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Abstract: Neonicotinoids (NEOs) contain imidacloprid (IMI) and acetamiprid (ACE), which are widely used in the
world. In this study, earthworms (Eisenia foetida) were used as soil animal. Through high-throughput sequencing and
measurement of soil physical and chemical properties, the changes of bacterial communities between IMI and ACE
contaminated red soil (BCK, DCK) and soil after earthworm introduction (B, D), and the relationship with environ-
mental factors were analyzed to explore the animal remediation mechanism of contaminated red soil. The introduction
of IMI and ACE reduced the diversity of microbial population, significantly changed the composition of soil bacterial
community structure, and decreased the content of soil organic matter (SOM) and total nitrogen (TN), compared with
the natural red soil (CK). The addition of earthworms increased the relative abundance of Actinobacteriota, Proteobac-
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teria and Bacteroidota, which have the ability of insecticide resistance and degrading. pH value, TN, total phosphorus
(TP) and total potassium (TK) contents of contaminated soil increased. Combined with the correlation analysis of soil
physiochemical properties, it was found that pH, TN, TK and SOM had a great influence on the bacterial community
structure among the treatment groups at the genus level. The study showed that IMI and ACE pollution reduced the
contents of SOM and soil TN, and destructed the original bacterial community structure in the soil. Earthworm activity
improved soil fertility of contaminated red soil, alleviated the adverse effects of IMI and ACE on soil microbial flora,
restored and enriched the diversity of microbial species in NEOs-contaminated soil to a certain extent, and then acceler-
ated the degradation of NEOs in soil. This study showed the feasibility to screen the efficiently IMI and ACE-degrading
bacteria from drilosphere, and would provide theoretical basis for the earthworm remediation of IMI and

ACE-contaminated soil.
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Fig. 1 Venn diagram of OTUs numbers of bacterial
communities of soils in different treatments
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Tab. 1 OTU numbers of bacterial communities of soils in
different treatments

ghpp OTUs BHL H5A7 OTUs B 3447 OTUs #(

T Total OTUs Specific OTUs  Shared OTU
reatment number number number

CK 2598 247 796

BCK 1766 27

DCK 1903 45

B 2199 135

D 2021 80

R2 TELEXTRAFEE o SHENRW
Tab. 2 Effects of different treatment groups on o impact of
diversity of soil bacterial community

Kb 3 Chaol 5%% Shannon 8 %%
Treatment Chaol index Shannon index
CK 2540.24+66.91° 6.09+0.09°
BCK 1742.46+53.30° 4.05+0.26¢
DCK 1851.15+25.89" 4.64+0.26°
B 2065.66+44.65° 5.83+0.07*
D 1965.64+190.53" 5.52+0.12°

e FPIAFE/NG FREFRR B E 2 7 B % (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference between treatments (P<0.05).
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Fig. 2 Relative abundance of bacterial community phylum
levels under different treatments
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Fig. 3 Relative abundance of bacterial community genera
under different treatments
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H P IE A DG R (421) KF ARG R $:
(46 ), AT LAHEWT24H B R A ME R R K T3a 4
KFR; MEIHATLUE Y, KREHERE T
FTRVZIE R, T R R . JERETR ]
2R AT R 5 A TR R 8] 1A OOk R AR
oL
24 TEMEMEEMTHEIEENER
FIESER

ANFEALEE 28 d J5 Ry HIERALPE RN 3 fr

O
Actinomadura
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30 AEET A, WARIK/MUREB R I, B
AR R T ) R B, R s R R AR
WD, AN 22 18] 0 FE LA SR B L T PR AR G, B ARk
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There are a total of 30 nodes of bacterial genera. The size of nodes
represents the richness of bacterial genera. The larger the node, the
higher the richness of corresponding bacterial genera, and the
smaller the vice versa. Different colored nodes represent different
phyla, and lines between different genera represent correlations,
with yellow representing positive correlations and blue represent-
ing negative correlations.

B4 WEMEBELIMEXRMKE
Fig. 4 Network diagram of co-occurrence relationship
among microbial genera
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Tab. 3 Soil physical and chemical properties under
different treatments

ose! HEEHFR R X0 |
Treat- pH SOM/ TN/ TP/ TK/
ment (gkgh)  (gkgh)  (gkgh)  (gkg)

CK  6.11£0.03° 24.66£0.07" 1.18£0.04" 1.29+0.07° 1.42+0.03°
BCK  6.09+0.03" 24.27+0.10° 1.14+0.03* 1.30+0.04" 1.45+0.03"
DCK  6.12+0.02° 24.35+0.04° 1.11£0.03¢ 1.27£0.05° 1.43+0.04"
B 6.24+0.03" 22.39£0.11° 1.21+0.05" 1.42+0.02" 1.51+0.03"™
D 6.22+0.02" 21.84+0.04% 1.24+0.04" 1.38+0.04" 1.55+0.02°
H: FSIAE/ NG FhER R AR 22 7 2 (P<0.05 ),

Note: Different lowercase letters in the same column indicate
significant difference between treatments (P<0.05).

/No 5 CK #itt, BCK Fl DCK AbFHAY SOM, TN
TR ERL, TK a2 E, TP 1 pH
AL AR B3 . Ik 5, 5 BCK #il DCK 4t
PEALL, B A1 D AbPEHE TN, TK., TP il pH ¥
FHEE, SOM 2 o K. BT Ay A o
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TEJERER ] ( Firmicutes ) H, Z¥w)E 5 TK &
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=
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Different nodes in the network diagram represent different bacterial genera, the size of nodes represents the abundance of bacterial genera,
and the color of the same node represents the same bacterial phylum; The line between bacteria and soil environmental factors shows a posi-
tive correlation in red and a negative correlation in green, with a darker color indicating a stronger correlation.

B 5 AREAETHEEBKTS D E5EEL MR CE R 2% E

Fig. 5 Correlation network diagram of bacterial genus level and soil physical and chemical properties in different treatments
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Fig. 6 Redundancy analysis between different treatments
and soil physiochemical properties
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