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Toxic Effects of Acetochlor, Methamidophos and Their Combinations on Soil Fungi
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Abstract: Pesticide application has negative effects on the diversity and population structure of non—target soil microbes. Many studies have
been made on the effects of pesticides on soil bacteria, but less on soil fungi. With the farmland black soil at Hailun Ecological Experimental
Station under Chinese Academy of Sciences in Heilongjiang Province of Northeast China as test object, a laboratory incubation test was con—
ducted to investigate the effects of acetochlor and methamidophos, the commonly used pesticides in North China, on the diversity and popula—
tion structure of soil fungi. 16 treatments were installed, i.e., 3 concentrations (50, 150 and 250 mg-kg™) of acetochlor, 3 concentrations (50,
150 and 250 mg-kg™) of methamidophos, 9 combinations of each concentration of acetochlor and methamidophos, and CK, and soil samples
were taken at a 7 day— interval during the incubation for PCR-DGGE analysis. The results showed that acetochlor increased the diversity of
soil fungi, and its effects on the fungal diversity and population structure were most obvious in the 1* week of incubation but less remarkable
after 8 weeks. Methamidophos decreased the diversity and altered the population structure, but the effects were weakened with time, and a
partial recovery of the diversity and population structure was observed after 8 weeks. As for the combinations of acetochlor and methami-

dophos, most of them decreased the fungal diversity in the early period of incubation but increased it by the end of the incubation. The effects
also differed with the concentrations of the two pesticides in the combinations. In the 1% week of incubation, medium and high concentration
methamidophos in their combinations with acetochlor played dominant role; while in the 8" week, acetochlor in its combinations with low and
medium concentration methamidophos was the leading factor. After 8 weeks incubation, the population structure of soil fungi under the effects
of the combinations of acetochlor and methamidophos was still not restored to the level of CK. Compared with applying acetochlor or
methamidophos alone, the combined application of the two pesticides had stronger ecological effects on soil fungi, and the action mechanisms
were more complicated.

Keywords: DGGE; soil fungi; combined contamination; acetochlor; methamidophos

rFE B H5.2007-11-15
ELWA : FFIERIFFTIH (2004CB418503 ) ; ik FHA F A= A58 B i+ 2534 (C17DC06SBS31001 )
1’E$f A2 (1976—), 4,4, E-mail : Ixygirl2002@yahoo.com.cn

BIFAEE FKE L E-mail: hwzhang@iae.ac.cn



55 27 45 5 ) & e F OB OB ¥ ¥ i 1843
RERREA R AR EE LMy W LR WP SC g0 A BBEXT I 2 Rl 3 4

TP R AR AR VR P BRI £ R R R
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WKL S HIER G P IR A5 0. MR
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ZHD A B Y T B A R
i T e, e L b R 1 AR 3
SR 5 B A R ™, DR I A 24 %) 98 TR A M
SR 2R,

BEE 705 A W02 0 R T R LIS TR 1
EGRGIRITIESN, Y2 T InER N W H 45)
12, 0 PR BE 56 B F UK (denaturing gel gradient
electrophoresis, DGGE )™, A< i R il 14 b Wi i 2 2854
(terminal restriction fragment length polymorphism, T -
RFLP)!, 5 [ SC % ( Clone library )™, 534451 (Microar—
ray )25 A T DGGE J7 154815 i fa {14 % 5 1
R, FERT T B R A AR A B R A5 Ak B
N2 AW H RS DGGE IRk kit &
e fHg | VP B B LA A5 0 L SRR P R IR ) S 0
XA A SR AT I A

1 #REFE

1.1 #rFnsbE

AR XTI 7 1 R A T b R B 2R e VL
A A S S Euh ([T 47°27'N, 126°55'E) -7k 5
BOCgHh, ZREHR BN - R - K AR T U
1, 20 8 AR B ARt AR e 24, ARSI ol L
PR ARXT I 5 3 % bR pH 6.58 , A HL
T 3.78% , 4, 0.26% , AW 0.061% , 448 2.60%., +
SRS DAAE s A ORFECRAE . 28I IR 10 Ab 3R )2
0~20 cm F3ERE AL 10 kg, R0 RS M HTE T 4
CARTE o FTTE = 5 ORI T harness, 90% 3L , 55 [
e LR 2 T ) B il £, e Y (225 mg-m L ) A5 R,
509 H et FLim CE b sk T A 25T ) B il FH e i
(200 mg-mL™") /KW o HoA Ak 27120 340 8 20 A 4l
o Wt 2 mm G 438 16 17, A6y 900 g, it AA

