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The impact of earthworm ( Eisenia fetida ) on the microbial community in an acetochlor contaminated soil
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Abstract: In order to investigate the effects of the earthworm ( Eisenia fetida) on the microbial community in acetochlor—polluted soil, soil
enzyme activity measurement, traditional plate count, and high—throughput sequencing methods were conducted in the present study. Three

groups were set up: natural soil (S), soil with acetochlor(SA ), and soil with acetochlor and earthworm (SAE). The results showed that 5 mg+

Wim B H#:2018-04-17  FRABEHI:2018-05-24

FEE B I (1992—) , 2, INPEA P B F5e A, 2N AT HLIS YA MBS 58 . E-mail: Haoyueqi89@163.com

HEIS1EE XME  E-mail: zhaolixia@caas.cn

BEETIE : [E 5 EmHT AT (2016 YFD0800201) 5 23 2 PEAT Ml (Rl ) BHIT & 1T (201503107-7) 5 [ 5 11 AR AL G I A (41601342) 5 1 e 220
g VERHIF B T 2 A RHBI Il 55 9% 2 5 CRO AR AR PR GG CRARHBIF MR I BT ) 5 T AR 48 i 5244 A SRR WF 90 H 5 H (2014KZDXMO18)

Project supported : The National Key R&D Program of China (2016YFD0800201) ; The Special Fund for Agro—Scientific Research in the Public Interest
(201503107-7) ; The National Natural Science Foundation of China (41601342) ; Central Public—interest Scientific Institution Basal Research
Fund;The Key Research Program of Natural Science for the Higher Education Institutions of Guangdong Province (2014KZDXM018)



6P % 5 T T IR 258 s e S TR B 2457

kg™ of acetochlor (recommended field dosage) decreased catalase, dehydrogenase, and invertase activities; and increased urease and alka-

line phosphatase activities. The earthworm restored the catalase, dehydrogenase, and invertase activities by 4%, 14%, and 53%, respective-
ly on the 14" day of incubation, which was the most obvious period of the earthworm’s effect. The stimulation of the earthworm of bacterial
population was transient (the third day of incubation), while its effect on fungi population was long—term (the whole thirty days of incuba-
tion). The earthworm repaired the damage to bacterial and fungal populations caused by acetochlor. On day 3 and 14, the bacterial and fun-
gal populations were promoted 35% and 39%, respectively, by the earthworm in the SAE group. The data on soil enzyme activities and mi-
croorganism population indicated that the earthworm can repair the ecological damage caused by acetochlor. The soil in the earthworm—con-
taining group (SAE) was characterized as having more neutral pH and higher dissolvable organic carbon content, which provided a more
suitable environment for microorganisms. At the phylum level, Proteobacteria, Actinobacteria, and Chytridiomycota were the main phyla in-
hibited by acetochlor, while Acidobacteria and Zygomycota were stimulated by acetochlor. The earthworm changed the microbial community
composition in acetochlor—contaminated soil, making it more similar to that of unspiked soil. The results further illustrate the microbial re-

covery effect of the earthworm on acetochlor—contaminated soil. At the genus level, a few species like Sphingomonas, Fusarium, Gaertnerio-

myces, and Pyrenula, promoted by acetochlor, could be the microorganisms involved in acetochlor degradation.

Keywords: soil; acetochlor; earthworm; microbial community

CHE S R A A R = R BR R 22—, &
— PP 2 AT AL B, N T K R E AR
ARV A BR A, — B LR SRR R & —Fh
KRR R BT Z ] A O RN, SRR £
S W R S TS A B A R T EL el T
LG A, e X 1 SRR WIS 7 AR AN AT
FRSZAE i S| 2 b SR AR R e R B LB MESH Y
BOE N LA S ARG AR, Mir 5] A iR A
SR MR AAT N RE RS A S IR AL L BT, R
Pt R (9 A R PR, e IR W T A AN R ) B s 5
e 451 TE TR D B HE A 3, W] A -3 vh
POARTRT e 200 TR R £ 248 SR I A 1 PO B8, A 33T
IIFALIE DL M| Y X S Sl R T R
PRI R AN, HFE A B 5| RE A i AL A
AL TR B e 4 22 M AL TS Je i A
W Sige . ELX LRI RS A SR TE TS e i i i A
X e W51 O 3o e v RS S Rl A W I B R e AR
VEFI M RIRAIRTT

