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Abstract; Chlorpyrifos is a phosphoorganic insecticide with a cholinesterase inhibition, which is widely used to
control pest in agriculture. The objective of this study was to determine the impact of chlorpyrifos on enzyme (i.e.,
invertase, urease, acid phosphatese and catalase) activities and its microbial ecological effects (i.e., respiratory inten-
sity and nitrogen transformation) in forest soil at Zijin Mountain under laboratory condition. Results showed that
the soil urease and acid phosphate enzymes were inhibited by chlorpyrifos at doses of 1.25, 12.5 and 125 mg a.i.-

kg™ respectively at given study period. It also showed inhibitory effect on soil invertase and catalase activities with
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both dose and time dependent pattern. However, the inhibitory effect on these enzymes could be relieved at low
dose Z1 treatment (1.25 mg a.i.-kg™) after 60 d, but maintained at high dose Z100 treatment (125 mg a.i.-kg™). In

addition, chlorpyrifos could stimulate soil respiration and nitrification at the initial stage. But the soil respiration

were recovered and the nitrification were inhibited respectively at the late stage during the experimental period. All

these data suggest chlorpyrifos has certain ecological risk.

Keywords: chlorpyrifos; soil; enzyme activities; respiratory intensity; nitrification rate
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1 ##l57 % (Materials and methods)
L1 kY

480 g- L' #EALMERLI, th et KALfE TAHBRA
AL, 480 g- L B3 EAUTL I ) (a4 3 FH o
9 1.25 mg a.d.-kg", A4k A R) e FH 15 R R A B
ZH(Z1),10 5 A B 4H (Z210) #1100 £% 1= 4k BEZH
(Z100),

1.2 e 1 4%

e e E N N B B AR S o L L
BN 1187487247 ~118°53°04”E,32°01° 577 ~32°
167 15" N, I RA i, RAIERmLLT
0~20 cm FYBTE - FE | 55 100 357 B4 [F] 5256 %, B
FHMUARHKM S IRFTEAE 4 CARm L, BU—35 0 fif
HAE 5 2 mm 0 R e T, A AL
T, SR LS DS OO OO AR
i pH LR 1,

1.3 RIS T e 1

FREL 500 g it HHET 1.5 L JE3ir, 43 g
B 13 WL 130 pL A1 1 300 wL # 48 g-L' 2 5E 00 )
WA RE 10 5035008 A A Bemb iR sy, ke
AW A DRSS TR PR 5 Al g B S
RGHESY W 1.25 mg ai.-kg” . 12.5 mg a.i.-kg’
1125 mg ai.-kg', 7F 25 CREFERTRFE, 2 I4h
IR AR K R R R K 1 60% , 7377 0 d .3
d. 10 d.20 d.30 d f160 d AFHUFE, 15 B 217K X IR
2 s W R K B —Ab BRI 3 AN A

F1 R TEEBEUMER

Table 1 Physicochemical properties of soil used in the experiment
AL A BA ey gt A HRLE K
e Ag-ke™") ol Ag-ke™) Ag-kg) Ag-kg™) Amg-kg™) Amg-kg™) (mg-kg™)
Soil Organic matter Total-N Total-P Total-K Available N Available P Available K
Ag ke Ag-kg™") g ke g ke Amg-kg™) Amg-kg™) (mg-kg™)
piged
Yellow 77.58 622 0.44 1.16 5.70 15225 8.91 11876

brown soil
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1.3.1

g’ (24 b)),
1.3.2  JIKEEN & J7 ik

R e 5 L A3k g e Oh v
24 h P2/ NH,-N flfk(pg-g' - (24 b)),
1.3.3 MBI B o Ty ik

K HRBE IR AR AN k™ S e SRR
o 38 24 h KR 1 mg XA IEASBERR 4N (PNPP)AY
f(mg-g"-(24 b)),
1.3.4 b S SN E Ty i

K FH B PR B0 8k R e SO RS
8 20 min 43 EAL S E(mg- ¢ - (20 min)"),
1.4 FEFEMEFL T - ek e s e
141 I TR Co, e ik

FERRAT IS 2 H/NBERR , — HROR s +
58, 53— BT NaOH B8 FH T W e 4 98 8 A= W np
WRETHY CO,, 150 - SFE h BEFE MR FE 43 1) A 1.25
mg a.i.-kg'(Z1).12.5 mg a.i.-kg'(Z10)F1 125 mg a.i.
-kg(Z100), ¥ AR A% P B T (25 1) °C ARG 2%
RIS, RTG530 4E 0 d.3 d. 10 d,20 d,
30 d Fl1 60 d BFHURE, Eh i o il 2 11 Cco, &
i, PR DARET v R HERI CO, 22 T AL
FIR, BT mg kg 5 WP FE R R (% ) = (Ab B4
CO, Bl -X R CO, Bl )/ % R AL CO, Bl iz .
1.4.2 - HERLA W 3 M Al 0 1R 6 R R I
7£H3—141

