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Effects of earthworms on soil enzyme activities and microbial communities of chlortetracycline—contaminated
soils
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Abstract: To explore the effects of earthworms on the soil enzyme activities and microbial communities of antibiotic—contaminated soils,
chlortetracycline was selected as the target contaminant and Metaphire guillelmi and Eisenia fetida were chosen as the experimental
organisms. Liquid chromatography—tandem mass spectrometry, a soil enzyme kit (microplate method), high throughput sequencing, and

redundancy analysis were used to determine and analyze the residual chlortetracycline, soil enzyme activity, and bacterial community. The
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results showed that the concentrations of chlortetracycline in the earthworm treatments (0.022 4~1.006 0 mg-kg™') were significantly lower

than those in the treatments without earthworms (0.033 5~1.585 0 mg-kg™) at the end of cultivation(28 d). Chlortetracycline inhibited the
activities of dehydrogenase, invertase, urease, and alkaline phosphatase and increased the activity of catalase. The activities of
dehydrogenase, catalase, invertase, and urease in the soil were activated by both earthworms with maximum activation rates of 77.80%~
88.50%, 4.00%~6.16%, 69.20%~72.60%, and 43.20%~48.80%, respectively. The activity of alkaline phosphatase was inhibited with a
maximum inhibition rate of 23.8%~25.0%. The high—throughput sequencing results showed that the structure of the bacterial community in
the soil was altered by both earthworms at the end of cultivation, and different earthworm types had different effects on the bacterial
community structure. At the phylum level, the earthworms did not change the composition of the dominant bacteria in the soil, but did
modify their abundance ratios. At the genus level, a few species, such as Flavobacterium, Aeromonas, Luteolibacter, Adhaeribacter, and
Pseudomonas, were significantly promoted by both earthworms, thereby accelerating the degradation of chlortetracycline in soils.
Redundancy analysis showed that the soil pH, organic matter content, chlortetracycline concentration, and bacterial community structure
were important factors affecting the soil enzyme activities. Specifically, endogeic Metaphire guillelmi stimulated dehydrogenase, invertase
and urease activities than epigeic Eisenia fetida.
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Table 1 Mass spectrometric parameters of chlortetracycline determination
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Parent ion/(m/z) Daughter ion/(m/z) Daughter ion/(m/z) Dwell time/ms Declustering potential/V Collision energy/V
479 462 60 30 24
444 60 30 28
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(Proteobacteria) 5 [t 38.8%~45.1% B #F 14 ] ( Acido-

R2 HIBITESE 28 AR EYE
Table 2 The biomass of earthworms at the 28th day

Ak PRLH TRl 55284
Treatments Before incubation/g The 28th day
ML 10.200+0.294 7.090+0.192
EL 10.500+0.572 7.967+0.981
MH 9.767+0.249 6.943+0.255
EH 10.373+0.242 7.000£0.158

bacteria) 5 F 10.2%~17.4% 3FF1# 1 (Bacteroidetes )
di tE 5.13%~16.7% . i 26 T 1] (Actinobacteria) f [t
7.25%~10.4% . % 5l 18 ] (Gemmatimonadetes ) (5 kb
4.30%~9.40% . &% R IMASE S T L3 Proteo-
bacteria #ll Bacteroidetes 3= & . AR5 J5 , -3
Proteobacteria F1 Bacteroidetes [ A X} 3= & 1 — 25 2
o S LA, ML A ELZH 5 Proteobacteria [ A %
A S8 2.39% F110.83% , Bacteroidetes FYAH X -
JE 43 53S0 198% F175.8%; 5 HALAH H, MH F1 EH 21
H Proteobacteria ) A XT £ & 43 5] #4 in 14.1% #1
11.5% , Bacteroidetes 1 FH XF = £ 43 51| 8 Jin 165% F0
69.0%. 5 Proteobacteria 1 Bacteroidetes [ #H X} =F &
AN, 455 ZIMAFIL T Acidobacteria Fll Gem-
matimonadetes AT 32 B2, FL 4 25 3 Mk B 0 R
BEHCK . i AR 15 J5 , Acidobacteria A1 Gemmatimon-
adetes [ AHXT FFEHF— L FEAL. S5 LAAM, ML Y
EL 4 Acidobacteria (A XS 5 B2 7351 T [ 38.5% Fl
23.1%, Gemmatimonadetes F{) A1 X = & 43 51 F [%
44.4% 1 17.0%; 5 H4LHH e, MH 5 EH 2 Acido-
bacteria [ A %} = B 73 51| [ % 35.8% F119.0%, Gem-
matimonadetes ¥ AH XJ == 2 43 1] B 41K 44.0% F1 11.2%
IR e B 4 55 25 %) Actinobacteria (Y AH % 35 B G 852
Wi, po % FEE 4 5 25 {6 Actinobacteria AR XT3 FE 38 0 T
3.38%, JIMAMREES] 5 , Actinobacteria A8 AR X = B2 B
5 LAME, ML 5 EL 4H 9 Actinobacteria 1840 X%} = &
539 T B 17.2% F114.6%; 5 H41AH G, MH 5 EH 41
H1 Actinobacteria [ #H XT 3= B 23 5l T B 22.7% F

0.051 (.

