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Ecological effects of two earthworms on the enzymic activity and bacterial community structure in tetracy-
cline—contaminated soil

LUO Shu-wen, ZHEN Zhen, LI Wen—qing, ZHANG Wei-jian, WU Wei—jian, REN Lei, LIN Zhong”

(Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Soil enzymes and microorganisms can catalyze biochemical reactions in the soil, and are often selected as key indicators of the
self—purification ability of the soil and soil fertility. Two earthworms (epigeic Eisenia foetida and endogeic Amynthas robustus) were select-
ed to investigate their ecological effects on soil enzymic activities in tetracycline—contaminated soil. Redundancy analysis was used to deter-
mine which environmental factors were more influential on enzymic activity and high—throughput sequencing was used to detect bacterial

community structure. The results showed that the activities of invertase (2.15~4.98 mg- g™ +d™), urease (0.55~1.70 mg- g™ - d™"), catalase
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(0.54~1.08 mL+g"+20 min™'), and dehydrogenase (0.78~5.14 wg+g"+d™") in earthworm treatments were significantly higher than that in

the natural control (3.24 mg-g™+d™, 0.66 mg-g™'+d™, 0.89 mL-g™"+20 min™', and 2.03 pg-g™+d™, respectively) and the sterilized control

(0.70 mg-g"-d",0.23 mg+g'+d", 0.24 mL+g"'+20 min', and 0.21 pg-g™"'-d", respectively). However, acid phosphatase activity in earth-

worm treatments were lower than that in the natural control (0.17 mg+ g™ +d™) and sterilized control (0.04 mg- g™ -d™). Earthworms could

stimulate Proteobacteria, Bacteroidetes, and Firmicutes, whereas they inhibited Chloroflexi, Actinobacteria, Acidobacteria, and Gemmati-

monadetes at the phylum level. Redundancy analysis indicated that the two ecological earthworms enhanced the activity of invertase, ure-

ase, catalase, and dehydrogenase, and inhibited acid phosphatase activity primarily through influencing soil pH, organic matter, humic ac-

id, and humin. Specifically, epigeic Eisenia foetida stimulated sucrase activity than endogeic Amynthas robustus, whereas Amynthas robust-

us enhanced urease and catalase activities.

Keywords : soil; earthworm; tetracycline; enzyme activity

PURR PR FZ R A B R 2 s RK
MPAERZ — RS ER  LER U R T
R, HAEPLE & P FIE il PRIE | Rz IR SR e 55
P Pl AR B T AR mE M E A T
RUEBEH RN AT, KENIUE R (30%-~
90% )i 1 FE JRIE 2UHE A4 . H s, & & & flirp
DU PR K Y & R ik 98.20~354.00 mg - kg, XS E &
ZEMEH 2 A 38, P BUR | I A IR R
KA K5k B i1k 29.70~8400 pug- kg, T4 A
i R AR A T A 2 A 3 RO ) g & (100
pg-g )P PUAE RS P LR, (H 800 i 4T
PEIER XK A s A Y - SRR S (AR
T A AR B R e IR IR 5B E K
LI R Y =RY ST

M R A S R G TR e P iRk
FJCEHESH Y o M R 25 70 O HEE % 25 ST
Bl AlpkAs 39 0E S FRLAE R, R IR A R
R G e 2 B B BT B R A5 A i 9| i G e
W — e 437 1 W Ak R 5 R A P R FE B A L
PIHE R RSN, s 3G ML R FE AL R [l
e 5] 43 06 P v R TR L 2 2 A A W T S
Ft A R TE SRR R T A W B
FEPEY, O A KEMFR R, b 87T DL g A
BLI5 444 DDT . PCP FIB RE b7 HE 75 4 - B8 A e
T3 A LTS G B A PR G4, b 5% AR
R B R 20, HATE 150 mg- kg™ AR 4514
AT ERRERY. BB E A2 iR
W40 A 2R A DAL R B 3 DR 0 A 4 AR T 0
D7 AR T R RS HOE T AR RIS Y - rh
S 5] 3 ok A A ] o S R - R ) - 39 T 2 D e
YITEVE 25, 45 v DUFR 2875 e 1R F idvaE ) A 3
B3 77 ST H A PR

TIERFFIA Y R 2SS LR 2 5 A R A
Sk Ao S PR Rk T AR Al R AR Y 5 R RN TS
[ 70 B T A R A O TR A T 3 31) A A R 2R A
A LB, 1o A A 0 A R A T LA A T
R UEY R LR F ORI —, FERAT L
SR AP G E | RE F B AL NS YL R A ST 22 02 2
YA i AR BE S BB AR AR A PR O B
AT TE AR AR o T IR TR R TR
TARVUPR R TS YL A SRS A G MRV 4548, %)
O U PR R S G I [ Re ) N BRI T A
CIE -9

