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Abstract: A control experiment was conducted to explore the effects of earthworm ( Eisenia fetida) activity on Cr occurrence and bacterial
communities in soils with different acid—base (acidic, neutral, and alkaline with pH 5.88, 7.55, and 8.97, respectively) and Cr(15 mg-kg™
and 50 mg - kg"') levels. The results showed that after the addition of earthworms to acidic soils, the soil pH significantly increased. In
neutral and alkaline soils, the soil pH was significantly reduced after consumption by earthworms. Consumption of soil by earthworms led to
the pH becoming neutral, and the pH value of low Cr content soil was higher than that of high Cr content soil. Among the acid-base soils,
the removal rate of Cr by earthworms was the highest in neutral soil. In neutral soil with a low Cr content, the Cr removal rate was 62.74%,
whereas the Cr removal rate was 37.51% in neutral soil with a high Cr content. Earthworm biomass decreased significantly after consuming
Cr—contaminated soil with different acidities and alkalinities, and the higher the soil Cr concentration, the greater was the Cr enrichment in
earthworms. After consumption by earthworms, the content of acid—extractable Cr in the soil increased significantly at all pH values, and
the residual Cr content was reduced dramatically; earthworms had the best effect on activating Cr in acidic soil. After consumption by
earthworms, the abundance of Proteobacteria was increased in acidic soils, whereas that of Actinomycetes reduced. In contrast, the
abundance of Actinomycetes increased in neutral and alkaline soils and that of Proteobacteria and Bacteroidetes reduced. Furthermore, the
abundance of soil bacterial communities (Chao and ACE indices) was significantly increased and the diversity (Shannon index)
significantly reduced. In summary, earthworms enriched and removed Cr in neutral soils through feeding and passive diffusion, and these
effects were better than those in acidic and alkaline soils. Incorporating earthworms into the soil can effectively improve the bioavailability
of Cr and change the bacterial community structure of the soil.

Keywords: Eisenia fetida; soil; pH value; chromium form; bacterial community
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Table 1 Basic properties of test soil
A~ EL

j:ig pHE Orngiflﬁtter/ Cl(r: Zo?ltil/ iig%iﬂ

Soil pH value (g-ke™) (mg-kg") Soil type
bt iE  5.88 12.25 9.96 LI (FPUE L)
ikt 755 11.59 14.95  KFEE (D RHEL)
WL 8.97 14.38 1108 /KRR (P BEL)

1.2 iRE&& T

IG5 3 Crik EE (C1: 15 mg- kg™ .C2:50 mg -
kg™) , R 5] (O : AN A M 45|, 1 BeRh IR 72 M
W8], SRR (S R, Z . Pk, T B ) 3 R AR i
2B, AN 3R E S . E e, A A R
TE 3t 2 mm i, 0] 3 EEINA 30 g« L B 4% iR B
T, BEFEIRS) s L oM BTN 15 mg - kg™ (fIK
Cry ) F150 mg-kg ' (755 Cr & i), MU EEGITE: 45 d.
HOR KBS 0 RO R R SRR P (1042 16
em R 13 em. = 17.5 em) , BB 1 1.0 ke,
T Sl A 4 o 38 5 K S A I R/ = 1Y) 60% ,
BT d, A 40 £ 4585 B b B R T2 ] LAAS TR0
WA AR 55 = RS AN E TR R FR JRERT T
b2, B 1M kst , s PR S S
20~26 °C, B3 I 16~20 °C, 18 2 R BT 1Y 5 4
RANFEAEF K , P55 7K M i A5 K 2 1 60% o
Wi 0P 30 d 5 , R A3 WIS SERE 0 A5 TR
TR P G ] kR APET
1.3 MEmMESAZ

-3 pHAECR L 50 1K - FIg 4RI 2, e
A Gl 2 SR E /NS HR B i o Cr KBBRE=
(HZ e 51 388 Cr 7 -4 FP M 5] J5 488 Cr &
) AR 05 AT A Cr X 100% ., R AT 4R EUE
Cr AR JRZS Cr. i B LS Cr VL R AR 75 Cr F I 2 R
FHSK KR G I i . TEA Cr i =45
JEAS Cr /8 Cr & #x100% .,

