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THE: [H &S E RSB (B-CP) MIBRAREE R . Ui LK sl 8153 BN B-CP e 25 B AR 18 MR A L 2 F AT
Bacillus subtilis BSFO1, 1833 & Bl i o K & EARAL, SRAF B AR EERC )7 KA = A READLAEE, A 30 12 B 7R 0T &=
Herh B-CP PR FRRUR . (455 1IREE WA T BSFO1 B 7 B AEEL 774 : LA w N 30% I BSFO1 Bk A 3244, ¥
w N 5% I+ e SRR VE R w R 7 % MIBTRAA B I A 2 805 w ol 4% IR N R E IR w oy
1% FIRIRE AR, bR BRI RIS 2 w A 100%. %577 3 0 48R AR 45 R B, BSFO1 BE77 2 &
N 6.50x10" cfu-g', EKE (W)<0.6%, A =99%, HIRH A4 32.0 s, BFEN 78.0%, & EHRIr M. ¥
BSFO1 B 7FiE 100, 1 000 & 2 000 15 )5, 2 BB p-CP i5 4 H (A 38, 5.d )5, BL 100 5% 56 7R B i AL R )
T+ B-CP BERZRIEH] 87.50%, 15 UBEAR T 3Erh B-CP MIBLEI /Ko (458 Tk 5 2 AU AT i BSFO1 B 77 vl BN
VAR AR UM K 56 T 218 AR 24 B 1 e I v 3 22 A AR o
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Preparation of bacterial agent based on Bacillus subtilis BSF01 and
its biodegradation effect on beta-cypermethrin

ZHOU Liangcheng', LI Yun', LI Zhuomiao, LIN Peijiong, ZHONG Guohua
(College of Agriculture, South China Agricultural University/Key Laboratory of Integrated Pest Management of Crop in
South China, Ministry of Agriculture, Guangzhou 510642, China)

Abstract: [Objective] To prepare a bacterial agent that is able to degrade beta-cypermethrin
(B-CP). [Method] Based on previously isolated and cultured Bacillus subtilis BSFO1 which had excellent
potential in rapidly degrading -CP, the bacterial formulation was determined by optimizing additives and
dosage. The degrading ability of prepared bacterial agent was evaluated in f-CP-contaminated soil under
laboratory conditions. [Result] The optimal formulation was determined to blend 30% bacterial powder with
5% sodium dodecyl benzene sulfonate as wetting agent, 7% acacia gum as dispersant and 4% potassium
phosphate as stabilizer, appending kaolin as the carrier to 100%. The quality assessment verified that the spore
intensity of prepared bacterial agent reached 6.50x10"" cfu-g™' with low water content (<0.6%), high fineness
(=99%), short wetting time (32 s) and 78% suspensibility. The prepared agent was sprayed on S-CP-
contaminated soil by diluting to 100, 1 000 and 2 000 times, respectively. After five days, about 87.50% of
residual S-CP in soil was degraded by bacterial agent at 100-fold dilution, which rapidly decreased the residual

WS E#A:2017-10-09 {5k HER:2018-04-16

5 H B I ALE : http://kns.cnki.net/kecms/detail/44.1110.S.20180416.1032.030.html

TEEBM: AR (1991—), ¥, M EHF 7 A, E-mail: 282424436@qq.com; & & (1995—), ¥, E-mail: 472600616@
qq.com; T AR FT#RABR ; B 4P E & (1973—), F, #4%, ¥+, E-mail: guohuazhong@scau.edu.cn

EEWB: 5 A AAHGHR A 8 (2015B020207003); )~ A K &2 A AH 4 #1735 F % 5 (PDIH2016B0085)

http://xuebao.scau.edu.cn


mailto:282424436@qq.com
mailto:472600616@&lt;linebreak&gt;&lt;/linebreak&gt;qq.com
mailto:472600616@&lt;linebreak&gt;&lt;/linebreak&gt;qq.com
mailto:guohuazhong@scau.edu.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.2018.03.009

3 ]

JEISE R 4 R HEZF FUFT T BSFO1 B 77 26 box v R0 U U4 i A P AR AR 55

level of -CP in soil. [Conclusion] The prepared S-CP bacterial agent exhibits outstanding potential in realistic

application with further optimization, which may provide an effective, safe and promising bacterial product for

eliminating pyrethroid contamination in agricultural environment.