SRR R AR S RGP B A R Y
e - SR P O A F S IR S PP e B T A 2 4
— HRPAE T BRI . AR 58 I oA P B AR 1
ILRERE XS F SR 118 19%~5% (1 7] 55 - AR W adk 1 T
S, HA W A4 R BRAEN s 56 A W gt 1% 22 e 955
T 535 L W) 25 B R WU R 808 MR 0 5 DR 471 % Al 5 7
WA T RE AT, R R e A —
AR Py B g SRR, DI RE A5 4 v | v 1t S Ik
T HERUE MR ETE S5 AL XS R DR R B SRR
e AR AL T DL LI FE AP )2z e B

BB CRE NS S P AR M A R L R
X (Rl A e ) SRR R RO I B B, W T B
BONAEGE , TN S BT L A PRI ) 5 v b
B g o A SEIR A ] A SRl e ok AL SR Y B R
VAR e I P 12 55 2 i T B, A M5 X £ e i
e 1 IETERUE VRO TG TR 25 R AR W) Rl 4
IR T3 T 4 B MR, I8 1R LR A0 PR
JRVRIME B %68 - 358 o ) 02 52 4 4RI — i Y B ie 2
EARAE

1 MBR5TE

1.1 SR

S - HER A R E PG AR A 1 2R 2 1 (0~
20 cm) . Hrff FAEEE N ARKT, RS E K
A, 2 2 mm 0 45 FH o A6 3 LA BRAL 1 5 < pHL(H
H8I2 AW E R N23.97 g-kg BRI N 14 g
kg™ A 0.94 mg-kg . AWITTIE 2k A
W)k 95 B Wk W5l (Eisenia fetida) , W F 55 37 B il 5] 57
FEAT BR S F) (R R ) o SEB0 M s] Pe B 0.3 ¢ £ 47
AT I 1 A AR 12 5] S50 i e SR - S e gl
ARG, BCHR FH JC B 7K 8 T T e A e i 8 4%
(R Bedh 76 RIS B R A P 25 CCREFR 24 h, (HHAHEH
RPN ZEfE
1.2 Rt

ARSI E F AR L (S) RN 2 R (SA) il
3N 20 B e b 5 (SAE) 3 4N &b B A b 3 3 4
R, B200 gt 1985 F 250 mL BEIEHEAR 1, SA
I SAE 4b 2 + 1 rp 2 B W E N S mg - kg™ (HH



2458

VRIEIN ity F37TE5 114

[F1] i 22 4 00 4t ), SAE Ak B 4w i 5] 535 13 R 5 4%/
100 g T3, Ty Ab 34N Z A 22 LB DR,
e 5] e (AL B PRI I 7 1k k3R o I IR TE LR
FERNBEAT AR5 E 25 CRRRE S1F R, S2 86 10 18] 43 bR
7 dIN— UK T 25 K DL 3 5 KR 23% (m/
m) NS G FRFFLE30d. TE90.3.7.14.23 dF130d
PEAT HIEEBORE , L REE T -20 CFRAE, MAE L aErp
LR FE K i A= e, G445 0. 14 d 130 d -
FESEAT - HEREI 2 o S35 30 d 1 AET-80 C
FAF T ARAF T L DNA SR B IT
1.3 HIEEE N E

- S AR B A 1l R LA 9 vk ) A T I e,

(1) A 32k S Ak S0t R FH o o R 0 0 s - B AR
Jer B FH o ol R s Y o e v il AL R I, R SR
k3 A AU TG 1 o K 2 g HHERE SO A = A
HRL A 40 mLZEIE 7K A S mLL 0.3% Y HLO. 75, % =
L SR . 3% 20 min 50 1 mL {6 F1 45 2
B, A A 5 mL 1.5 mol - L B FR AY = £ b b U
UET e, W BUIE W 25 mL, FH 0.02 mol - L™ 75 4 2 B0 i
TE B [ HSOE X RE

(2) - 458 5t Ul R FH Ak — 2R L DU A (TTC) L
I TTCAE N 32 Sk, T TTC 52 25 28 i
ZLAA TR (= 2RI F B ) AR W% (B 1T 55 TPF 1)
Az s, SR AU B TS . K 0.1 o B fE AR
JIA 10 mL &0, A 0.5 mL 1% B9 TTC % 7
IVRA] L BT 37 CHEIRE A TR 6 h, I
FELE R 5 ST BIVKIE 5 min, MILA 0.5 mL B, J2 2 4R ¥
Bk, 37 CHAR 10 min 5 #5417 250 (10 000 1+ min™,
10 min, 4 °C) , B F- 75 R7E 485 nm il 5E WG RE(A

