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Degradation effect of two bacterial strains on soil pendimethalin

HU Jia-yue, ZHANG Guo-qgiang, HAN Xiao-qiang, YANG De-song
(1.College of Agronomy, Shihezi University/Key Laboratory at Universities of Xinjiang Uygur Autonomous Region for Oasis Agricultural Pest Management
and Plant Protection Resource Utilization, Shihezi 832000, China)

Abstract: JY-2 and JY-5, 2 strains of degrading bacterium, were taken as the tested strains to study the influencing
factors of bioremediation of soil contaminated by pendimethalin, and the degradation effect was verified by biological meth-
od. A positive correlation was shown between the degradation rate and the inoculum size. The degradation rates of the 200
mg/kg pendimethalin by JY-2 and JY-5 at 0.6x10° CFU/g 15 d post-inoculation were 66.18% and 65.66% respectively.
The soil temperature and moisture affected the degradation obviously. Soil temperature at 30 °C and soil moisture of 600
g/kg generated the highest degradation rates of JY-2 and JY-5, 73.25% and 67.07% , respectively. Inoculation of JY-2 and
JY-5 mitigated the growth inhibition of maize and cotton in soil contaminated by pendimethalin, indicative of a certain de-
gree of soil remediation.
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P BRI | 3% A Al O 0 -+ 3 PR 5 3 ™
IR g et e, it , —H R R 7% B 15 & n) i
TR RED,

A A8 S AR — 0 4 8 B S IR AR 1 4
AR T IREE B R AR 2 ik R R A T R YA B
PGB IG YL i — R RO 2, HE A R i
W SRR YE A TR R RS Y S &
L, PRBR M3-1 % 5 Aok B LT AP I BEORS H BT
FE 3R 4 U8 FE RN A+ r A D G ik 38 LA S BR 1
F, Wang %" W98 % R0 & BRI 15 Y2 38 Pt in
HS R MR RIS, 4 d 3 20 me/ke A
THOT AT MR, R AR aE N T B R R R
SU3, AR LR T H e i P RERE SR B8, T — 2
FREE L ARBR T X ERZGEE [ PN AINR R e 11
AR 15 Y A TR 2 | (A0 FH e ik
PR IG Y B AT R ARBFSE DA
A 208 ) P G R e AR A TR Ry X 2 43 Lk
TR AR R IR E AU K R IR
A LR AR AR AT I, B R Sy R TS
Yo+ HE ) A 16 B SRS SRR S AR

1 ARSIk

1.1 iRIe w4

1.1.1 X E A EEE JY-2(Serratia sp.) Fll
JY-5( Pseudomonas sp.) , N7 52 56 %8 7 W M 3% 22 i
FH 5 AF 3G R A0 s AR 4 3 rp 4 B 384 Gen-
Bank F51) 543 % KY432775 1 KY432776, i% 2
PRAE TR RETE LA — F 3R Ry e — R i TC LR 35 77 ik
HE K TEAMIBR TR E 0.5% 3P 10% W1Hh —
I R M 200 mg/L pH 7.0 R 30 °C Ay fe 55
FEMTIRGHEFR 3 d, W R AR5 )] i
83. 34% 1 82. 79% , HHX E KM AH E 9 5,
e R G 45 5 T E

1.1.2 & AAERA 33% HRAAM, K
HARZYT 7 395% — R BRAE S, IR AR FRAC 24
A T AR A B 17 i PR TR A 40 e 349 2k 23 A
afi  CHLER RS FR 5L . NH,NO, 1. 0 g,MgSO, - 7H,0 0.2
¢, KH,PO, 0.5 g, (NH,),S0, 0.5 g, NaCl 0.5 g,
K,HPO, 1.5 g, 7%/%/K1 000 ml,pH 7.0~7.2; 4~ A
BEAMGR R . AW 3.0 g, HAMK 10.0 g,NaCl
5.0 g,7%%/K1 000 ml,pH 7.0~7.2,

1.1.3 AR 23 X1 E R A AW T R

i (44°18'N,86°02'E) , x4 th 4 58y BRALAE 5T Ay
LT 29. 15 ¢/kg, %A 1.56 o/kg, LB 43.50
mg/ kg, HACEP 140. 58 mg/kg, HUEIRE 0~30 cm,
i 2 mm §i, 160 CTHKE 4 h, % ARG H
ZHRR

