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Effects of earthworms in antimony—contaminated soil on rape growth and soil characteristics

BAI Jing"?, LIU Honghui', LU Dan', NONG Zhou', MA Jiangtao', CHEN Linyu', ZHENG Yu"?, XIANG Guohong"*, DUAN Renyan"*'

(1. College of Agriculture and Biotechnology, Hunan University of Humanities, Science and Technology, Loudi 417000, China; 2. Hunan
Provincial Key Laboratory for the Development, Utilization and Safety Control of Characteristic Agricultural Resources, Loudi 417000,
China)

Abstract: To explore the effects of earthworms on the growth and enrichment in oilseed rape under antimony stress, the effects of Eisenia
fetida on the biomass and heavy metal bioconcentration of oilseed rape in antimony—contaminated soil were studied via a pot experiment.
The rhizosphere soil characteristics of oilseed rape under antimony pollution and the effects of E. fetida were analyzed from three
perspectives: soil nutrients, enzyme activities, and bacterial communities. The results showed that: in antimony—contaminated soil, E.
Jetida could increase the biomass of oilseed rape and promote the enrichment of antimony in oilseed rape. The enrichment content of
antimony in Nanyouza No. 1 reached 358.30 mg * kg™'. Antimony significantly inhibited the activities of catalase, sucrase, and urease (P<
0.05). E. fetida significantly increased these activities in the rhizosphere soil of the two cultivars of oilseed rape. The maximum activation
rates were 13%—31%, 15%—48% and 24%—44%, respectively. Redundancy analysis showed that total phosphorus, total nitrogen, and

available nitrogen were important factors affecting soil enzyme activity. The addition of E. fetida did not change the composition of

Wi EH:2022-11-11 A HEH:2023-02-14

{EERII: AL (1988—) , &, Wit @I#EE , LS LB IS . E-mail: jingbai@outlook.com

“EEEE B HE  E-mail: duanrenyan78@163.com

EETE : R ARRFILEIH (41907037,32371589) 5 1 # A £ H T RHA U ELAUS H (2240608 ) ; 18] 4 B AL K400 H (2021NK2030) 5 7 5
BAAHEZAH 5T G0 H (2020CX84) 3 1 47 1o BT B A ™ L BH BB 5 810 5T H (2020NK2001)

Project supported : The National Natural Science Foundation of China(41907037,32371589) ; Research Foundation of Education Bureau of Hunan Province,
China(22A0608) ; Hunan Province Key Research and Development Project(2021NK2030) ; Hunan Agricultural Science and Technology Innovation
Fund Project(2020CX84) ; Hunan High Tech Industry Science and Technology Innovation Leading Plan Project(2020NK2001)



m@g 1946

VRETRR Rt Y F 425 % o

dominant bacteria in the rhizosphere soil of oilseed rape, but mainly increased the abundance of Bacteroidetes, Cyanobacteria, and

Chloroflexi. Among them, Bacteroidetes were significantly correlated with catalase and urease activity. The combination of earthworms and

oilseed rape might lower the level of antimony in agricultural soil and contribute in certain ways to remediation. Compared to Fengyou 958,

Nanyouza 1 has a greater potential for antimony removal.

Keywords : antimony; oilseed rape; Eisenia fetida; soil enzyme; microorganism diversity
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Table 1 Test treatment sample design

g g DERER oy SREA
Treatment  Soil/kg Sh c?ncentratl?ln "R Setidal %k Ol]seefl rape
soil/(mg-kg™) variety
N 1.8 0 i1 5
NSh 1.8 2 000 i1 S
NShE 1.8 2 000 20 MlA 1>
F 1.8 0 0 T 958
FSh 1.8 2000 0 M 958
FShE 1.8 2 000 20 958

M2 1S FITHIM 958 X B A B = I hivE , 86 % ik
#2000 mg - kg B, AN ILAA A ] A6
1.3 REFH*E

HERRPRIC 1.8 kg TIE R T (12 emx14 em, F
FEXTREE ) o TEREFIATE A I Lr 02 K5 A
PR B B K VS R B 7K it A 3 b 78 R A, R
14 do FERPEREE L HERRPRS), B R BATE - 4y
ATANEE 2 W DE K, PR - 39 B 7K o Ay HH [R) 5 7K i 1
60%~70%. IMEFTF 2021410 A 2 H &R, 475
SR 10K SRR RTE 3 om, BE LA IR F 2 e 5]
20 4%, 5 BRI SR B AE KR Ol . T 2021 4211 7 17
H i 2 BBORE , 00 1 40 040 2 B A Rk i AR i), A
AR 1 10~30 em )2 EBGT A SE AR R 1) LB
BRER LR TR R R AR HAS S weRh v i 145
REOMAR PR -3 P24 3P AR R AV INA B, —3
A3 3L A 2 mm, — 53R F IO B 48 vk R CE:
i [ S 3 = 5 AR AEAE-80 CUKAR T .
1.4 MEISFRINF iE
141 KRR