Wl (50,150,250 mg-ke™), H R 3 44k (50,
150,250 mg-kg™), HH 9 MKIEA AL 16 b
(£ D), BAIEE 3ANEL BRAMEA I, w50
TRAYE CE 30 min fff 2 R0 b FE R, inok 4+
B Kk 3 B ) 5 K KR 60%, il AR 37 4
o A B R B, I BE A B TR
FeTh 25 CEERE SR, TER SR B AN AT A 35 57
Y AR AFRE L AR FE K 43 o BERR 7 d BT IR
RN 3ANERESH 20 ¢ +, 7804, 60 ¢ 1,
YE R B RE BRI RAE £, PRAAET-20 °C,
R 1 KIAEIIR

Table 1 Experimental treatments list

4 No. US| AL PR JEE /mg - kg soil
1 CK L FHRE=0 F =0
2 LR 2 =50
3 2 Hiffie=150
4 LHEE=250
5 PP el PR 7 H Blett=50
6 Rl =150
7 H efl=250
8 RSy bR 25 E=50 =50
9 HH iei=150
10 H e =250
11 =150 H ieti=50
12 H =150
13 =250
14 B f#=250 R e iE=50
15 =150
16 H e =250

1.2 KA E
1.2.1 +3E5 DNA $2H

- 5L DNA S BCR FH JR 4 rh I 5 s, g A &
Mo FH 1 g Hm 1 mL Z4#% (100 mmol - L™ Tris—HCI
[pH 8.0],100 mmol - L™ EDTA [pH 8.0],100 mmol - L™
BERRER 22 v [pH 8.0], 1.5 mol - L NaCl, 1% CTAB,
100 wL 20% SDS) , WijiE 10s, £ 65 C/KIBIRE 30
min, B 15 min BUEES) 1K, BiJ5 7E-20 °C .65 C
PRl 3 U AE A 5 53 2R . BN 65 C KRR E 1h
J& ,#E 6 000xg Z5.0> 10 min, B, SR B A5/
SR A ,8 000 remin™ B0 10 min, U FBKAH ,
0.6 fE7KARER R R NEIR G, SIRIUE2h, H
16 000xg 50> 20 min 153 DNA {03, ] 70%¢4 2,15
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PR 1K, fie )5 BT 50 mL TE 75 F) KL 2
DNA, 2 DNA J4lifkia{5) & (wizard cleanup prep,
promega) 4lifb )5 B #547 PCR 784 . AR GC
(CGCCCGCLGLGLGLGGLGGGLGGGGLGGGG6)+UT
(5'-GTGAAATTGTTGAAAGGGAA -3 )Fll U2 (57—
ACTCCTTGGTCCGTGTT=3") 5|44 EL i 28S DNA
Y 260 bp A B, i F§ Thermo Hybaid PCR express
I, PCR SORLZAF R - A 94 CHUENE 3 min J5 i
7 94 CAEPE 1 min, 50 °CiE 2k 40,72 “CZEfH 1 min
1) 35 MEH, feJm 72 CLEfH 10 min,

1.2.2 DGGE &A%

DGGE 3k H] D-Code system (Bio—Rad Laboratories
Inc., Hercules, CA, USA), 8% 3R N IR B BE L , 28 1A
JEh 30%~70% (100% 7 PEAR 4 T 7 mol - L™ JRZ A
40% % B 1 HIERE ), PCR 7= W) inf & 40 pL, 7E 60
C,1xTAE,200 V Z5F N HLUK 5 h, LUK AT el
(1) Bassam R YL Ik AT YL 8, e A )1 R T 485 kAT
34730 (Bio—Rad , USA ) I35 (R A7.