Key words: beta-cypermethrin; Bacillus subtilis; biodegradation; bacterial agent; pestiside

PR AR R R 25 & — KAl i K&
5 A2 2% U, JE I kR R B BEAE A, TR TR AR
iy A FE A IR SRl R 2 M L F S, 4
BRIGE N Tz Y SRR 3R AR R R AR EUA
RN B4 2% 1030 O B, 6 25 D5k 1 SRRk 2
(R RS E 1, A e ARG 75 R DL R 3 T S R 2 FE R
A = e G HE T, B AT AR 2 SR AR 8
2y 70 Z 0, 28 ST 4R HUR T 3
30% Ao AP SR, A2 45 1 IR O Al R 3R 7 1 1%
KA AV BRI RAGEN T &
HMERG, Kk, WAL E T RE N
10 8 9 B TR 2R AR 24 BT EAE AL i AT
F T, FOABR H 5 IR K A 24 0] JE R BR IR L 3h 40 1) A
PR AN G0 J A 28 30 HH A IR R 22 B ), B R
NN RAR R RS R G022 A WS AE U, BRI, G0
] 7 B 90 I H 2 T 2 K 24 7E A B v () Bk B g e 2
PRI A 22 4 A5 7= e 3 A7) i i

AR B 2 FEVE e 8 Rk 7 iR
BLITT () 43 i A0 55 53 B e Ak, A AT sk o 1 - 158
TR 25 BRI T, RO AT A AL
Hilt s W AR, Lk, YIS, AT A SR
R BT ik B R 2, BT R AR TR AR v R (R
A TG ARG G AR U R, AR AR
AT B PR 1) B 2 43 8 BB A A R AIC AR KB
18 5 52 I A TR A B PR 85 DR 3R B ) <5 I i, KT
55 1 A MR B I A B E AR, AT RS T B A
AR P AE HH T) AR 24 5 B 5 e 52 rh R R A HE T
HUREFH o A 50 A O e 1) 1y 280 U 5 TR
(Beta-cypermethrin, S-CP) [ fift B 1 Ak 50 2F AU T B
Bacillus subtilis BSFO1, 183 B 7 Bl 43 i 1% Az Lt A5
Ak, il 2 i P i FERCE A REREAE H BT V2 s H
) B TR 7, D45 T 12 B e A1 1 7 A A 7= S
Pt B LA, [RII, S va FEAR H PR b 4B

FBER AR AR R T Gttt 5% .
1 RS
1.1 #R

PR R A B 2F fO AT B BSFOL 2 H A Ak
Ko R RIAT T N PEAREG) RK s TS e
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I 7 B 5 5 o BUARAT THZ S0 50 % e v [ g Y
FFEM R O, WA ORECS v CCTCCAB2014103.
HRAE SCHR 535, 2% b7 G R LD, T S 77 LT
JoR e IR R

JRE P HCN 95% I B-CP JR 245 VT 53 4 iy
b TA R 7 $E 4. (il 20 A MLV 750 I H 3
Oceanpak 2> ] ; AR5 4 E 72 4 M 4l

HERRFR I — 8 T 10 B 24, N TR R R 9% 146
MR, FEARZE 100 mL, BLHl N 1 000
mg L™ IR Z5 B, 22 0.22 pm A HLIE I 8 5 6
HACRRAE TR .
1.2 EHMEHE