A D S 3 MR S 1, FHZR IR K e, WK 4%
W+, A% 5 T HEA 105 °CA T 30 min, SR 5 65 CHt
TZE TR E  BCF A IO E T B
1.4.2 %5l g

TR E T EANZAARRT B2 E 100 H
Je e M, 28 AR M s A4S P 4 CEE MR .
R A SR ACK T A U8 4 vk T, B B K
REBREETFENARET. E4EHTEHR
TG (LS AFS—2100) I 5 , 46 I R AH
0.01 mg-kg'o W EFRPEH 2 T AR ES %
+HE(CBWO7407, H E AR HED TR s ) o B
IR B Y [ SR TE 92% ~108% 2 [4] , AT FE 5 1) I
ETE10% LI .

& R E(BCF) S A bR A4 BB 7 12 55 R 6
) 1 e BE B i 2 b, FOR AT DA - S5 TR R R A
BRIRETT -
1.4.3 TIEFRAHIE

398 pH R A R A , 4 R FH LI ALk
M, 28R AR BB L LI, 280 R F R I
W A3 D' BE 0 e R R I 0 2 A
K H NaHCOs 2 B0 5 , ACH R FH NHaAe K801
FEEIE , A AILBR FH E 58 R 5 1 v (A ) D
A, BRI ES I gk A ),
1.4.4 - SEBETE 00

FEWH I (IN) 5 PER FH 3, 5- il B K i R L (1
DU, DR CUE ) T35 1 >R FH 2 B A — U A b € 32
FE , H P R T (NP ) T35 MR B R 2R — B L 2 1 U
2 A G (CAT) 36 1 R 58 A1 43 6 6 B2 1 U
FE o b S S 0 R A R IR M B A R A
RN F]HE AL
1.4.5 GUAEY) ZHEAENE

F A TruSeq Nano DNA LT Library Prep Kit FEHL
M2 Br 43 5 DNA , i i} Nanodrop %f DNA ¥E47 & 46
. F)FH 338F: 5" ~ACTCCTACGGGAGGCAGCA-3'
Fl 806R: 5’ — GGACTACHVGGGTWTCTAAT-3" X%}
16S rRNA [ V3~V4 X HEAT 338 B 5 3% 7= 1y el i 2
a6 2 FIFIR AR AR PR B A R ] Y Tlu-
mina MiSeq V- &5 #1755 38 5 ¥ -
1.4.6 Fudiib e

FIH SPSS 23.0 %F Bdla itk 17 58 1153 A, Bl LA
P 5 i 22 T SRR AR B Z 0] R FH BRI 3R
J5 2253 B (P<0.05) 7 22 55 PEAG 35 o 5 QIIME #%
PFN R A5 B LA W 26 R 0 A o
JG(OTU) R FAMBR - BEHUE VRIS 19 o ZFEVE S
Mrig%. FH GraphPad Prism 8 il 4], Origin 2019b i#
17 F B3 508 (PCA) .
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2.1 HEHIXHHREYER EEHEE N

VI e M5 Y S5 1) A R A R S G
(£2). 5 XN F)F L, B (NSh A FSh)
A0 30 3 T BT X 0 2 T B (P<0.05) o A Bt 5]
(NESb il FESb) &b # = iy 31 2% 1 J5t 5 558 A fin e 15
(NSb F1 FSh) 4b # i 25 $2 & (P<0.05) , 43 5 3 fm 1
59.84% F181.25%., NSb &b B w1 =2 X686 1t - 15 1 i
P 355 T FSh AL 3 (P<0.05) , {H M b 1 5 4 R4

www.daes.org.an




m@g 1948

velllE7spRislooki . SR 42 55 O 1Y
R2 AEGEHMEEMER AN HENESEREN
Table 2 Biomass and enrichment coefficient of oilseed varieties under different treatments
psT] o HLERPH B R I R
Treatment Dry weight/g Sb concentration in rape/(mg-kg™)  Sb concentration in soil/(mg-kg™) Bioconcentration factor

N 1.76+0.21ab 3.05+1.33e 25.55+4.31e 0.12+0.03d
NSh 1.22+0.15¢ 349.28+2.76b 1425.31+15.81a 0.25+<0.01be
NESb 1.95+0.12a 358.30+2.85a 1 170.31+£9.40d 0.31+<0.01a

F 1.63+0.15b 3.68+0.77e 26.50+3.89¢ 0.14+0.01d
FSh 1.12+0.18¢ 307.11+6.07d 1401.47+4.08b 0.22+<0.01¢

FESb 2.03+0.08a 324.40+6.85¢ 1311.89+12.48¢ 0.25+0.01b

VE : A AR NG P REFR R AL R R 22 57 .35 (P<0.05) o R 1]

Note: Different lowercase letters in the same column indicate significant differences among treatments (P<0.05). The same below.