BEXT bR B @, A B 58 LA AR - % I 45] ( Eisenia
foetida) Fl H: A 24 R i) (Amynthas robustus ) WA Ft A [6]
Az ST A5 R AR AR, DLV b DX 21 858 Ry i
WS AN A (] AR 2 TR e | % Y PR 2R Y G -
e R T | TR TR I DR A 3 4 S A I S
TEPERYZ 0 oz FH v 2 0 00 00 5 A [v) Ak 3 ) 240
TR AR 48 4, s T TUAR 23 W7 O vk 0 - S s v A 1
SEIRAL M BT AT A DG HEWE S, LU B A AN [] A 2 R
i 450 308 e R A b R DR, 2 e G PR 2R 9 Y
F14) Tl 155 1 R A4 TR i 45 ), SRy A D e ] X O B R
e [ 36 (1) 3 8 15 RE 1 RN A HEAE T 1 0 1R AR
LN oR R

| HR5TE

1.1 R4

AR 6 At e 1] Ry A 2 Bk 0] (R 2R At A
EREL QD=L DN N R RN L i B G I o]
T o R AT M e R I R YL B R
3 RO A/ INAE 24 AT PR 14 B AR iz s, FH G P
KBV TSR T2 A TR I IE A bebf b, 76 SRS £
FEAA TR 25 CCREFE 24 b, HHE AR Py 264



B30, S < PR A IS X DU 56 75 Y - S o W P AN SRR A5 A 1 S 323

A3 3 At 2135 R A VLT R X XRS5 b
(110°17'13" E,21°10'49" N) . FrEHF A T FEBL
GG, FIRFER R LT A 0~20 em Y £ 38, R
A, AT, 3k 20 B 1 o sl - R A sl
WEIGYe, 3 pH N 537, ML & &l 2294 -
kg, Bl % LA 78.69 mg - kg, &K 4 18.88 mg -
kg™, HEALER A 179.56 mg-kg '

BRI R R R DU K, 77 H 35 [ Sigma A H] L 4l
JE R 98% . A5 3k A v T FH %) LAt R 38 Sk o B i
1.2 TR ShpEiE s

PR AR ) 143 B4 T CRA 3R KT
T3 FRRKE LM AR Y Hp— P E iR
R R BRI, T 121 CCKE 2 h, R0 £ 2k 0 18
B KETEA

ELHEBAES B BUKE LM AR 1% 3 ke, 53
BIHEN 6 A2 KB SR, B4 SR e £
1 kge FHIJGTE A 13 5 K 50 08 2 43% (m/m, BRI
HANK ) BT A S mg UK R, S50 IR AR
Wi ERRAS, 2 IR SF- 17 24 b5 A s . 88
T AR5 KB TR ME (NE) . AR 1 +8 5t
B (NA) K@ - +15 5597 T 85| (SE) K
B B +8 SOt A IR B (SA) , A 14y A 4% £ (CK)
A3 K A (CO) AR I5] , VF Ay o HE 24, 43 40 b 3
WEINER.

SRBIF 20 A B 55, RIE S S E I HLB L 45] 30k
B, B SRR 2 25 CHR IR 5 IR =k 9% 40 d, 4y
MTHF£0.10.20.30 d Kz 40 d IR , 0 5E - S8 REAE
it ORI 2o STk S T S R R M e N Al ) T
HF IR 40 d W E 43 pH A5 BT R 58 o 45
20 4y (BRI SRR A s LR ) 1Y o o 93 48
1.3 TEFSHNE

48 pH B9 5E « 38 pH R A HL A7 0 22, H
DT AFRELS g T REE 2 mm B, A 12.5 mL 25 4%
et ZR K CEBE ) BiPE 78 50 e s 2 h, BRI,
e B0 pH i (RS . PHSI-3F, FI U R#AY
TR AT RS /D HEA TN E

A BT I R « - 8 BILTTR: FH 4% R 4 75 et 1
PEATINE R FE MBI S5 0F T, FH A o 1 B 4% TR B —
i T TSP AT BB, (A AL 1 Al S R — Ak
B , 8K I s o 5 12 TV A B 78 YR Tk T A 1) T 4% TR
B H AR A A R A R RS IE R BT A LR

JE 5 IO B I A« - 3 A T A T bR A RORR L LR

A 0 AR, LT o B5OR 225 SCik 23] 1
DRI E o AR R R A AR AR TR A RO
S8 v (1 J S EA TR I, SRS FH A TR AR Ak A1
FR N S R v ) AR ok L L TR il N A AR
B i