1.2 KEAH*

1.2.1 BMEdH & BRI EE M 2
A-PE A IR G SR B b SRS AE 30 °C L 180
t/minfE R 3% 24 h, B0 (10 000 r/min, 10 min) ,
Bl IR RrUTUE B T AT 45 1 I T HIL R 35 o5 Ak
VR, 5 il 25 A MR VR R AR BT A T TR
IR B BRI RR JY-2 29°8 5.7x10° CFU/ml, Bk
JY-5 25k 6x10° CFU/ml

122 X3EF_FRIZIEZHaE HEHKK
10.0 g £33 A 50 ml MBS H A 20 ml &
I, 9% 3% 42 B 30 min, A 4.0 g & ALEH, 3 HE 1
min, 7E4 000 r/min F &0 5 min, B O )5 FIE R
10 ml T2 T BB 1, I A T K B R 44 2 B
AHUH K, 40 CWRRAE T, NEERE S
ml, &2 0. 22 pum P, & A SAH S R, (8 2%
F . HP-5 354, 30.0 mx320. 00 pmx0. 25 um, i
FELTRE 280 °C, AR 200 °C, K #5258 36 300
C,HEFTFHEARF 250 CHAFF 0.5 min,5 C/minFt
#| 280 CIAHF 1 min, () AW H 30 ml/min,
A 25 ml/min, 25 S E 300 ml/min, FEFE
1O pl, FREFESAMT, —H R B2
2.169 min, LA 5 mg/kg .50 mg/kg, 100 mg/kg — H
R 3 AWEESE S W ARG I R
77.18% ~92. 80% , FXI AR IENR ZE7E 2. 39% & 8. 73%
Z[R] i A K

1.2.3 EE P TR EBMIRE  FREL100 g g
FIET /NS A W Rl R R
RE %M 100 mg/kg, 200 mg/kg, 500 mg/kg .
1 000 mg/kg, IR, 4 A0 JY-2 F JY-5 B
IR IR ol A 3 b ) B KR R )R KRR R )
60% , i + 3% h A& B2 0.6x10° CFU/g, B
THFEAH T 30 CHEEFE, 0T 0d.1d3d.7d,
11 d. 15 d &0 3 b — R 5% R &, B — A0 3
HE 3K, R Sas {0,

1.2.4 23 P R EM 0B FiXE

1.2.4.1 MR FREC100 g O TR,
IMAZ R g iy — % R & &= 200
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mg/ kg IRAI] . MBI 5% 10% 15% 20% Ky 3%
et B AR A 2 A el bR iR
A 0.3%10° CFU/g,0.6x10° CFU/g.0.9% 10
CFU/g.1.2x10° CFU/g, &7 - 3875 Kk 42ty 1 ] 4%
KEFKEN 60%,15 d J5 BOREI @ 38 — B SR
i
1.2.4.2 EE  FREC100 g ik H3E T2, I
AZHR i - b —H R S8R 200 mg/kg,
RAEA, DL 10% By He M 5008 T80k #edh 2 11
rf Y S K R H R R KK &= 60% ., 7
BIE T 25 °C 30 C 35 CEE RN IATHREE 37,15
d JE IR 4 b — H R R R B i
1.2.43 2 FREC100 g Sk 3T
AZHR il -5 rh ZH R & R 200 mg/kg,
RAEBA . DL 10% 1Y M 58 E 2R He M 2 13
R REAY RS K R B 200 g/kg 400 g/kg 600
g/kg 800 g/kg, BT 30 CHFFAH 17 HE 1 5%,
15 d J5 BUREI 3 rh R AR B
125 AMERirsmxbBEnkmaR KA
A i IIE g Ak R A B A P R A U R
MRCR . B DL AR, H e E R Ok i
B (25 XA ) H 3R 200 me/kg - HR R HA
PERPRAR T IR 200 mg/kg —HI R R IF 3R
10% WIRERF DA JY-2; £33 200 mg/kg —H R,
FEHEN 109 1 B F R TY -5, 308 153 ‘L A ik 45 1 a0
AR, FF A FE S 14 d, 20 G FARAE A &
KB, BEAL 15 R, W8 2 JF THEF S 21 d
X H My ARAC TR T B AR B T I
WEEA To 2y pe A RSO I AT PEA
1.3 HIESH