1.2.3 BBl ab B

TiS E% H] Bio—Rad Quantity one 4.2.3 #{FiE 47
AbHR, AR 5T R T O A AR £ A 1 48 B SDI=
SplogPi, Hor Pi J2ALaBE T E @ 200 Y5 BEAZUkE h
JIFA Sty B ESERE o A S LY SR BAL HE 5550k R Y
225, FN TR A5 AL PR AR VEFR SR LAXT IR, B
PEFR RO X BRI HE AE, 45251 iy DGGE & J
GrR I a FPE b, B 3 X, 2351 R+ 2
FEE 3 A PR A3, Xk R+ H e 3 S B A
TR+ A 9 ANAbHL, 55 X] A LR 25 A B3 51 B DA
25 FROT R DATH BR 25 AU FE [R]— 5K ] R b i 1
()22 5 o [m) )R 45 Ak BRGEAFRE O 0.1 JE RS, A
PHYLIP3.0 BRA%5 7 A7 b 30 - S M Al HE A T SR 43T

2 R

21 ZER BARBERESANTIEERSHFIENS
i

Bl LA R E 2w | FR ety B L2 A b P A
SR S PCR-DGGE MUK B3, dE i i3 2
FEECTLIE (3% 2) 4655 1 ], 3 Pk JE & B e ab 3
T B TR AR RS = T R DR Rk £
(50 F1 150 mg-kg™ )L R 3 . 55 8 Jalm), #5403 1
S ZRE VAR B T R SRl S F 4 55

TE LA iR R R R ) £ R L vk
JEE BRI FH 58

A50 A150  A250

A50 A250 A50 A250

CK M150 M150 M250 M150

AS0 A150  A250
AS50 A250 A50 A250  CK MI50 M150 M250 M150
CK A150 CK AI50 Marker M50 M250 M150 M50 M250

[#l 1b

CK HXF I8 AS0 A150 ,A250 75k 50,150 Fil 250 mg-kg™ Z b B,
M50 .M150 F1 M250 %75 50,150 A1 250 mg-kg™ FF AL HE

CK: the control; A50, A150, A250 stand for soil contaminated by acetochlor
of 50, 150, 250 mg -kg ', respectively; M50, M150, M250 stand for soil
contaminated by methamidophos of 50, 150, 250 mg-kg™, respectively.

Bl ZER. FEBREESAAETELERES | &
(B 1a)F05 8 F (& 1b)H) PCR-DGGE ik Bl
Figure 1 PCR-DGGE of soil fungi in black soil under the stress
of acetochlor, methamidophos and their combinations at 1*

week (Figure 1a) and 8" week (Figure 1b)

Yo HR P B DR - A 3 4R S et R A I TR
ZREPEIRET LI (36 2), 5 S F R} 4 458 B A
FERPEHEVE PN, Y el b 2 - 398 1% EL TR A M4
BOLESS 1 AR R 18 RBUIMHIE R . B
ALFRE R HEC 25 H el b P+ 38 B0 AR MR B0
e 205 8 JRIN , BTG B AL ST IR T %) e
AR A I PR A 20X BRI AR BE Y L
o VAR AT A P i

T R S W e G R E(ER 2), 45 R 3R0
4T AS0+M250 (% FE 1Y 1.0 /%) . A150+M50 (% FE 1Y
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1.03) . A150+M250( X} BE 1) 1.08 )3 4~ 4b B EE X BRI =5 22 ZEE BEBEESESNMN T IEERMELEHN
A1, HoAth Ab BRERAG T X R, 1M HLX 3 N Ah 2 A AR A A

HEVEF AR AR /N 2 o e B A 3, S B P
BErEH AR HIER . 76 7 A 2 HIE R A 0
i, B A150+M50,A150+M150 . A250+M 150, A250+
M250 4 > 4b 3 iy 0 ) 7R B AP T FR e gt Bk &k 2
A, FAtb A BEER T HH Bl B A B 30 150 AR v
O 55 Wl A2 A s o LR AR MR e VR L R
1 F R AR PSR e AR HEAE L, T A
SRRBUAIIRIVER . (HAE LR erp vk S T e
B 43X 4 AN AbFE A150+M50 . A150+M 150, A250+
M150., A250+M250 1, 2, F e R30I il AE H L (15
SV ZREEFR SR AR Y ek sl b B BE 8 )
B, &8 AFEE T AS0+MS50 F1 AS0+M150 [ HL
ZREMEFR BT X IRAL oAb A B 25 % B T
HAE 7T e A 5 A1 ZREE SR B0 &
AT el 45 F st b 38, ERRAE R W T2
LN R e I R A 0 T BB R SR
ST PR AC 2 B AL B, AR, 7 £ i
MR A BT, ORI 30 PR F R A AT
HH et B IE A IS IR B L & 7 A T A
[ 4 A 2S00