1.4 BEEMERNE

- S MR A S 1 A - S R LA AR L)
HEF I, LA T R

(1) TR B M A 2 < SR T 3, 5- R R K i R
ook, DLRERE R LT, 3, 5— RS K A R 5k JERE
FEAPIAR G RAR LT ) 2 AL B 3- 2 - 5-his LK
MR , B FH 23 6 ETH7E 508 nm P KR BEAT e (]
SE o TE— 7 VU 1B P 40 SO 17 £ RS2 g Y P 2 € R
JCAE B, PRI AT SRAS A i o A ARG 42 , LS DA
H A0 + A U A B3R B A me g - d

(2) P T Tl T T 2 1 000 2« SR PRl R 2 — M
ik, AR R 0 R L0, B PR RV T 22 v, t
SRR TG 3 S N R W . I A R R
T IV g 359 S s €, I TR TR 5 s A O, R 43
6T E 660 nm Ab b, 00 HE i 2 i R Tk
i ity 5 LARE H R e R PR I i R SRy
mg-g"-d”s

(3) JUR it 355 A e 0 7 < >R P e W s L €3, AR R
R BT, MR A 7 - A B S T R, 5 OR T
R AR ANAE A= RS €0 RSy o e 5 19 2F IR
TR B E L, R A6 B THAE 578 nm &b ik
15 He b, DRI 15 P DA H 4w 38 i S /U
RN, L mgg ' -d

(4) 3 S0P ST P R 000 5+ SR P o e P A4 7
P, o Ak U RE A I A 0 il AR K R 4
o B EgEPINAE RN AR, 1EH— Bt m
Jei D o TR 2 AR S - S R R A SR AR
- A U A S T 4 i 2 2 B A AR
JO7 6 B 2k AR AL A, E A S P L S M DL A
20 min % 77 - HETHFE 0.1 mol - L /55 4 1R B 15 Y 1 1k
TR, B H mLe g™ +20 min™' .

(5) Jod 20 5 1 A ) 5+ SR P G Ak — 2R R 0 R s
(TTC) I JF ik, F = 2RI pUms A P S & 2 kR
BLT 0, = R LB (TPF) , TPF Y S 2T (IR R A 4.
FIFAY YEIERE T AE 485 nm AbPEF T HL G5 | i U LA
H A 50 A 50 TPF 1 EER B0 R pge g d s
15 TENEHEESEENT

I 14 DNA #2557 £ : BioFast Soil Genomic



324

URIEIRCX ity F3965 28

DNA extraction kit (BIOER , H7 E A0 ) % 8% 3% 40 d 11y
T ARG ) S DNA A 74 B, (o FAX R 25 11 = A
TSI 5 # i DNA B BE . il i 1) 1 338F-806R 51
Py %F $2 LAY &L DNA JE4T PCR 47 384 (338F 514 . 5" -
ACTCCTACGGGAGGCAGCA-3" ,806R 5|#):5" -
GGACTACHVGGGTWTCTAAT-3" ), ¥ #4 [X 1 K
V3~V4 X, W 3G 5 07 ks 7 el e feik 240t
HiLEAEYFHHA TR F A umina MiSeq Il 7F- &
AT
1.6 HHEAbIE

o A8 N T A B e FH Flash 30 04F UEF 5 P2, X
PHEAS B0 Fp S0 A 72 08, BE S (A Uchime FU7F %5
B B AT 5, 15 B i 48 RO . A Qi-
ime B 6 B E 97% BIARARLEE K- R BEF T 3R 2%
AT OTU, I3 T 4 18 4328 22 554l FFE X OTU #4753

TR PR AL BCHE B SPSS 19.0 -1 7 BA R £ 7 2243
B, I B DAY S48 + 45 o 22 i B 030, ATl 4b
P 2 [8] % F Duncan’ s P 617 2 5 3 (P<0.05) , )
FH Origin 9.0 17 /EE . | Canoco 5.0 H iy £k A
BRI RDA 237 + e BTG Pk MR R FAH C e &R o

2 HERENH

2.1 HEHE|3Y IR T T R R R

BRI R, H SR YL B 4 8 (CKO) A RE M i T35 1 4
i, B R SR T R K, G MR8 T, X
AT K G , L ERERE G S v 2 T R, O HAE R SR
WG AR . 5 CO AL FAR L, SE AT SA &b BEEE
PHEGE P B3 BT 5 CKANEEAH L, NE Zb 3
PR BT 1 S A - A R A AR R 3R 30 d B
KB KA 5.23 mg-g'-d7 Bl F . NAALBRH,