(3) t SR SR ) 3, 5 G HE KA R L (0
TR NH Tl 8 A POr A P 38 SRR 5 3, 5- il S KA R
JOE T A B R 0 F 3 - e — 5l LK M R , S 4 W O
(B3 3- 2 -5 M FEAKAG R 1) A= UL, 5K H RE M TG
FITEPE . B 0.1 g HIEFESL A 10 mL 2.0, ) H
FOMALS pL R PR35 TR 50l E AR E , 37 <C
KA 15 min, FEEHAIA 0.25 mLL 8% ) HERH 2
F10.75 mL#ERRZE Ml . IRAIIAIJE TN 37 CHE
B AR AR 24 ho BEFR S E HEAT B0 (10 000 1+
min”', 10 min, 4 °C). B 02 mL F# %, A 0.5 mL
DNSIRX ], 7851 2) 95 C/KIE 5 min, SR 5 H A KK
WHIBE . TEAMYEEEETT BT 508 nm AbiEf T H £

(4) 3 DR ity R FH e i L0 €075 - AR 0.25 ¢ - 4F

F 10 mL OB, 125 nL I RGIRA, i+
FEATRIENE , 28 IR CE 15 min, J1625 wL 10% R ZE 6
TN 1250 L pH 6.7 A7 FR £ 2% vh s W $2 51 )5
7637 CHHIRR M PR 5% 24 b REFRGERR T
L>(10 000 r+min™, 10 min, 25 °C) , B I . HLO.1
mL _E BN 0.9 mL 2848 K Fi B 1065 o 1) s B
HRHIA 200 WL 2R AR W 150 L U0 R BNV I
WINE RGP AW RS . eI AT, S IR ICE 20
min, 1 hNF4EEEE T 578 nm ZbE 7 HE (.

(5) - S8 0 P Wl 7 2 AR 0 A AIE A= B A ML
P B A A TR TS 1 < PRI 0.1 ¢ HAE T 10 mL B0
B, A 50 wL R B2 92 15 min 5, A 400 pL
0.5% 11 B R 45 2% v, 48 51 5 TN 37 CHE R 5 5546
RS 24 ho BEFRES RS 1 mL 0.3% AR RS 1
W, R 5] DA R B AL S o 250 (8000 remin™', 10
min, 25 °C) IR T4 06 EE T 660 nm Ak L fa, .
1.4 TIEMEMBENE

- 458 r 200 R R B TR A R I SR R ARG R
ARSI AR

(1) - 7% BRI & - BRI 6 FF 10 ¢ T35
90 mL K & /K Y HETE L AR I ZE 3% I 7 4k 5
min, K15 HHER 107 F R . FH KRR I B 10 mL
R B E 90 mL K K AT I P, PR35 3 5)
PAF 107 M B . PR L - 5819 107,107,107,
10°. 107 F 10/ IR BRI . iR e B T AR
& BIET RAIETC R A

(2)FARIRAT <K 35 77 e Ak 2K 5 i il BTl 4
VR PR AR B B MRS 5 08, BRI gr 5 T
REgRdt, ATEEE 107, 107 F1 107 A9 1S90 e ik, L
PAERL 107 107 F1 107 A9 IR B . B 453 o
A 0.1 mL ) TR B, I B &5 R A #4950
AR EINEL .

(3) K555 - A TR -t 5] B 45 5% F 37 CRE R,
FLRH VR B B R T 28 CREFRA P . B3Rt E]
48 h,

(4) 155 e LR 7% £t o 30~300 AP Mtk it
o UEWECR (CFUs/g) =MXDIW , M 37 - A H 7
KA, D R T B 5, W R A FIE T+
J
1.5 TEMEYEESBEENW

(1)DNA $2HC: 423 1 58 DNA 2B ] 3R
DNA #2 B 57 & . PowerSoil DNA extraction kit (Mo
Bio Laboratories, USA) , £ B J7 ¥ 3% B8 108 BH 15 #0047



6P % 5 T T IR 258 s e S TR B 2459

DNA 3285 {4 F§ Thermo Nano Drop 2000 R EAE
S AGIASCI 7 FF  DNA (¥ B A 25 DNA (I 2ERE

()P 44 . xFalifb )5 ) DNA BE Sy b4 747 18, i e
51424 16S rRNA 3£ V4 [X (1) 515F Al 806R , F. 14 5|
Yy ITS1F FIITS4,

(3)4li Ak - PCR ™34 7 1 ] DNA 20 1k 357 &
Micro Elute DNA Clean—Up Kit(Omega Bio—Tek ) #f 17
4t , Al Bk IR U] B AT