W R AT AT LUE H (B 2a) , 4 F £ R L
DA B, 55 1 B A R 8 4 AR A AR, Sk R 2R
R332 AR 1 SRR HA 3 A~ 2 FE e g 3 B
KA 3 RS 8 JAE  FhERLS R T AL, ot B
3AREIARER R 1 M4SN . X5 H A Z AR AR
e —FE, [FIRE R AESE 1 Rk, 5 8 A
IR, el i B % R el B PR 7 Ah B (5] 2b),
AR AR AR #2501 X iR L5 A 5 il i
KB 8 JEI FIRESS A BTk, 5 X BN [ —
s Al

X T CFEE 5 W e 2 G AL SRR AP S5 R R U
T E WA EAE R S RS 1 AR et i &
o FEES 1 JERT (I 2¢), B BERHIRIRE S 3 MRS
TR AT B A AR, o AS0+M50 X
FLDAFE Y SE AN [A] 5 A A 5 Ab 3, Bt b T 1 A
433, T M50 5 HABH A 1 52 A AR BRI , PSS
FARHZEAR A o 2 Pk B R el 5 © wilte 3 MR IR A
BFEAT TR FIRELS A RCARL, R AE 1 53 o T
e Tl v A FEE B RS L (M2504+A50, M250+A 150 ) il
[FI AR HEVE R A A1504M50 ZbIRERAE T, iX

R2 ZEER.FESBRESSAETENEESHEEN

Table 2 The shannon diversity indices of fungal communities in black soil under the stress of acetochlor,

methamidophos and their combinations.

#7d %556 d
A HEHR 4 /mg - kg soil
LR AL ALTR/ %t ZFEEFREL LB B/ AT R

CK-1 3.03 — 293 —

2 Hi=50 3.40 1.12 3.14 1.07

2 Hilk=150 3.41 1.12 3.02 1.03

2 Hifi=250 3.28 1.08 3.02 1.03

CK-2 3.20 — 293 —

=50 2.99 0.93 2.86 0.97

P Jie=150 3.03 0.94 2.98 1.01
=250 3.08 0.96 2.98 1.01

CK-3 3.13 — 2.63 —

L E =50 HH Jei=50 3.04 0.97 2.56 0.97
P it =150 2.83 0.90 2.56 0.97

P it =250 3.16 1.00 2.99 1.13

2 Hifi=150 =50 3.24 1.03 2.88 1.09
 Jietl=150 2.30 0.73 2.82 1.07

FF et =250 3.39 1.08 2.70 1.02

LK E=250 et =50 3.03 0.96 2.88 1.09
P it =150 2.56 0.81 2.99 1.13
I it =250 2.77 0.88 2.70 1.02
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7-CK

7-50 mg-kg™ & R (1.12)
———————— 7-150 mg-kg™" ZEif (1.12)

7-250 mg-kg™ ZHiJ% (1.08)

56-CK

56-50 mg-kg™! Z Kl (1.07)
56-150 mg-kg™ Z.HiE(1.03)
56-250 mg-kg ™! £ Hilfi(1.03)
& 2a

LM ERE=50/50 (0.97)
CK

B /T e =250/250 (0.88)
ZH G E#=250/50 (0.96)

LI % =50/150 (0.90)
LR e =
150/150 (0.73)
& e =
250/150 (0.81)
I e =150/250 (1.08 )

I: R e =50/250 (1.00)
e RE=150/50 (1.03)

& 2¢

]

0.1

7-CK

7-250 mg kg™ ZH K (0.96)
—————— 7-50 mg-kg™ Z B¢ (0.93)
L 7-150 mg-kg™ 2B (0.942)

56-CK

56-50 mg-kg™ ZHEWE (0.97)

56-150 mg-kg™ ZHJHg(1.01)

0.1 L 56-250 mg-ke Z BE(1.01)
& 2b

CK
T LB W HE#E=50/50 (0.97)
LEE HEE=50/150 (0.97)
R WEE=50/250 (1.13)
-

B/ e =250/250 (1.02)
L E=250/50 (1.09)

ST He=150/250 (1.02)
i SR HE=250/150 (1.13)
LB HEE=150/50 (1.09)
SR HE=150/150 (1.07)

0.1 [l 2d

TEP 2a 1 2b 7 Fil 56 F7s RAEMT[A] , 440 H1U 1155 A AR TR 26 b B2 REPEA R RS X0 BRI AR

7 and 56 represent the sampling time in Fig.2a and Fig.2b, and the numbers in brackets are the ratio of diversity indices between the control and treatments.