HEh R R (W) TR W= (CxA, x
VixV,)/( AyxVyxm) , X C O bR HE I WO
(mg/L) A, SARE A g e 24 i g TR, A, R b o
st HR A 0 R 2 1) g T AL, W, Ok i BB R A R
(ml) , V, Rt FH 6 I A B U AR (ml) |, Vg
SRR E AR (ml) ,m ARES R (g), AHXT
MR (X)X = (Co—C.)/Co x100% , R €
WAL I TR SR (mg/kg), Coc N
REWAAH P H RS & (mg/kg) . K
M Z (1) TR 1= (Ny=Ng) /N, x100% , X N,
25 0 BRI 248 151, N R AN (] Ak 34200 A 1T
Si3py e

BdE % ] SPSS 19.0 Fi1 Excel 4344k 64775
2T M T A, A B 2 0] Y 25 55 B 3 P A A R
JH Duncan’ s HrE W I, Frol4iih 3 s Z
FEH A

2 HR5Hr

2.1 EHRJY-2 0 JY-5 X3t EEh T HX R ERE
HER

PRI [] 5 et — e R B A R A sl S n 5]
1 R, ZHIRRWIH 58 100 mg/ kg ALHEL
ARG S 15 d, Zad BERE JY-2 1 JY-5 [REfe, 4%
H R N 101,03 mg/kg 23 B FEF 26,9
mg/ke Fl 26. 11 mg/ke, K fift 2 43 5 A 73. 37% F
74.15% , WAk 22 A B3 W IR AR &N
200 mg/ kg AL FRA , e FP 54 15 d, —H R B
fEZRAY R 72. 32% F1 65. 69% , FHRT T+ H SR B R
44. 44% 5 WIER T T 27. 88 1 21. 25 N 4, Bk
JY-2 R T3 W B A R vk, 25 5% B 3 —HRR
Fri N 500 mg/ kg AL FRLE | B I A A A e | BN S
557 d, TR R B AR A 50% DL JE
FHXT B2, 55 15 d 1 B A R 4 51 A 70. 619% Fi
64.36% ; 511 3 A W R &= AN FR A H, B R TE
T HRBI A SR 000 me/kg - HEHTT TR
RIVBESAEAT D BT 7 d ESRBEARE (XTI ) By
23.37 mg/ (kg - d) , BAR JY-2 F1 JY-5 (1) B fiff i %
I3 h 45. 35 mg/ (kg + d) F142.30 mg/ (kg - d) , 5
15 d P RRRIR IR AR 50% 547, B3R TR 3 4
TR SRR, R W, R R
FH G R 2 o R e T A A 7= A B P Y, S B0 e g
IR,

TR R ST — B 1
T, C,=Coe™ ot C oMt 2 J5 — W 3 R 1 i i
SRk AR EORE B, C oM, o IR
Ipa] AR 3h 12 28k 1 s, WA
WIE 5 B0 100 mg/kg, 200 mg/kg., 500 mg/kg.
1 000 mg/ kg kb P 4 Xt BE A ( A 422 Fl [ At v ) 4 ep
TR R B AR A O 12,37 d.18.73 d,
19. 80 d F130. 13 d, 42 Fef [ fifk T A 3 1) Ak i > 3 10
A P4 FERP R TY -2 AbBEAY e — R R R
il 139 9.49 d.9.76 d.10.19 d.14. 14 d,
PR ERIAR TY-5 Kb EH Y A 18 v R S S R A e
4350 8.34 d 11.17 d.11.94 d.12.38 d.
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Fig.1 The degradation dynamics of pendimethalin in soil by strains JY-2 and JY-5
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Table 1 Degradation kinetic equation and parameters of pendimethalin