(4) 43 #r : 24K J5 DNA B9 7 5 238t i KA AR
FARA TS
1.6 TIEBUERNE

-3 pH ] pH T EAT I E™, BT 122 9 BRI 2 o
TN 3T 50 mL BLLA LA 10 mLB 2K, R4S
957 )5 #4785 0 (15 min, 4000 v-min™) | B35 Wi
e o S HLER 5 T CN Z3 B Ak 47 0 g
(Vario Max CN, Elementar, Hanau, Gelrmany)m]O 1 1
AT A BB RN AT ¥ Pk TC AL fi ] TOC 43 BT A4 7
Il %2 (Analytik jena multi N/C 3100, Germany )™,

1.7 #iiE4bIE

G143 d FH SPSS(Version 22.0) #EA7ACFR fd
FH B ) J5 22 3 BT 2R A7 45 b B 0] 1) 25 5l 2 P b A
23 Ge 1t 3 B U 18 OriginPro 9.0 /Rl . 1- 3
WA o ZFEPE T QUME #5341 . PCoA (princi-
pal co—ordinates analysis ) 737 F| FH R #0458 B

2 #ER5iTiR

2.1 HIEBmTHSW

TS T Erh R A Y TR BEAS Sk
ol 38 A W A 2 3 R A R X R R R - S A
T . KRB FRE I B R A 38 v FORR G 9 06 M A
30 d 3G SR AR AR IR EEAR /N (T 1) o #E SA Ab B
o AL S A TS PETESE 14 R 30 d B EH R T R
(P<0.05) , %5 30 d B 4= 38 o0 S0 Ak S0 19 0 1 DA 59.4
pwmol - d™"+ o Yl /D F T 54.6 pmol -d ™'+ g, SAE 4 PR
b A U T T TR AR S BT R B (H T R R AR
XIS (1A ) o - i Ui ) 3 4k 5 2o A A i 2t
1, Z B i I A A5 14 d BF SA &b B3 rb s S0l 1
PE B 2 N R (P<0.05) , {H 5 30 d BT SA &b B i &
BT I LR A B AR L S| ) T A RE TE — i R
JFE b A T UM S R Y 4, FE S 14 d A1 30 d B,
SAE Kb P v J58 S0 I i) 37 1 43 T B 8 T 149% 7% (1A
1B) . 383 S0 fh St A 06 S I 170 0 1 S e T - 3
AR A T e R 1 1 BR AR B, TR G B A i s - 48

TR A W P R R BRI 2 J X 33k 1O A £ 41 i 4
FHULH B HIERUE A —E MR HIEH &%
B P06 P I FRAR o i W13 ) - 3 AR B Y
A0 1 A A 0 Bl A 4 A A 19 [) e o 4 S ) 7
PEA R UEVE R, M6 A BT (4 ) 0 B T 5
BIRY TG BUEY . BRI A R R R]
DAY ] - 398 v AR i ) 35 1, SA A FHR AR 14 d R 30
d i} 4 e b RERE A A TS ME N 77 pg-d g RRER] T
48~52 g+ d™ e g YRRl o ] R AR T A4 35 1
BALHEAE I (P<0.05) , 45 14 d #1130 d i}, SAE H e A
it ) 3 4 AR R T 149% F153% (K 1C) . A7 &k
Wl A 2R 2 5] L) Sl AE P SR AR R e A L £, 5 1
AT HILJTR 1) I i R 2 A AT 2% DTE 217, e | X6 A AL
) 1 R SR8 T 5 e SR B AT A AH S5 1) THE MR I 1 5 1 o
5 Bk SRS R, BRI 20 3 ik
it B4 35 A EAE L SA AR BR R EE 14 d RIER 30 d Y
JOR B8 5 2 0 S B v T 849% A1 210% (I 1D) o 45 Ak B
P A T 1 0 R A AL IR S AL, 2 B RE 6
A 2 - e T A O M ) o L R R 1 O
e R A EEW N R k- 1 G| AN e
IR T 0 A PR AL A I S R ) (R L) . B IR il
IR B 2 67 43 501) 2 1 98 R R Bl 10 2 6 1 4 R
it SA A 3 I TR S 1 1) T v BH L R X
R BRI E

L5 b ARSI I SE S P T T ) %o -
it P AR FASCRIR T 52 3] £ B e il 1 = il (2o 4R
PR R U A ) | X5 5 B AR 2 R 0 A
AT B S8 s ), R okt e 5 %o = SR A 2 1) i) 2
RIAEXT A E RN, Y LAY 2
| 2, B e B T T 0 R B A2 A B i s B A 2% i
B S
22 TEMEDHETUSHT