1E 50 mL FpF s R 5 R 4% 1% BRI 5
IEALE W, BT 200 r'min' 35 C $ERHR 9% 24 h
J&, HI43 Pk BSFO1 M3E AL PP 73 . & K E5 TR0,
W R IEE VK B 2 JE B N R TR 93k 15 L, 444
ZLRCK T 30 min, fiF K BERIR L T FE% 40 C )5,
2 1% HIEFA %0 (150 mL) SRS R PR E K
e, 875 pH O 7.0£0.2, i\ & 2K B T 15,
T 350 rrmin'\ 35 °C %A N REEEEFE 16 he 1R
JE A, BERR 1 h MR R BRIy, 4 R S
W H B TR B N WA B F AT B TR RS, FF
LT op 2 A iR KT 99% HZE IS4 — T 45
KR, B R % )5, BL 4 'C. 3 600 rmin ' &
L 30 min, 3 FIEW, HEUTHE R R 3% W InE Ak
E 0 A TS ) B R . T TR A R,
HERE T AR BN 14~16 r-min ', W T/t
KA 195 °C, HRIRE 90 C, FAb g5 iE 250~
260 r-min', BEHEAT 5 TR AT Se T v TR A N
BE S B TE, BERERTIT 51 XL 0.5 h, BE 55 T8 56
BJEFE 5 RMLE IR, FriR BT 50 °C B, UEEWE 5
B R, FRE, W A, R
1.3 EFIBIFIATHIE
1.3.1 EEAe L ISRk, e
(Sodium dodecyl sulfonate, SDS) %~ i LR MH# R
#4 (Sodium dodecyl benzene sulfonate, SDBS) J£F
DR 7, A A R w5 R A ) T R By A
3% 5% 1 7%, SR 3 NEE, R E KRB
TR0 2 EOA IR . 2 ARy R HUR  J5 WA A TR
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H ), SRR 25 nT IR R 7R R 8 757 (GB/T
5451—2001) )", W 5 A [R] 702 VR A 40 R TR i
i) [RIET, KRGV AR AE 7 d 5 FRRE IR
A PBE T EIR G AL B AT R ) S =
1.3.2  H# A imik  DARTRAA A I 2R 20 g
(Polyvinyl alcohol, PVA) & PEG-8000 A 45l 43 #&
I, A BB &2 BRI 5 2 2 E0 00 R 3% 5%
7%, FEANAEBE 3 AN, I B ARSI 7 #507)
(25 KT HE o 2 T Bk AT B 5 U VR A 1,
Zx WR (AR 24 AT I 1 M R0 Y MR D E 7 (GBY/T
5451—2001) M, I 5 AN [F] 43 BORR & Y0 ) B
R, FE, KRADERZMEEATE 7 d 5 HAHRR
A PR TH R G P R R SRR B 0 2R
1.3.3 A Aeyifit  DIBERRHR. RIS, BER A
TR R R R A A B 9 R AR E T, RN
BN 4%, A 3 ANEE, H B R BINFRE A
2 F T IR G ECE I RS E T 50 C G
TR, R 7 d BUREI E A 5] b B2 2644 TR
VRS E.
1.3.4  CRIME A 695k AR A R A
WA R BUN 0.5% A 1.0% B30 IR I #R
(VC) BIHIRE Ay 28 AR ORGP 7], K B R R T AT
TR, BT 15 W ST R, BETIE SN 40 cm,
fE 5 0.5.1.0.1.5.2.0.2.5.4.0.6.0. 8.0 1 10.0 h
J& s HPARCE T 35 C B RARRE R 18.0 h, i03%
2R T ) R T
14 EFIRERN

BSFO1 B 71 i 57 F A I 2 B A R 4l A 420 v 77
(GB 20287—2006) YA #E") e Kr 1 g Bk s I 22 2
A 10~20 FILFE TR K 100 mL S HE K =M,
BT 35°C. 150 rrmin #2RH R %K 7% 30 min 5,
V4 TR VBREE AT 0 B R, UM R BRIV 100 mL 3950 iRk
AT FRACPAR, I E T 35 °C B REFR 15~18h,
PR A E TH S R ZF o .

FERIUR TR BN 50 mg- L' ) -CP B 9%
B, AR IR RE T 10041 000 AT 2 000 %51
BSFO1 B, M b P % E 3 ANEE, idgk & A
FHOE &, I LRSI A1) p-CP 550N B
XTHR, AbFE 1235 A1 7 d e, J0 e m RO A i vk
(High performance liquid chromatography, HPLC) 7
HTRLIN B-CP [ IR B, JF it S .
1.5 p-CP &Y HPLC 4 #7#&:m

23 BIEC ) 0.1, 0.5. 1.0, 2.0 A1 5.0 mg-L™ f) TAF
PRUEW, 22 HPLC JU 52", B-CP HIks i h 2875 & 7
T y=153.78+7.263 8x, KL (R*=0.999 9), i &