6'0_ dod
| O104d
| @20d
2 40r N30d
L [M40d
£ 30t

b
=)

20F

Invertase activity/mg- g™ +d™

1.0F bdf fe

TR TS P ol S E SRS A /N T NE A B
T I S5 R, O b R4S B, S i 5] b BE SA A
SE FRHEME BTG L2091 2.15.3.32 mg-g ' - d 7!, BEE
FXHECO(0.70 mg-g'-d™") . HIRIEA A, U
Jormife 151 40 3 NE I NA H RS 2L 3 51 4.98 .4.71
mg-g'-d”, BEETX I CK(3.24 mg-g'-d™) ., Pifp
AR AN TR ke | 357 AT A 2 R R DU R 2RV Y - R il T
YE B R FAA LR 55 AR - e g R g b1 1, Hod
- | A 2 A UL THAR PR B 1)
2.2 s PO IR T S 1 SR AR AR E T A R I

& 2 2B, CO Kb P rb i JOR It 036 14 J 25 (IR F CK Ak
B IE HAE R SR R N AR IR B A/ o CK A B b ik
il 3% 1 W AT 3 A, 40 d BTG PR ACAL O d B R R T
22.2%. 5 COMLL, 7E35 TR RN , SA b FRAH IR Bt 1%
PEFE R T 20.0%~269.6% , I HAERE 37 30 d Z )5 , FLfil
TPV A IR F AR e R (CK) K. SE Ab#E
B E PE R T 5.0%~139.1%. 5 CK AL FEAH 1L, 1
Ki g2 R HA Y, NA &b 30K BTG 220 31.5%~157.6%,
NE &b BE A 30E R 0 24.1%~83.3% ., I 45H )5, K
AL EZH | i ] b B SA RN SE AR IR S 143
%14 0.85.0.55 mg- g - d, B E T AR €O (0.23
mg-g” o d") o HAR L IEAL PR P, U0 15 40 PR NE
FINA rp DR 3G P 4350 4 1.21,1.70 mg- g -d ™, B 3
T CK(0.66 mg-g™'-d™) . HIG ] 0, W5 A 2
TR ke W) P o e o DR TS 4 o L 1 — B i U 2R
Y PR E AL IR AR R AR o,
A B 0T IR I %) 412 32 4 FH 58 T 2 -2 ek s, 156
DA M 5] U B 2K G T A R AU
TEIA
2.3 MBI EURET R ETELSEFTENZ W

Br R JE I, CO Kb B A - 358 5 A1k S T 1 AR

a
Nit b

f+]
NN
H=

Z KRN

SA
Kb Treatments

CK NE

=

PR ) /ING P 3R Ab B ) 22 57 8.3 (P<0.05) . R[]

The different lowercase letters indicate significant differences among treatments (P<0.05).The same below
1 PFh A AR 5|2 PO BR 3R 75 S - SR PR R B i M A0 R0 0

Figure 1 Effects of two ecological earthworms on invertase activity in tetracycline contaminated soil
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Figure 2 Effects of two ecological earthworms on urease activity in tetracycline contaminated soil
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Figure 3 Effects of two ecological earthworms on catalase activity in tetracycline contaminated soil
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Figure 4 Effects of two ecological earthworms on dehydrogenase activity in tetracycline contaminated soil
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Figure 5 Effects of two ecological earthworms on acid phosphatase activity in tetracycline contaminated soil
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Table 1 Effects of different treatments on pH, carbon organic matter and humus components in soil

b3 AL LR [ BIHER
Treatments pH Soil organic matter/g-kg' Fulvic acid/g-kg™! Humin acid/g-kg™ Humin/g-kg™
Co 5.44+0.05b 22.92+0.24a 3.50+0.15¢ 6.22+0.21a 11.87+0.76a
SE 6.45+0.10a 20.64+0.77b 4.24+0.19a 2.50+0.47¢ 9.84+0.45b
SA 6.61+0.22a 17.37+1.19¢ 3.40+0.23¢ 1.91+0.10d 9.26+0.44bc
CK 5.34+0.14b 22.85+0.59a 3.77+0.21bc 6.06+0.35a 12.21+0.55a
NE 6.47+0.24a 20.36+0.37b 4.08+0.37ab 3.08+0.30b 8.48+0.30c
NA 6.65+0.16a 18.29+1.14¢ 3.61+0.28¢ 2.82+0.27be 7.52+0.45d

T RPN R INE TR R R A BRI 22 57 525 (P<0.05) .

Note:The different lowercase in a column indicate significant differences among treatments at P<0.05.
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