i
TR RTE 10% IR . Hd, 3 gL B KCl1 X
S113 MIAFTGHE B K i, N 24.71%.

2.1.2 RIPFIRAELL A RTE  anEk 2, T
W2 R B R INAS IR XS B PE S113 A7 £ = 2 1 52 el

YERIUTR Jg: C>B>A, ENTEHLER ISR R %
R I A B RE BRI Z o 255 20T 3 MR R Y
kB, Ha 7K AiBoCy, RIS HABY) T2 S A LE
FPERIREN . RIS YER | CaClL AIB M R AE K
Wil B R o PR TG TR B o R R AT A, LA X R R R A
HOREE, T 26.57%. WL, BEHEAZAGIFE iRiE
PRAP I 20 G T R J5 Sevik B T L B

T 1 RIEEFRPFIFTE R S113 B9F2 0

Table 1 Effects of liquid fungicide protectants on strain S113
PR A TR (/L) B PR (%)
CaCl, 1 4.33+0.99
1529 £ 1.57
23.53 £ 1.85
3.98 £0.84
16.47 £ 1.62
24.71 £ 1.94
2.19+0.53
7.53+1.18
7.56 £1.22
3.20+0.72
5.88 £ 1.04
10.59 +1.35
5.62+1.42
18.82 £ 1.74
22.35+£1.99
3.88+0.93
8.82+1.53
14.71 £ 1.62

KCl1

LIREH

WA

BRI 4R

<
M
B
<
=
w N — w (3] — w N — w (3] — w N — w [\8)

2 EHSIBHRFEFFRPHSEYRASERR
Table 2 Orthogonal test table for substance combination of S113
liquid fungicide agent

e SN AETE 255 3 (%)
A B C
1 TR A WK KCl 14.00
2 PP BRI H%R  CaCl, 26.57
3 N L WK CaCl, 22.29
4 IR BRWEAHER  KCl 14.86
ki 20.29 18.15 14.43
ky 18.58 20.72 24.43
R 1.71 2.57 10.00
K A B, C,
FEWI T C>B>A
2.1.3  QRAPTRIALG B R AR VR B i AN TR e

HAXT S113 W SRR 2R .. Bk 3,
AW ZERB W EWRIF A . ASB>C, wft/K¥FEH
A3B,Cy, Bl 3 g/L MIFFETREN . 2 g/l MR H IELT4E
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Table 3 Concentration combination orthogonal test table of strain S113 liquid protective agent

HE e TEIE $ 55 % (%)
A B C

1 1 g/L FrBemesh 1 g/L RH BT U R 1 g/LCaCl, 27.65
2 1 g/L PR N 2 o/L B HI LT 4R 2 g/LCaCl, 26.86
3 1 g/L #Pi5 R N 3g/L R R 3 g/LCaCl, 30.98
4 2 o/L FrEEmR AN 1 g/L RH LR 2 g/LCaCl, 20.39
5 2 o/L FrEEmR AN 2 g/L RHI B YR 3 g/LCaCl, 26.20
6 2 g/L FrBemReh 3 g/L RHILL YR 1 g/LCaCl, 19.20
7 3 g/L AP IR N 1 g/L RPSLLT 4R 3 g/LCaCl, 26.27
8 3 g/L B IR N 2 g/L R ILETYE R 1 g/LCaCl, 37.25
9 3 g/L #riEmR N 3g/L R AR 2 g/LCaCl, 24.90
ky 28.50 24.77 28.03
ks 21.93 30.10 24.05
ks 29.47 25.03 27.82
R 7.54 5.33 3.98

Pk A; B, Ci

F W A>B>C

FH 1 g/L 1 CaClye HIZMREALA T MBI
RN 37.25%, DRYRCREAE. i Rk Al
B STL3 WA B AR 700 () S AR 0 VR BE L5
2.2 RIEE TR R EF PR

HE A b AV B 0 o X 06 v A 0 B v R A Y
PRI E A 1. 2. 3 F 8 AT M5 fith [ [ fi 3
R, WE 1, A 4 FEPFIRAE 30 d 51
ST13 YR AR A X e il e P o2 fie 20l SR 340 e %) R
A, R EE] 80% 4, FILAT L, $2mE G H
BT A e R R R R R R ASCR . e, dG 2
Xof R W R AR i e e, IR 94.25%, G 8 XK
WA B [ W RN 79.49% . LA 75 SR AR T 791 () 7%
HACS R, INRAL A 8 O S113 M AH 77 A fe
R FIAA .
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Fig. 1 Degradation of different protective agent combinations on

bensulfuron-methyl
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Fig.2 Numbers of viable liquid bacteria of S113 in storage
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Fig. 3 Effects of different vectors on growth of strain S113
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Fig. 4 Effective bacterial release rates of strain S113 in different carriers
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3 AR AL R DA ORI E s . A s
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T BRSO B b B S5 N R A HLIE, T8 S113 3
BB RELE 107 cfuw/g DL b o 36 BB A P [ 44
PR AR A 1) 1 B, A SR B A 56 g
AR IR