S Gl T I e HEEH T
100 CK C,=97.074¢™ 005" 0.056 0.979 1 12.37

JY-2 C,=73.310e 7" 0.073 0.842 3 9.49

JY-5 C,=87.759¢ 0083 0.083 0.950 3 8.34

200 CK C,=177.9506 0057 0.037 0.974 9 18.73

JY-2 C,=155.860e 07! 0.071 0.921 8 9.76

JY-5 C,=142.910e0-%2 0.062 0.830 5 11.17

500 CK C,=452.440¢ 005 0.035 0.979 5 19.80

JY-=2 C,=337.070e0-08 0.068 0.792 6 10.19

JY-5 C,=357.420e0-08 0.058 0.802 7 11.94

1 000 CK C, =828.990e0-03¢ 0.023 0.964 0 30.13

JY-=2 C,=785.530e0-04 0.049 0.8715 14.14

JY-5 C, =840.140¢0-061 0.056 0.797 1 12.38

2.2 EHREFEX ZHIRK REBHEN Ko BN 5%m, IR R 5 )

MR 209% I TR RR JY-2 A IY-5 4B N 55.17% 1 59.50% ; 24 4% F i i3] 10%
Ja EEh R R G RER T 1S dB R B B RRE JY-2 R JY-5 BRI R A ORI B Y
T2 T I e T 0 PRAY 38, 80% 1 N B T 69. 66% L, 251k 66. 18% Fl 65. 66% , 2 J& 14 K 728 4%
F168. 79% , H.IBE H2 i 19 15 I K ff 52 A B (KEl2),
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Fig.2 Effect of inoculum size on pendimethalin degradation

rate in soil by strains JY-2 and JY-5

23 TEREXZHKRMEEEG

PRESVREE 231 h 25 °C 30 °C 35 CH}, %/ 5
15 d F#R JY-2 b3 A 38 v — 1 30 32 1) [ S5 533l
9 42.01% .68.28% .55.03% , # Kk JY-5 By [ fie %
I3 K 43.38% . 62.64% . 51.92%, Y& FE 30 °C
B, PRI AR A F ok R G | R A R B e, S5 0 IR AT AH L
PARE JY-2 1 JY-5 09 RS A 3240 38 0 1 29. 06% il
23.42% ;B 25 CIASFI T BE AR B bR 1 A= 4 | B fid
eI E (K3,
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Fig.3 Effect of temperature on pendimethalin degradation rate
in soil by strains JY-2 and JY-5

2.4 TIEEREN—HXREREEE

AN HES KT IR ) [ SR AR R
35% LA o IMARESR R G, — NG R0 B A >R 1
R, FLREE 5K g, SR i R R
M SRR AR (B 4) . HHES KR 600 g/kg
sk Y R R i 3 b 2 v T LA - S K A B
PR JY-2 F0JY-5 B9 B i % 43 SR 73.25% AN

67.07% ; 24 T3 & K=k 800 g/kghtt, -4fErh —H
TR PR i R B BT B, B i 280 1) B 22 56. 97%
F152.88%,

100
80
60,

B (%)

40

20

300 460 660 860
TIEKE (gke)
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Fig.4 Effect of moisture on pendimethalin degradation rate in

soil by strains JY-2 and JY-5

25 EHRIY2H Y-S LERTRHKR%E
R R EYRWIE

T2 S5 R R W], 2 Bl R AR A A
M e p iy W R, a5 AR IR B R bR
A0 3R KRR AR BB 4 T 4 58 200
mg/ kg = H S RARAS B Bl 58 i 1R A I B R 25
AR AR A, M AR R N, R 2 A
R E, NFR 2 33 el LUE AU A
A A B ) R oK T R AL 33, 33%, M 4K H T R
FEXT T, R 71, 11 % 5 1 0 24 0 7 A 28 1 £ 438 v
TR R M R A, T BR JY -2 R JY-5 Ab B
oK BRI = F 55. 56% M1 67. 78% , M AL L
RN 5] 88. 89% F1 91. 11% , 45 Jn 24 A hin i b
P, MRm MK EE TR T AR
BERRPR I 2 R 50—, 4ad 21 d B8
I AN 25 100 AS A0 B AL BE B R R0 AE 24
R 20 A A IR Y 18, 00% A 23.93%
He KR 0 51k 82, 00% I 76. 07% . 25 TH tk
JY-2 F1JY-5 Ab RS | Az F 40 il vk 5, 6 oK 9 410 il
Ry 9 R 40.67% F39.35% , 4 B BEAK T
41.34% F1 42.66% ; Hi 46 0 90 1 2 4 5 K
20.85% 1 10.37%, 4 | M A% T 55.22% H
65.70% . BLAb, e — R KRR e, BRI
FIKR AL B Y ff 5 B A R = Y B T AU 2
T AN i B Ah 3
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Table 2 The degradation of pendimethalin by strains JY-2 and JY-5 indicated by maize growth