WA RS 3 AT BEOR . IR S SRR AR K A
HeE A Sy, AL EE R, A AR R 4 R
S-CP FRUEHRZE 0.1.0.5 A1 1.0 mg-kg ', & MALEE
WS ANEE, LRI B-CP brE A MAE N2 A X
MR, A ER B 30 min fa 3T REBCRAALT T, Gl i
HPLC 52, H RN 82.5%~105.2%, FHXT AR
M2 A 3.8%~6.1%, JiEAEM T {5, Wi 2 A 25 5% B
R EE K .
1.6 BEFXSMEEHEEFERFRL

N B RN R 2 3 S ) A b B Bl S
CRERRE KB, AT EANBLALR . %55 &
0.075 L-m™ W§jifi 36 mg-L™' f-CP &i%5. 48 h 5,
W 1) 4% 1 77 S K B R 1004 1 000 AT 2 000 %, 4%
0.075 L-m > H &M%, DLW &5 K 82 Gxt
M, AW 3 NES . A 2 h 5 R
TR B-CP MEIRTT &, 5 d J54% “5 rUHUH
57 BTN B-CP BR B &, R R R R A0 AR X
(517 N

Fefif e = (1 —wr/wo) X 100% ,
A, we NAEEE S d JFRIBRE &, wo MR
&,
AT BEAA R = (1 —wr/wek) X 100% ,

A, wr M oweg 2050 8 B R A S O R AL 2R
5d a3 p-CP ik &

2 ERESH

2.1 EEFAIFIE

TN R 2 J5 5 526 0K BRI ) [) B S 4
B (3R 1)e LA SDS il 71 (1) B A% v Y8 o ) 3¢
LR ECA 3% 5% H1 7% B, I A 2
AR 11.2.9.6 F1 9.0 s3 LABEAH Dl 08 751 i W it
(R 2, TR HCN 5% F 7% B, 53531
9 10.4 F110.6 s; L SDBS JyiEi i, #E HK,
xR LAY, 5% 30.0 s BL b BB & IR ) b
FRTE R 2R 70 5 &, LA SDBS JyiE i 7 2 5 &
s e, VSN &5 E0R 5% 1) SDBS &, BTl
A EIAE 4.8x10" cfu-g!, HSYEAR KL SDS &b
HABIFE R EZER (P<0.05). T H & EEE
A 75 B R AR, LR (31.25) 2
LI AL S bRz A 7, DR, SRR E BN 5%
f) SDBS /£ 24 BSFO1 B 7 ()7 57 .
22 SEGUAIFIE

DA BAT A B Jie S 4 507 1) TR R R R A
(K 2), {IRIMREDECN 7% B, BIFF 0] &k
77%; LA PEG-8000 5% PVA N4 87, BFIEFR
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®1 AMAEFELR FRE S EHEFIE BSFO1 B SR EFFRSE"
Tab.1 The wetting time and spore intensity of strain BSF01 agent with different types and contents of wetting agents

- tgels SFAETRI(<10" cfu-g )
T

3% 5% 7% 3% 5% 7%
SDBS 32.0+1.2a 31.2+1.1a 30.4+0.6a 3.3+0.3a 4.8+0.4a 4.4+0.82a
YAy 16.8+1.6b 10.4+0.9b 10.6+1.1b 2.840.1a 2.340.5b 1.940.2b
SDS 11.2+0.5¢ 9.6+1.2b 9.0+0.8b 1.6£0.1b 1.3£0.2¢ 1.2+0.1¢
Pugie 32.6+0.2a 32.6+0.2a 32.6+0.2a 1.3+£0.2b 1.3+0.2¢ 1.3+0.2¢

DR P R A 3R E Loy F AT RIR, R BB G AR — AR B F8 4, K7 23R 2%(P>0.05, Duncan’s %)

R2 RMAEFERRE DB E BSFO1 BRI EZEMFAIE"

Tab.2 The suspending rate and spore intensity of strain BSF01 agent with different types and contents of dispersants

) BIEE% FHEE/(x102 cfu-g™)
NGl
3% 5% 7% 3% 5% 7%
PEG-8000 49.0+3.6b 58.0+4.0b 59.0+£3.3b 8.3+0.7a 8.0+0.6a 7.7+0.4a
(GEDRIERNN 65.0+5.2a 67.0+2.6a 77.0£4.1a 9.7+0.5a 10.0+0.6a 8.0£0.92
PVA 46.0+4.1b 52.042.2b 56.0+£3.5b 0.4+0.1b 0.5+0.1b 0.6£0.2b