M 5] A e T A < A o AT i T W i e
I E PEVE AR FIE I 12 b7, 3R, T W K 48 T i
W AR K 40, BRI R o ke 51 0 S 24 = (2 ol ke 5] i e
W] A ) et — M 5 F M 51 A g ) 4 b 51 i ke 51
A )X 100% ., WA Cr 5 4 2 35 1 5 6 i s]
W K AR T ke | {2 K 43, T30 CR R VR, SR E T
AHBEFF 65 CHE 48 W™, B 4 J5 2R K — i SR TH
B - IR P 8 Cr 3 o FE I RE - 3 Al
W] 44 P 4 I 1 S BN PR ME - GBW07978 (GSS-
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CL:AR Cri i, C2: i Cr & it EO: ANIEFIRIS] , E 1 R ok 2 sl 5
St 13, Z e 0 R g TR —BR A AL BN OR R R
FORALHLIN) 22 57 5.3 (P<0.05) . T
C1:low Cr content; C2:high Cr content; EO:no earthworm inoculation ;
E1:inoculation of Eisenia foetida ;S :acidic soil ;Z:neutral soil;J : alkaline
soil. Different letters under the same acid—base treatment indicate
significant differences between treatments(<0.05). The same below
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Figure 1 Changes of pH value in soil
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Figure 2 The removal rate of Cr in the soil
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Figure 3 Changes of various forms and proportions of Cr in soil

b g Rl 5] S, 4 P R R T SR G Cr AT]
RS Cr e CLARFE b 43 5 42 & T 26.65 4~ F111.37
ANE 3 L AE C2 b B R A3 B R T 23.58 /1 23.90
ANE G55 AT AR S Cr BRI ZS CrfE C1 AR A 43 5]
FEAR T 3.59 AN FN 34.42 4N E 43 o5, 76 C2 Ab B o 43 31| B
T 19.85 4 H127.64 A 43 i o B - 3R i 1|
Ji o 4 R A R AT R B Cr FIRT A R 25 CrfE C1 AR B
Ay IR T 23.56 N1 21.53 4N 1 40 5, 7E G2 Ab F
Wy BB T 22.37 A1 23.41 N A s A AR A
Cr FIBE 25 Cr 76 C1 AL B 43 I BEAIR T 19.49 4> Al
25.60 1~ 43 5, FE C2 Kb B A 4 S FRAR T 17.83 4 A

WWW.Qes.019.CN




m@g 1476

VRETR Rt Y £ 4155 TH

27.94 N E 43 sk LF b HERN i | BE A8 AT RCHRE Ry 4
o Cr AR A S, P RS CrRIES A
PR ) B 25 SRR ARG , T MRS Cr (R TR BCE: L nT ik
JRZS) B B S . M s X R MR Cr i A 4
W) Cr BTG AR A f 58 o
23 B EMEMNFHEREGEEE

FH % 2 AT AT, e | £ AN R R Bk 1) Cr T e - 43¢
S e ] A= 2 (R A R 2Rl 9.25%~26.58% , 1 Cr 75 2
- 38 v 5] A Py B0 3R TR G S b
39 Bt R R R A B i ] A A A
Tl FAR KRR . AR AT, M 5 B8 & 4K 0.44~
1.08 mg-g ' ) 13 Cr, & Cr % i1 3Pl 154K Cr &
AL B = AR Cr i 8 R 1 A A 1 v b )
Cr & St = Tk - At b B (A 22 R i 2
ZE b Cr 5 1 - 38 o i 0] A 0 400 ) R i 5]
A Cr g FE 3 8 28 & FAIK Cr 75 5 - 8, B - b3
rh e 051 A5 Py 89 T R R R A Ak B e b g

R2 MEBEMENFERSCERE

Table 2 Inhibition rate of earthworm body and Cr enrichment

T i CEER
Treatment Inhibition rate/% Cr enrichment content/(mg+g™)

SCIE1 12.95+1.45¢ 0.52+0.04¢

SC2E1 23.56+1.46ab 1.08+0.04a

ZC1E1 9.25+0.10d 0.45+0.03¢

ZC2E1 20.72+0.48h 0.96+0.08h

JCIEL 15.97+0.96¢ 0.44+0.07¢

JC2E1 26.58+1.02a 0.95+0.07h

3 [FIBIAS )P BN A B ) 22 52 5 3 (P<0.05) . R
Note: Different letters in the same column indicate significant
differences among treatments (P<0.05). The same below.