N 2 0] DL W FEANUS I 2 B e i, 455 57 ) 44
P SR 3 (S) H R W W B A 1 KR AR fE R
B . YRIN 2R B, SA Kb Fp 200 T R0 L T 0 B
RSl N Sl R M) R I (NN VS IRE S D2
SEA R, BEFRUE 3 d IR SA v 4 T Hi i SN T B
F 10" FREE] T 10°(F 2A) o 22 )5 4 1 %5k 71 3 [
T, AE S B 45 i 40 B 14 CFUSs B 3200400 4 il B {1
KFN T 10° XFEEM S, A LIS, SA b3
BB BT R 7RSS 14 d ISR B ik, L3
BB SN 10 TS T 10°, 14 d J5 133
ELIE BB E T 15 30 d B SRS AT, - B



2460 RAIRERIZ 2R M RYET BIR-
_ 807 A 607 B
o0 a0
o a I S . a . )
N I O P . [ B b
g 60 b 3 7 b 7
g ~ 7 7 $of | /
g 77 2 77
z 7/ 5 77
= 40 2 7 7 L 7
3 Z 7% £ 7
& ,;z ERU z%
W 20 555 a 555
= 7 7 77 2 7
¥ 7 & 7
) 0 7 77 = 0 Y 7 2
S SA SAE S SA SAE
1007 ¢ 4001 p
L a
o a a a a a a
801 T T b T 7 &7 L
Lo % N7 #300¢ 7 2
0 a 7, = 77 b ¥
= T
R % T 200 7
: 7 : 7
z 40r 7 £ a a 77
E 7 = 2 7
B 7/ & 100 7 7Y
= %f 7 = 7 7
# 7 7 7
7 % 7 7
0 77 0
S SAE S SA SAE
- 47 g
w ot
T 12f a a a @
— I T T
Si0f T 5, b ? é
NG T 7 b
&2 8r
LI
=< of Z
= 7
TE %
= 4f 2
: 7 7 7
= I 777 77
Z 2y 7 7
Z 7
= 0
S SA SAE
Ood O14d 2 304d

ANOVA, Duncan’s test, P<0.05, BELMERET = FATEBAPRER . T H
ANOVA , Duncan’s test, P<0.05. Error bars represent of the standard deviations of three parallel samples. The same below
B 1 Xt Z BRI 0

Figure 1 The impact of earthworm on soil enzyme activities

PR BRI T 10° (&1 2B) o - 39 400 1 0 B 7 i 1
TN EEULRA 2 R R A — e R X S
HA R FE 25 SR EA LR — B R YE
A X A R DR 0 A B IS ), 39 2 PR A5 1
A REMETVE A TR, T B R U A 1 2 it
A o 3 2 B — g 1T 4 P % 2 i 1) i 52 M4 1T g
TR o — O T, S B R OR g AT R
A Y DR A O, A S 50 2R W 3 43 4 TR R A X L
W AR

FEN AT S5 4 SAE ZbH b K556 3 d i), L340
PRSI EEAS 48 00 e 5] B 2282 155 359% (P<0.05) , 11 FL At A

[i) 57, Ee B0V FHAS B S o S B BR R 0L, A [R] Bsf ] 4 SAE
Ak HL R TR 10 85 2 T SA, FE RSB B 4E R SAE
FP B B0 B L SA B 5%~39% , 156 B 5] Y A fig
% iR 2 B e 75 Y - 9 v A0 T | L B0 K
o WIS AE B R R R A R ] 2 A
5 AR - S5 (R B T, 4 ) e - g
A B RS TR FE
23 TEMEYBEEEMEEEMSHEETOHN
ACE Fl Shannon $i§ £ 53 51| AL A= Wy B I 1) =F
A R S M E R R o B R R M ) 2k
PERFEFE MK, IR 1P ATLIE 30 d 5545



6P % 5 T T IR 258 s e S TR B 2461

S

87 A
2L

6.

2l T it Bactria population/lg CFU

0 5 10 15 20 25 30
t/d

S -O-SA

61 B

B B0 Fungi population/lg CFUs

0 5 10 15 20 25 30
t/d

—A- SAE

2 MR Z BRI BRAE (A FMEE (B HEHN XM

Figure 2 The impact of earthworm on soil bacteria(A) and fungi(B) population
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Table 1 Shannon and ACE indices of soil microbial community after 30 days incubation(ANOVA , Duncan’s test, P<0.05)
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Figure 3 The impact of earthworm on soil bacteria(A) and fungi(B) community structure after 30 days incubation
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Figure 4 The impact of earthworm on soil physicochemical properties
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Figure 5 The impact of earthworm on bacteria composition at phylum and class level
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Figure 7 The impact of earthworm on bacteria(A) and fungi(B) composition at genues level
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