AT #IEAIRE LT HEARER, RS RPBEE AR —AME NG FEE, &7 £57F R EF(P>0.05, Duncan’s %)

BT 60%, 5 Bl hr A0 0 1 A7 £E i 35 22 o (A,
ABRT R AR 11 A 43 B89 16 B 391 2 1R B de v, 4
IS B 43 BN 3% 5% A1 7% I, 2R A5 &5 )
IEF] 9.7x10", 10.0x10" 1 8.0x10" cfu-g ', K45
A 2% 1 DA [ 43 B A B P 1R 7 2 R R SR
&, ERE LA HON 7% IR HAA R v BSFOL
[Espallivkg-veniP
2.3 REFIFIZ

ME 1T ] BUE S FEINAA R E R G, &
Aab B2 7 Fr B 35 I o I TR ZE KT D, A TR
E o Fort, DLBRIRES, WEIRE — FH A1 F R4 4 3
R E B Bk A 2 L B S N R 2 AN
Ko MBERREE TR E AN, FRERHE & TH
fin b e, VREALRE 28 d J5, ZEATE EIL 6.0x10" cfurg

x10'2
15[ —+—4% (w) CaCO,

—+—4% (w) K,PO,
4% (w) K,HPO,

= - 4%éw) CMC-Na

°0 10 [ -] iR

=)

2

i

41 5t )

=2 — -

i “-;;;:—_—i-—______':“-ﬁ-—_—:_____..:g
: —

0 5 10 15 20 25 30

1 RMARERRERE BSFO1 BFIMFHREE
Fig.1 The spore intensity of strain BSF01 agent with
different stabilizers
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DRl b, 75 R HH AN N B B 20 B0 4% [ R B AR
24  EIMRIPFIRTEIE
M 2 AT, AN ST 2 h N, S Ab T 2R A
I TR R R, S AR SRR I OR R A
AP B BSFOL R4t . gkt 4T 4R 8 10 h, %
AbER A RS IS T B, o, DURE BN
1.0% FIRIRG A 58 AR 37 7700 10 181 551 2F 0 & 2 ik
30.5x10" cfu-g™, W35 T HANALBRZH . PRI, 10645 A
JRESDHCN 1.0% IS4 BSFOL BRI IMA 5
2.5 BSFO01 EFIRE&N
5 ik, e T BSFO1 BRI 5 BA K 5%
Y a0 H: B 30% WOk N AR, IR 5%SDBS
DR, 7% BT R AR K A o3 R, 4% B IR B
%1012
r ~4-0.5% (w) VC
——1.0% (w) VC

——0.5% (w) Wk
——1.0% (w) Wit

EE R/ (cfurg™)
~

2 RMARIERIMRIFFIGE BSFO1 EFHZFRASE
Fig.2 The spore intensity of strain BSF01 agent with
different UV protectants
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R RE TN Je 1% BRSNS AMRA A, I NN Bk =
W+ #h 2 100% . ARG CR B A F (GB
20287—2006) Ml Fx 4, A5ill 7 BSFO1 B 77 3=
BTN, &5 R, B EEN 6.50x10"
cfu-g’, FKE W)<0.6%, 4 =99%, JiH 1z [
N 32.0 s, BIFHIET] 78.0%, S IIEIRIF & H K
Pt . ¥ BSFO1 B 5B 100 1 000 % 2 000 i
5, FHE RN 1.0x10°%~1.0x10" cfu-g ™!, K FiBE i
FUFNIGE R 50 mg- L' /) B-CP 3,
BRI 7 d J5, &ALEF B-CP 5k B 35 K iR %
I (1 3), Horr, BL 100 J2 1000 5 B 715 B i b 72
5dJG, B-CP kR EIREA L Smg L, FFfEZ
ILF] 90% LA b, Ui BIZ B FIXT B-CP 5k B R L B
EIINET S E

——x]00 —4—x1000 ——x2000

100 ¢

801

60

P2/ %

40 -
P(B-CP)yy:=50 mg-L!