P AEFEF] 5 125 mg ad.-kg' (12.5 mg a.i.-
kg ' A1 125 mg a.i.-kg' (IR 585000 B T hedr
(20+2) C ARG ZAF T Ry 2%, B0 1 (R AR5 - e K
KR 45% ~55% , I TR 5 53 BI7E 3 d.10 d,
20 d.,30 d 160 d BHIBGRE . AL S IR PR IR - 53
TR RS RRER & . RS AR AE R LA AR
RATve 15 49 7= A iR A 1) 2 7 B0, J A
N mg-keg!-d” . BEALYE SRR (% ) = (L B

TR Eh e Al 38 -0 MR 2 B R 0 AL 39 /0) IR AL v i R
Fefex,

1.5 BB S

I ] SPSS22.0 A X 0 i A5 K4 EA T 4347
FIFHXBH [C 2 8 ) 55 (Duncan' s multiple range
test) AT XTI 21 B Ak B2 1] 71 25 5 0 3 1k A A, AN
[Fi) Bk R 7R FE A 7] 2% 5 B[] 2 7] 22 57 ik 25 (P<0.05)

2 Z53R (Results)
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MEZESH" B 1 BRI FRAR Nt
FLIMG , R 5 1 it 2 74 0 M2 58 5 2 (10 1
JIVRN BRI [ () JE K & A B 35 A0 Ak, 2288 3 d i,
5% HERH LA $HE 2 TR it 0 M 3 B0, b Z10
Qb B2 ) - SR T A v T R 9 AE 60 d
(1) 25 58 A N — L4 R R /KO ARG i Z1 b3
TEZBRVING d)FN 2 TR AR (60 d) - 38 b il 5 P
35 5 TR IR ZH(P<0.05)  (H7E B 85 rP A 3%
WS AR ; T A0 R B 2100 Ab B 4 F - 398 TR A
A S IVE R, 2288 60 d B, 3345 FH i 31 2 2K
S (P<0.05).,
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= c
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tén% 549 ., Ia
R Z 524
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= 48 .
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i al/d
Time/d

B 1 AEFESEE L EEEREENZmAsEEL
TE:Z1, Z10 Fl Z100 F/RFEFEMA S 1.25 mg ai.-kg™ |
12.5 mg a.i.-kg™ fll 125 mg a.i.-kg ' AbBEA ;
N T R A IR A T AS [R] Ak B2H (1] 22 57 8 75 (P<0.05),
Fig. 1 The dynamic effects of chlorpyrifos doses
on soil invertase activities
Note: Z1, Z10 il Z100 stand for 1.25 mg a.i.-kg™', 12.5 mg a.i.-kg’!
and 125 mg a.i.-kg! chlorpyrifos treatment.
Different letters indicate significant difference between the

different treatments at the same time (P<0.05).
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FEAR, A 2100 AbFHZH < 710 ZhFfigl < 71 4b 3R
4 5 24 B FR A A 5 10 R BA% 21 Aba
CH KB IGPERF 22 T RE(52.6 ng-g' (24 h)"), 54 4%
i 210 4bFEA REE G PETC 3 22 5, B R =
7100 AbFEZH R BEEPE ) 35K T Z1 AP Z10
AbFRA ; 7 W2 30 d~60 d I, 5 XFRRALAH B, Ab PR
SRR T AT SR B MR A B R, 21,
Z10 F1 Z100 4b 39 25 JIR B 35 1453 514 13.9 pg- g -
(24 h)' 149 pg-g' (24 hy' 1 11.7 pg-g'-(24 h)",

¥ 5 E AT X IR A(P<0.05).,
_ 180 . el
E Z 1601 o
< laaaa
QQ 140 grt 710
— : : 07100
2 ¥ 1001 c
IV Yo}
2 2 801 b
=X
E £ 60 X bll, —
£ 5 40 [ : I
g b | a = 2 a a
Bi 2 il il
'H ju) 0 ; . . i i
0 3 10 20 30 60
s Tal/d
Time/d
B2 AEFESTiEx +IEREE MO