2.6 [ERE IR BRERAPEBHEER

6 AARAE 30 d Ji A 4% AR T 70 06T 45 e Rk o 1
7d RS, WSS RS , HHErh A mE
GERR R I R BTt FEMI RIS T CK B3R HAE
K 13.86%, 1M 4 ALE KRN 7 d BEERER R T
80% , o LUSE AT ML Sy 28 1A 11 11 4 T 70 o e sl SR
eflt, A 91.22%. L5475 IEARAE T TRBURN B gl
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Fig. 5 Changes in viable counts of strain S113 in different carriers
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Fig. 6 Degradation of bensulfuron methyl by strain S113 solid microbial agents
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Table 4 Effect of S113 solid bacterial agent on bensulfuron-methyl
toxicity to maize

isi AR (em) MR (em)  HIBREEY) BT ()
CK 1460+2.14a 19.38+337a 1.07+£0.75a
I 5] 541+036b  8.11+£229b 0.73+£0.33b
AR H + 13.63+06la 1748+1.50a  091+044a
I 51

T [FH/NG TR R 7R A 2R 25 5 3k P<0.05 3K
BRI

3 ihe

AR AR T 70 PR HG ) 2 T T8 5 TG
A7 AR AR R B T R ol . KA
AKFEIRFE A o WA B R s R R IR
e P R SR NS A IR R G ST RN
F A I ERAP A AT R AR AR AR A G728 Y
WG OR IR P, AP B T AL BB R,
PRI T 77 o 400 T 700 B0 P i B — Ty T £ B A B ) 2
T, BELAT 2 RS IR A A5 5 — T3 T Al LA3E
AV EREE pH, IR Rl A W B O R Al P, RS B
JEPEFAN. e Fe B, R by A R 42 o A B R
W, X S113 B AR A A A I A ™ AR AR VR T
RIS ST13 G RR A BRI AR 37550 o IF 5 32 W el e
Wy oK% BARAS LN TE T, T 1A 55 S0 S PR T B 4 fih
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Ja . 23 AR R R SRS B PR R, PR A
SERE A B, & AR U T R 1 R A4 TR 4
B AR I B 2021 i A R R 2T 4 R A MR
FUBLAY, v LAAE AR T DR i — )2 DASF e R 2050 &
BT BB A AR R okt G TR R ELHE 2 7 T A
R . CaCl, AEAZE AT 81 40 M2 35 K e F5 R 45
K IhRE, SRfmAN FLEREE X B AR = A i, 1k F)
By HBR, pesh, EEs RN, BN E Al
DA 280 5 AT 4 T 200 B R 4 R 8, ) 4 s
PR AN TR TR T2 % 2 DA R 1 7 3 1o i i 1
AT 4 o 0 R A7 05 55 L S A e PR AR
T, PR . R gERE M CaClL 7E 3 A
[ )2 AR S113 Bk, =& thEH AN, LIRER I
(UNERlirapeaie

FAUEE P 0 R P ) 78 A 2 e ORI P 2 S AR
W 2 A W R R ) R R R T AR
Y, RIS A i AR S R R R, A RETE
LI il P A s 0 BRARL A R R IR P AR BRI R
S113 [ 1A b 1) dme AR 2 A A 26 MLIEAE T35 TR ESORITA AL
VRS TBCR AR AR 7 T 35 B e, TR R AT T R s il o
[ LS W S SN ) N e S i i v
PRA B RS 28 il R AR e 4 A HILAIE
Bh, AE R AE YRR R Ak, ma&aFEE
B AT PEA LT, RS BRI, SR S E AR
B . R A R RO A 0 B R A 1 O
eI AR, [l — 2 Ao TR R o A 4 ) A A
ZEPETTREAH R, DR A B A AR S PR A AR T
LRI 2 UG B R T

HT, ey AR 2 8 TRl A ™
o, EECEEM A . SRR IR
D7 TIRCR 0.3 A= W ek R 78 )t P ), 75 7 —
S V1RV 32 91 R 9 A 80 B O ST R AR SR A iR &
FEHAYERPY S TRRA. IR PR A A
Z A LA % HH [) IR 5% 453 22 TR 2858 W 45 R FR AU Wl
RN, Bl a B PPN X 2520, JFAF 58 I A
JE RN AR, A 2 TR R A 5T
K, AHIRGE R R FAS [R) 28 8 A A4 W ) 35146 5 5 s i e
15 Y A BRI T B LR AR AR

4 Hhig

I T R A R TR S 113 YRR B 704 N 3 P PR A
FI(3 g/L FrEREN . 2 o/L BRI IELF4EE | 1 g/L CaCly)
&, WEREEER S 37.25%, 1RFF 30 d X 50 mg/L R IR

Tk [ O B A S R 94.25% , A7 60 d i B8 B4y ik
4.53x107 cfu/ml, fifi e q530 @R #5759 e Rk A
FEAMUIE, A7 60 d WG HEECH 7.45%107 cfu/g, X+
Herp 10 mg/kg “FWERE BRI N 91.22%, FOKH
WA R, MR R R B R AR K R A R 2
E WS AR B R T SOs R 2 EAE
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