Ak AR (%) B (em) A (em) P (g) PRk (g) AR

CK1 91.11+2.22a 41.60+2.69a 3.08+0.50a 2.92+0.37a 0.38+0.05a 18.60+3.61a
CK2 33.33+3.85¢ 7.48+0.90¢ 2.08+0.16b 0.24+0.06b 0.04+0.01¢ 4.40+0.68a
JY-2 55.56+6.36b 24.68+4.08b 2.96+0.21ab 2.51+0.43a 0.28+0.03b 15.40+1.91a
JY-5 67.78+5.56b 25.23+4.22b 2.27+0.16ab 2.26+0.27a 0.23+0.03b 15.17+1.70b

CK1; H3Eh e — W R JER e (25 AT IR ) s CK2 : 38 200 mg/kg — H R R H AN RN IR 1 ; TY -2, T3P & 200 mg/kg — W % R I
B 10% IREMRTE TY-2;0Y-5; 2385 200 mg/kg —H R R |, HAER 10% M FEAEE TY-5, FFIARRE/NG FhERR 25555 0.05 B FHKF

®3 EHRIY-2FJY-5 EZARREZE TENBELEKBOZN

Table 3 The degradation of pendimethalin by strains JY-2 and JY-5 indicated by cotton growth

b3 HER(%) B (em) K (em) e Fii (g) TR (g) AREL

CK1 95.56+2.22a 16.88+1.39a 9.80+0.70a 3.02+0.14a 0.33+0.03ab 32.33+3.09a
CK2 71.11+£2.22b 4.04+0.16¢ 8.28+0.56ab 1.03+0.09¢ 0.09+0.01¢ 8.40+1.78¢
JY-2 88.89+2.22a 13.36+0.48b 8.52+0.41ab 2.24+0.09b 0.27+0.02b 18.20+3.25b
JY-5 91.11+3.30a 15.13+0.47b 7.40+0.36b 2.55+0.14b 0.35+0.02a 21.67+3.08b

FAEPEILF 2 T, FISIARENG FRER R 22555 0.05 BEKF,

3 9

A 245 1) % figk 6 G i | A R B A P R e, L
T MR R B R AR FE I R R
fife TR AT LI A 2 R A ARG T £
FEAD R A TR T — NG R ) R e SR A 0] B A 3595 AN [
FREERS N, T 4erh Z WP R R BEME ) 122 TR R,
BERE JY-2 F1 JY-5 ZbFR IS 4 ASve B iy — R R
WA X R4 o il 46 4 T 23.28% ~ 53.07% Al
32.58% ~58.91%, ML UL, BAK JY-2 1 JY-5 7]
8 250k - b SR B R AR LA BT
HIT 5

ARHWFFERT R B JY-2 1 JY-5 BSR4 T T
e, e Sgerh | B A TR A R A s R A2 SR T
JEUSAEF R RN R W, 5% i e R
FHIREAR T QC-13 [ Fh i 5 1 3 rh bk mk 2, 4 i
V%) o i o 23 S5 TR O R e R 230 i 2 P 2 19 344 o i
Pem, X SAMIAIR B, AU a RN 1%
T EE W BE AN M A 24 1) 3% TR TR, 348 7T 52 i) % i
TR A A K R o e 0 5 PR IR I, R A R
JE 0 BE R A i v I ik T A A s8R DG B, AR i
TR RR JY-2 R JY-5 Rl W 3G R Y Feadk 3
JE4 30 C, FeftE 45 K& N 600 g/kg, T3S
KA, R B R R BT R, R

AIREE TR KE R S8 R e A TR, R
TR e RS At BT 1 A, DT 2 i R A R 03X
1 SR T 2 AT 4 SR AT

ARMFFE I DL K R AL R B3R, X TR i
JY-2 F1 JY-5 fBR 25 F R AT TaF5E, TR
KRBT, ST A YRR AL T 32 25 T 5
TR R RS A B 20 R R BOR, K AN
AEVK A X BEOKSE (RS AR R s A L, A B3
LB, B 7% B S22 W e 3 200 o o b 3 —
R EE M ARG ET RS, RIA =3
K Qsun-3 1 Qsun-6 A0 PR, 35 b 1 B9 A= 4 90
FRIPMEAR T 33.64% F1 30.39% , X 5 A3 5 45
— B, ARSI N JY-2 A JY-5 44 B
0 R R G R AU, 3 A - 4 48 5 ) P A0 o
K TR A et T S MM, H
S AR A S0 AR HEAT 8, X ]
R TG E— 2B AR, A, X R £ o e Ao
3 R A 2 HLBE A Ry 10— R

SE
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