TE AR RE R AR ] e [E] A 7] b 38 £ i) 22 57 . 35(P<0.05).,
Fig. 2 The dynamic effects of chlorpyrifos doses
on soil urease activities
Note: Different letters indicate significant difference between the

different treatments at the same time (P<0.05).
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BRCENT ) RO 2R A 1L RRbR Rl e
P ShASFE M AN 3 s, 3R R Wl il xof 7 St i
M o7 TGS | 7E SRR A (0 o)A A 9 1R P W R
T P BN A7 31 5 2 4 (P<0.05), Z25E 3 d i, b3
2 TR 1 O T I 0 A S IR T R L, ) Z100
b FH G R T Z1 A Z10 AbFRAH | {H B S s
B Z100 4bH 20 B 75 ) 2 25 B AIK(P<0.05), If 7 3%
A F N B E LT X R AL A Z1 Z10 b HA
BEALMICHI i Z1 A PRAL 7 258 10~30 d i), + 35
WML A IG PEAG FIr i N, 22 88 20~30 d iF B & T
XFHRZH N 210, 2100 AbBR4H | (5 7F 5 58 AR W] (46 60
K)Z1 Ab L G PEA T T I, B KT X R (P
<0.05),

2.1.4  FEFEMGRL I A 0 Sk S T )5

-3 5 A A U R ML 20 i A )RR B
) SR SO 7= A ) o S A &, DA T i ok ok 4Rk 0%
AR EFEEN, 2 IEEEN RSN
U8 ERIA] | Z1 AbIRZE RN Z10 AbFRLH A AL S
it 155 77 SR A O - B -0 5 T 2100 AbFR 2
i S A UG 7 ) e BLCA BTG - P, 7E R ER 0 d
Bf, FE Ak P2 ) T 1 2 S o T IR A (<
0.05), Z& G54 3 KIF, 210 ALBRAL AN 2100 A4k P 241 it
T I T R RN i Z1 Ab34H (P<0.05),
MR E ZER F] 10 d~20 d, Z1 &b P2 B 51 L
SFRELHAE BT TE, T 210 Kb 3 2H S R0 R R (H
5XHRHATEEESR,

mg
N =
S35 3

FRYERARRERTS /1/mg « &
2 S

Acid phosphatase activity/mg * ¢!
Y
S

il /d

Time/d

AEFIEFTEEX T IER BRI M ETN

T o N[ B 3R 7R [ P ) AN ) Ak B2 i) 22 55 Wik 35 (P<0.05)
Fig. 3 The dynamic effects of chlorpyrifos doses on

23|
@

soil acid phosphatase activities
Note: Different letters indicate significant difference between the

different treatments at the same time (P<0.05).
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E g 35 . < w71
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L. 251 b 07100
:%D “" 201 s 3
= 2151 L nk X
H,'E E 1.0 a b
ko= a a a
W Z 05 i i
=2 (0! : : , : ,
¥ 3 0 3 10 20 30 60
ol il /d

Time/d

B4 FEFEHEEN RSN EEENEMBEHEE
T o AN [ S B 3R 7R [ P ) AN ) Ak B2 i) 22 55 Wik 35 (P<0.05)
Fig. 4 The dynamic effects of chlorpyrifos doses on soil
catalase activities
Note: Different letters indicate significant difference between the

different treatments at the same time (P<0.05).
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B W ARG R, 3 W T F [ 2 5 % - e
AR PR fa F RN FR 2 v CO, BB
WALV EN ER3: 0~1 d B, 2100 AbBE4H A1 Z10
AbFREE CO, R W& T Z1 AL BRZH (P<0.05); 1%
£ 1~3 d.3~10 d B, A[E AP CO, Bk
WA 2 5 B A B IR (R ZE K b 32 X
TR+ A Y CO, R T 2 3 ka3 7R85 5% 10
~20 d B A B ZH OGS HE 2 35 43 03 B o KA, e 8
FEARM (30~ 60 d), H & 4k 2 ZH FR ] = Ak FH4H
CO, B SX AT 2= 7, % 2 h CO, Bk
iy ARG NS e S E A Do ST )
WP W iR B2 1) 52 M P40 e IR R R VR . PR SR A 40
(0~1d.1~3 d.3~10 d), FEFLMALHZH CO, Bl
2 B 52 M R AL 5 B A6 WRFL X - R
WA FH A R4 T 25 GR 00 0 B o b 35, B 5%
FRIF ] IE K (10~20 d.20~30 d), CO, BEhl i 14 5 il
BB WA, FEFE WS 1 SR A Wy W I 5 B 1 5 )