Cra .
24 TEARBETHERL

AN [R) BR E  Cr Y75 B - 33 42 A i W) =, 1= B 41
W ZFEVE R B R AR B AR . R 3ATH, 3%
Folvte W51 ), R 1 A e A Ak B A - S A0 TR R VR A
Shannon ZFE P F8 5500 25 FRAK , i = 4b 3 b 1 340
B BEV% 19 Shannon 22 AE P48 BUZER Cr 5 1 1 B 35 1%
K, % Cr & i AR R . RIS S, SCIEL Al
JC2E1 4 B rp - S 40 TR 74 Y Chao 45 BRI ACE 45 %
PR, o AR B - RN TR RV 1) Chao 754K
FACEFE UL A B3, ik 1A 3R rp IR AN i VR
] Chao 45 £ FIl ACE #8804 i 2 i TR ME L Fnh k-
AbF L VAR, R b 5] 4 R T 43 Chao 45 2R
ACE $8 %0, BV3& & 7 40 G RE TR 10 2 5, eIk 1 -3
Shannon ZAEMEFEEL, BIFFAS T 40 R FEYA 19 2 FE .

E— 243 A (L 4) vl 50, e W) J5 , 76 11K
3R B A ) A TR T A A R R kA
T AE . BB BT (Proteobacteria) L2 TR | ] (Acti-
nobacteriota) \Z¢Z5 I8 [ ] (Chloroflexi ) FIHLAT 1 ] (Bac-
teroidota) UL R B . BRIE - 3Rl il 5 (&1 4A)
TIEF AR FER S T 1740 A5 5 (CD) 5 4k
)R REAR T 224N 43 s (C RT3 AN 43 5
(C2); BRI T F RS T 740A 735 (C2) s AT
FTFEEREIR T 240 A2 (CHF 4N A 73 8(C2)
rR b e A 5 5 (B 4B) , IR ASIE R F R Cl
AEFEE R T 64 H 43w, C2ALFRREAI T 27 1N EH 40 1
BT T F R 1 25 A 20 s (C2) s UM T F
JERRAR T 24 E 4 s (CH R0 H 43 5(C2) s 75
W RS T 700 m(C2) o B e b i 1]

R3 TEARBESHEEMEEST(OTUKFE)

Table 3 Analysis of diversity and abundance of soil bacterial community (OTU level )

KEFE Treatment  Shannon 5 %X Shannon index Chao #5 %X Chao index ACE $5%% ACE index B 56 K Coverage rate/%

SCK 5.32+0.01c 1 600.76127.60de 1589.97+126.70de 99.1+<0.1a
SCIE1 5.18+0.02¢ 2 038.26+234.60c 2 063.58+237.50c 99.310.1a
SC2E1 5.26+0.01d 1 900.00+106.30cd 1 933.28+108.20cd 98.9+0.1b

ZCK 5.31+0.01c 1 316.08+18.40e 1327.75+18.50e 98.7+0.1b
ZCIE1 4.9120.02g 1 660.76+44.00de 1 726.44+45.70de 99.1+<0.1a
ZC2E1 5.02+0.03f 1 605.11+80.70de 1 595.92+80.20de 99.1+0.2a

JCK 6.26+0.02a 2 690.962139.10b 2754.06+141.80b 98.4+0.1c¢
JCIE1 5.67+0.03b 2 711.4676.90b 2761.33+78.30b 98.2+0.2¢
JC2E1 6.27+0.01a 3375.72+173.50a 3370.31+173.20a 98.4+0.1c¢

T« CK O AN R BRI ) S s -8 , Shannon 15 B CRANBRAETS 19 ZHENE | Chao 15 B ACE 35 BUA R AN 19 £ 12

Note: CK is the original soil with different acidities and alkalinities , Shannon index represents the diversity of the bacterial community, and Chao index

and ACE index represent the abundance of the bacterial community.
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Figure 4 Changes of bacterial community (phylum level) in soils with different pH
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