B2 ZERR(E 2a), FREEE(E 2b) RESGAET(E 1 B-E 2c 705 8 A-E 2d) R+ W aEFH AR U 45 REE

Figure 2 Similarity matrix of community composition of soil fungi in black soil under the stress of acetochlor (Figure 2a),

methomidophos (Figure 2b) and their combinations at 1% week (Figure 2c ) and 8" week (Figure 2d)
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A A250+4M50  A250+M 150 #AFHIEAE T 1 N
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AR EREH, 5 CFERPAE G M250+
A50 FI M250+A250 RAET 1 DWW ZN . RALER
W 555 1 Ji—FF Il AL Y b 15373 SR 7
TR 32 5L A AR AL B E AT T Fh 25 R

B AEE AR5 0 B A B AR OR YRR R . £ Fi
X AR B S 5 e 5 HC S R AR PR A S M — 2K
(4, 78 £ i B IR - AR PR 5 8 SRR L R
SEMEATEOR i T P el B A 7o LT AR PR RS20, 5L
W) 2 G 08 bR AR5 LU PR IR 0/ IS ) B

3 e

AT >R W22 05 TR BR 9T £ i sl e e
Xf IRV B AR AR D o SKEESCEEORTSE T
L5 P M AR 20, i g DGGE
A Z2 RV R T 5 2 ] 2 A P e S 0
240 BRI AR S R REAR A 2%, DA L2 B O AN TR A
I7] o HXF T 2R, HR B AR RT3
Ko S R SR RZERIR R e SR AL
RO AT A R LRy E AT XEA
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WAL o Seghers 251 fFF5E B 557K 59 7 FH ok
T IR A ARG A DI REY S, iR DGGE 7
e, FET S 20 4F atrazine £ metolachlor %
A PRS2 e IR P X P b A 24 2%
O SRR T IR 2 A o OGN oI
T3 75 5% AN e M ) e oK WLARGE

TR AR, H RN S 8 R
TR AE YA T T 22 EARA R . H
HIVFZ 00 T E M A 252075 DGGE, T-RFLP K&
SRR A AN P H 25012 AR R FAE
TR AR AR Z , AR EIRA R, OCT HE 1
DGGE 5 ARt 45/ o AR Sl g ] B 336 5 [ 924
BT 28S DNA B fY—Bt 260 bp HYF B, K JER/NIE
54T DGGE, [Al i 47 8 A5 RAB AR FRAR , 316 5 AT
HZFEER 3T

W5 W N ] ARME A 7 b B X AR 24 £
T Rl R 2 T - S R R 1) i 2 0 7 B i (] e
ENE G A R F RO 7R A TG A
TG 3SR AR 2, R ik e A XU

4 Z5ig

(1) g B PR 74 I, 3 b 3 J3E 2 0 Jg
BT R 2R, RO T B A
ghy, HAREE 1 R AR SEVE R RS 44 1 el AR R T4
8 JH.

(2) TP Jrig i B IR 1A I, 3 b e 88 Y i ke A
B FEp1 - R 2 B E A T RIVE ], HLMR
A%, A A FABRSAR o Bifi 2 55 SR B () A RS, % BT
ZREPERSS R M e AL B 8 A5 AT R AR A

(3) M R 5 H e R G0, LR £
BEPEFIRR R 2546 A A5 £k DR T b A 2459k B 4 A AS T
AR FEXE TR 2500 B AL BN T TR 2
FEME AR I 2RI (R LD 2 . XA
SR SEIATESS 1 R, v B R e S £ R
B A LA e 2 51, 4 8 TRl R S AIK
i e A A B 3 SR B A AL B L BA R
T A=A 2 AT U i 44
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