B/
i

AEBRZE (10 5 4) . Z100 4bFHZH (100 1755 ) 5 56 1
FLil¥ Rt 3 R W CO, B P2 AR AR
AL T T 0L e X - A A P A ) 5 i
RFErE,
2.2.2  BEAEMEFLIHOG IR WA AR A2 R
TiE A A PR X6 Y g 1 SRk DA B A R A
W EEEEVE I , F R HE 7R 885 Y X G W i 1
PERZIPY 3% 3 Bl o, dE SR 2L i o0 1 A 1k
A 52 W 26 BRI 3 I0S | Bit Je D) R 8  IkAE H
TERFR4 W (0~3 d),Z100 ALFELH AN 210 40 FH 20 7
AV B 5 T 21 A FEZH (P<0.05); 55 55 i ]
FERF] 3~10 d B}, Z100 &b PR A4 RS AL A FH R i
EIRAN(P<0.05) ; Bl 2 15 = 0 (] (1) F — 2B 2 4 4% 4k
FHEH ()R A FH R I A R AR K -, A ] b B4
BTG 5 25 57 AR IEA 255 R W R AL R )
RIAFRAED 5 28 d N, Z1 b BB AH (HE 2 it )
XML 22 5 KT 25% , ] F 78 5 50 ML 3 4 4
e E s A E B K

IS4
2

B/
2
IS4
o

®2 AREFEFIEEI TR YIEIRSEE M EE

Table 2 The dynamic effect of chlorpyrifos doses on soil microbial respiration intensity

$8F5 Index AbFE Treatments 0~14d 1~3d 3~10d 10~20 d 20~30d 30~60 d

CK 26.3+3.9a 11.6+3.98a 50.2+5.3a 150.0+10.5a 553+17.1a 63.2+5.5a
CO, Bt A(mg kg ™) Z1 37.4+13.2ab 28.9+2.6b 108.4£9.2b 168.4+25.0a 65.8+7.9ab 76.3+1.3ab
CO,emission/(mg-kg™!) Z10 74.7+14.5¢ 653+7.9c¢ 1953+17.1¢c 289.5+21.1b 89.5+5.3¢c 81.6+26.3ab
Z100 55.8+5.3b 77.4+2.6d 109.5+7.9b 336.8+5.3¢ 81.6+5.3bc 86.8+23.7¢

) Z1 42.0 150.0 1159 123 19.0 20.8

SRR /%
Z10 184.0 463.6 288.9 93.0 61.9 292
Effect rate/%
Z100 112.0 568.2 118.0 124.6 47.6 375
1 FZAN R 7 B:Fe 7R AR R B[R] AS [ b $HL2H [7) 25 55 (i 25 (P<0.05),
Note: Different letters in the same column indicate significant difference between the different treatments at the same time (P<0.05).
*3 AEFEZIEEI T IEHUIERZ MM TEN
Table 3 The dynamic effect of chlorpyrifos doses on soil nitrification
$8F5 Index AL Treatments 0~3d 3~10d 10~20 d 20~30d 30~60 d

CK 0.355+0.161a 0.210+0.040b 1.145+0.516b 0.645+0.194¢ 0.387+0.161b
EfLE % (mg - kg™ -d ) Z1 0.677+0.016ab 0.258+0.153b 0.097+0.016a 0.081+0.1452a 0.065+0.050a
Nitrification rate/(mg-kg™' -d™") Z10 1.468+0.363¢ 0.323+0.032b 0.032+0.008a 0.097+0.016a 0.065+0.051a
7100 1.065+0.274¢ 0.032+0.016a 0.032+£0.032a 0.194+0.065b 0.065+0.049a

) Z1 90.9 23.1 915 -87.5 -833

R %
Z10 313.6 53.8 -97.2 -85.0 -83.3
Effect rate/%
7100 200.0 -84.6 -97.2 -70.0 -833

VE : [R) 5 AN TR] 3 2 7 A ) B 1) A [ Acb B £ 1) 2 e . 2 (P<0.05)

Note: Different letters in the same column indicate significant difference between the different treatments at the same time (P<0.05).
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3 iFi( Discussion)

F2F AR 2 IRANTT B AR ) OR3P 7 i (B
A 10% A 25 VR FIAE B I 40, A oA 2y
PEAREE , B R 25 1 B4R, il ad iF 5T
Ae 2%+ ERG G PRS2 PR 3 AR IR
SR HAE R — U ST RS b, FIWT A 25 %) + 0
95 G B DL S T RE X A= 25 PRI A B ) 52 ), 23T
AR IS BR A B 5% AR 1