0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
=
o
<
i -0.05}
é;: ® CK
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oH
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Figure 2 The impacts of chlortetracycline and earthworm on soil

bacteria community structure at the 28th day
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Figure 3 Relative abundances of bacterial communities at the
phylum level determined in soils of different treatments

at the 28th day

30.0%. VL 255 il i ACK ot bR Y
DSV T2 AH I Rk 7 H& AR

R T B2 3 AT G B R R 45 - S R )
JE K-S, B2 T 45 28 d AU =F B HEA 1T 15 19
J&w (K 4), 85RER, SERAG LHEPR IR
JB AR e A= Ak (B AR F B A T 78 A CK
L5 H 4 8 {8 R J& ~ Sphingomonas . unidenti-
fied_Acidobacteria . Stenotrophobacter . Haliangium Fl un-
identified_Nitrospiraceae , &5 9.58%~10.6%. 5 CK
LU LL , Sphingomonas W FEFE LA N T 10.7%;
Stenotrophobacter Fl Haliangium {9 =F & 1E H 4153 1| [
T 13.1% M 15.1%. MU A JE -39 i U3 s 4
AT WY AR Ak [ 2 AR i 5] 42 B 2 [ ARG HA R AR

32r

241

20

16
-

[f] o ML A1 MH H 9, Flavobacterium . Sphingomonas .
Pseudomonas 1 unidentified_Acidobacteria A O
J& ; EL fl EH 20 %, Sphingomonas . unidentified_Acido-
bacteria . Flavobacterium F1 unidentified_Nitrospiraceae
BIEE R . LEfSe(LDA score > 3.5) 40 #r il T4k
HR AN [ Ak BR2H 8] 22 S B 25 R (IE5) AT Jo i
W51 ) 4 B R T YL AL PRA, RIS B 514 PR AH - 4 P T
J& =F B 2 B ) & Flavobacterium | Pseudomonas
Aeromonas . Luteolibacter . Adhaeribacter 1 Lysobacter
(P<0.05) 5 7% 1% ik 1| b B2 o 3 1 8 38 T v A9 40
Sl J& Flavobacterium | Luteolibacter .Aeromonas .Adhaeri-
Pseudomonas #1  unidentified_Nitrospiraceae
(P<0.05) . 8 of L |25 H % B, Flavobacterium ,
Aeromonas | Luteolibacter , Adhaeribacter Fll Pseudomonas
18 ~F B2 7E I A i 51 4 P2 vh R S 25 T 7E MLLEL
MH Al EH ' &7 H 53 518 17.2% . 5.19% . 14.8% FI
6.14%,
24 THEPEERREMBHMRHETL

SCEGAE AN, b B R AR AR A M S
IR, LE5 28 dit, ML41HI EL 41 (1 4 B 5 Mk
435149 0.026 mg - kg F10.022 mg-kg ™', B EFET L
2H.(0.033 mg-kg™) s MH 4L Fl EH 2 () 4 B R M 4y
%14 0.879 mg - kg™ F1 1.006 mg - kg™, i E KT H 4
(1.585 mg-kg') o MR K 5 VR BE 4 25 R A AKT
438 pH 24 T0 B2 5200 (P>0.05) 5 T Fifr A4 25 750 iz 5] 1)
IS B E AR T 309 pH(P<0.05) . 5 CK ML,
LAV H AL s o . 5 LALH B, ML AT
ELZLA LSS 53 5 AR 23.5% F113.2%; 5 HALAR
EL, MH Al EH 414 B3 5 42t 50 93] B 1% 20.4% A
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Figure 4 Relative abundances of bacterial communities at the genera level determined in soils of different treatments at the 28th day
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Figure 5 LEfSe analysis of species in different treatments
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R3 ERIFEAEBALER pH € BEZRENGIRESE

Table 3 pH, chlortetracycline concentration and organic matter

content of soils in different treatments at the 28th day

BER AL
Jb B . .

Treatments Chlortetracycline/ pH Organic matter/

T (mg-kg™) (g-kg™)
CK n.d 8.185+0.055a  22.000+0.775ab
L 0.033+0.003¢ 8.207+0.017a  22.508+0.370a
ML 0.026+0.002d 8.003+0.009b  17.207+0.775d
EL 0.022+0.005d 8.040+0.033b 19.531+0.272¢
H 1.585+0.040a 8.206+0.009a  23.089+0.356a
MH 0.879+0.023h 8.031+£0.040b  18.370+0.513cd
EH 1.006+0.034h 8.060+£0.024b  21.056+0.543h

T R PR F/ING FEEFROR A FILR] 22 57 2 (P<0.05) .
Note: Different letters represent statistically significant difference (P<

0.05) among different treatments.

1.0 [
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Figure 6 Redundancy analysis of the relationships among the soil

enemies, bacterial genera, chlortetracycline and

physicochemical properties
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