20

I 3 5 7
t/h
3 TEHREHE BSFO1 BT p-CP HIPERRHIR
Fig.3 The degradation of p-CP by strain BSF01 agent
with different dilution

2.6 BSFO01 EFIx 1% p-CP HIPEREZIR

1E = AR Z&E R, ¥ 36 mg-kg! p-CP it
% 2 d J&, Wit BSFOL #7100 1 000 A1 2 000 fi
Wi, 4 HPLC 437, &AL 2 b B-CP JE Gy &
3N 5.71.6.13 F18.71 mg-kg o 5 d 5 BURER I,
+-458r B-CP R B &4 7124 0.03.0.11 #110.21 mgkg
B MR R I5 5] 99.47% 98.37% 1 97.70%, F&f# %L
REZEE4H. BT S5dETAXRREEE

100 e xR - 5d5kEE 105
< 80 10.4 %
t‘%*;t 60 | 0.3 {1
¥ £
& 40t 102 ®
g &
20+ 10.1 =&

0 o : 7 o

100 1 000 2000 AN
P AR R A HL

4 BSF01 EFIXT 1% p-CP & EBRIFEMRMR
Fig. 4 The degradation of f-CP residue in soil by strain
BSF(1 agent

(0.24 mg-kg "), 75 F R 11 771 A B[R] 22 5 B, AE X B
fiR 2R 5 N 87.50%. 58.33% 1 16.67%, 22 W% #
FXE -3 p-CP B A P R R sOR, HRE
fif e 715 1 A A SRR ARG, B b A
iR AR

3 Wit

BEE AN AL RS AR, MRk
IRTF ) 1 (1 055k H 2 I SR AR 245 8 ALk A 7 rh AR LA
JTRAE o PR, R SR B KB R A SRR
BSAEE ARG AR A G B AR LS
Wil A7 AE, S ECT H )™ AR 2GR B T g ) A
B AA 22 A A 2 A ARSI 2 4 i AR
TR, C AR A 2 ik A g ke ) A
LS itk s SN N N LT TR IV R T & s /D AR
T5 R AR L A 28 B AR BT B A 85 AR 24 3

il 750 £ B 7)1 O R A A R PR % TR 4 B AN
JRUT 202N, R b, A FUIE R R Z R Bk, X p-CP
e A7 1 ) 0 B 75 B 23 1R AT 0 2 B Ak, B AR SR
RO W AR IE M, 153 T R 5L 2E AT 1 BSFOL
) da L T3 DA B 25 40 43 I 49 3 LA 30% BSFO1
B A AR, B0 5%SDBS, 7% B R A e, 4%
FRAH, 1% MRS, JFUS N &g 14 2 100%. 255,
WL T 2% B A 2R AR N 6.50x10" cfurg !,
IKEE (w)<<0.6%, 4HE =99%, IR E] N 32.0 s, &
FFZILH) 78.0%, & UFEFRIZIFT & E AR .

e i B 0T A B A 2 ik B B RS e B B
SRR & B RS2, A i =
WAL, ¥ BSFO1 B FITEN 52 B-CP ¥R B 5 4
() -, RTLERT I AR AR B-CP Bk B 7K, 4
P IGAUE T 12 A 75 16 R)OE . (AR R, 5K
B HE [) 2 5% A A7 7 22 P mT B 52 1) A 77) P48 A SR 1)
K2, 4 )5 5 B &% TR 32 i e sz e, a1 f 1k
B 77 o Rt A 77 NS IR 4%, fRFE BSFOT B 771 1 S
briz AR . S35, AR B i 70 B-CP Bk B ) 1%
FRASCR, SR R IR R AR B DG . e, 4
W AR RS ECN 100 F5B), FTRHE PR 38 p-CP
B B8 o i, MG R AR R ) 87.50%, 1A T iZ B I
1 000 fi5 & 2 000 &R . R, & E 5 FRIRAME
TR R SRR B A 8 R, I IR B iS5 G
AKE R A 7 30 T T R 3% 8 SRR . AR
WEFi e KB, B-CP B Btk BSFOL B 77 il £ 77
VETRE MRS SR N UR R A, Bk
IEFHHIRT R, AP R I K . SR, 2B 5EAR
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