FEVERG AT T LI 5 2R B 4k
A3 K WP E 38 b 5 s v 3R ) RS i A A
Fio FEHEEERPTHFSE 0.96 mg kg™ ~48 mg- kg FAL
WX ET A58 | B VBRI W A % 4 s ) 2 B, A B
WIBTEL(3 d )R ISR (B BE A 1F H ]
FIHER (20 d), B FEMGT MRl % 1 = 23R 4 ol
VEFH, PAAECH B 5T T 35 50 W BT N i 28 R 1 1
(R ) REREBE O 52, & B 2.0 mg-kg” (4.0 mg-
kg 1 10.0 mg - kg™ 75 HE 15 Ab 4 21 35 X6 A 438 750 il
FAMHIVE R, 252 30 d J5 REFEM0T 1 198 o0 il 114 0
HVEFIERR . AW 5T 45 5 s B SE WX+ 18 e AR g
FAMEAE L, B2 R W60 )R #(<12.5 mg -
kg™ ) A FHH AR O 4 A R AR, S R RIS
gE LIR30 (H ) (125 mg - kg™ ) Ab FH 20 fE A
Rt A ) — 2 1, 0 AR S 5
MR EE T A G,

JOR il 2 PA 398 v 3 SR W e AL g T RTAE g 7K
I EE AR FRPY . Rain S5 HOAR T B S8 WX 4 4
SRR TG TER G | B B S RN IR R T D Y
SN o TR At A0 5 S0 o) 75 S0 5 R R s
B PR 5 T AN R B LR (0.5 mg - kg™ 2.5 mg
kg F1 25.0 mg-kg™ )X T 95 4 [ 1 338 JI [t 0% 1 52
M, N 50 d FYIG IR B2, B A0 0T - S8 Mk il 0% 1
FEHN IR, B R P RFSE T 2.5 mg -
kg |5 mg-kg" Al 10 mg- kg™ 75 50 WS + e IR Al 5
PESZ R, A % B ) F41) £ B S 0585 AT 0 o 4 8 ik
FEPE . ARG R BN, R IR0 60 d N, 7
HORENT - HE IR il e 2 B o 0 o A 358 2R 3 (60
)RR FHATE A A, DAk 35 5 80T 1 3 IR ity A 48

S

- R RE (2 AT HLBR AL A K e, AR 22
TR 532 W e P T A6 e T A ) 8 P 1 2 0% P A
=L e 1 g B Sy ThE A v e
PR v R P R S, S R
PESZ B 04, 95 9111 (35 )30 i A AR LK

A2 1020 5 A it T B SE MRS 7 2 oA 24 I - ek
T TG P 28 B0 Ay 5 5 1 1 o 4 S AR K36 i
B2 A 22 Ah 3 0 - 2 Wl TR G U A b D) 2 B
AR S AR SRR W VX AR 2
M 7 oK DR, it A A 245 55 O DR IR 4 S g 1 g 0 14
LRI A K22 R AR 5 A S PR 75 AT Ak T 20
Hh - 98 R P A TR T i 2 i, A R, E BE AE MR 2
AJG 24 h N(ES 0 KIRE), 35 58 WA [ 551 e Ak 34 24 ]
MRS PERE RPN T W 225

3t A A RE A AU 1k I A SO AR A
(8 HLA il 2 A 1 TRk, 2 R B g
Fig 2B b A AECYRIFGY T U H I R B A 4
it S AL SR TG P R S, 2 B 0~ 10 em £ 25
A SR I 1 S B ST B0 TR S OIS 04 T R B
BRI 60 d IR N, £ e Xt £ e ad
SEL Ak U I PR S A /N A A T A Ak S TR
XS 2R e RN, AR 5 22 B2 B AT A+
B 7R B EE RT3~ 10 d)Ab 4 i 3 8 Ak U
PRBCRIRZS , TP 1 (20~ 30 d) /5 7 20 1t 3 1 L 3
WO PR (60 d)H A & Ab FEZH (<12.5 mg-
kg™ )R PR U 20 . DA AR R AN R AR 24
7] 25 188 ) i % - 298 e A Ak Ul 1Y) T S T 2
BK,

AWFGE K TR AE R A 35, CO, B it 1
T, MR WA R 5 B A B R ] 9 A
1, T HERUE R E VR 45 he & A AR AR 6] SR 30 1%
WE I, WA A B A R, R 25 AT LIRSk 3
T ) A B U R DR, BRI R 2 A 24 B 4T
PRI RS RRER & ARk T LU SR AE
T IERIEVE FICY B9 R AR T R TR ST A AR
R R R A2 T R R R A R, A
KL b A B AR 25 % 4 B A AL O R A R AR
FHET - 52K A 2 AN TR], 2% A7) 24t T G +
gemite 2 RICHMEEN, T2 1L EFR R T 50
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