() G 8. 25 2 5 o VAN DI AE ] Ak e S o) s g R AL
5353 90 v R XS 7 4D A 48 0 e 5] 4k B, NES Ak 3 v
BETHAR 15 X586 0 - Wi i 4 81 358.30 mg kg ', ik
FE T H Al AL HE (P<0.05) , & 4 R Bt PR —
P, ZERIRI TSGR R I A 15 0 A g
B T 958 , e M| T DR = I SR 1 AR i D R B
)
2.2 BT ANHSEXT T B R ANEE R
=AU

28 3 A AR PR 1 pH FE R 7.96~8.45 , &2 556
P, Hiop FES ZbH 1 pH f K, B3 & T H A& 43
(P<0.05) . NSb F1 FSh 4b B rfr - 458 4= B A1 4 BR 7
TR FRALFE (P<0.05) o 5535 TP, i s fky i
A (NESb Fl FESb) £ & T A3 LT 45 3 3080 19 1%
A NUR SR 91355 28.36 g kg F128.14 g kg,
25 T A b 9] Ak B AL S0 S L A R 25 5 AN
+(P>0.05).

LT B R e 51 X ¥l SR AR B - 4 1 ek 4R A
ST RN | P R DR I P R 1 R A 22
o USINESJS ,NSb FSh Ak # b 4 3 ik S Ak S
W (B FSh Ak 21 ) DR i 7 P 1 3 1R (P<0.05) ,

NSb Ab P iy r 4 58 1 il 905 2 A8 N A BRBE AN T 2%,
Wi 22 0] 22 5N B 3 (P>0.05) . Wi i) B 542w 1 W
Tl r SR AR s A 8 v A 3 S St L TR T R it 0
(P<0.05) , fiz K ¥EG 2 55 5 0 13%~31% . 15%~48%
F124%~44%

L TR S D 5 - St R - 3 30k 1 S5 1] f
KR,VERWE 2, FH—HGETHAHEEMN
53.57%, & i B T 26.66%, Bt R fs BR N
80.23%. - 1FMEGIE S H PR R C R B2
SRR E W A A R R ) S I
AU B o R WS 0 M 3] 9 40 B (N NSb  FSbh) 3£
BLor AR A RDAL B Jy 1], U 0 ke 5] ) 4b B 53 A1 7€
RDAL IEJ7 0] o AP ol 1 il 0 3o 4R Ak S0l 067 T2 —
ZIR, 520 20 pH J5 [ AH ] B9 /N, ¥ 5
IEAHXCR, 5SEEPE SRR AR IREGH
FEWERGO TA IR R, SA P B A & R0
AHTE, R IEFHE KR
2.3 ML FB T E T AR T IEAREHESHN

ab=A|
2.3.1 FESH S OUT U H 44t
L 97% FRAE 7K V-3 43 FR 1 OTUs , X 6 41 4k 31

R3 ARG IR SR BR LA IE LR

Table 3 Physicochemical properties of oilseed rhizosphere soil under different treatments

F#57 & i Nutrient content

s o AL 2% e e R R R
Treatment (et i) | e gt | el s e s s Aot by o)
(g-kg™) (g-kg™) (g kg™) (g-kg™) (mg-kg')  phosphorus/(mg-kg™) (mg-kg™)

N 8.04+0.26b  23.77+0.15d  1.38+0.05ab 0.75+0.05d 19.79+1.37b 126.90+5.50¢ 57.64+3.38b 189.92+4.21d
NSh 8.11+0.14b 27.18+0.26bc  1.37+<0.01ab 0.85+0.05¢d 37.78+1.21a 138.84+1.75b 67.63+3.90a 666.78+11.93¢
NESb 7.96+0.01b  28.36+0.57a 1.40+0.04a 1.07+0.12b 39.18+1.42a 146.39+3.93a 75.23+3.28a 704.26+13.41h

F 8.12+0.06b  24.09+0.72d 1.43+0.02a 1.11+0.12b 20.35+1.85h 133.15+2.20b 70.05+4.29a 204.74+8.61d
FSh 8.08+0.18b  26.50+1.03¢ 1.30+0.09b 0.97+0.06bc 38.22+1.09a 135.66+2.21b 48.47+3.33¢ 666.98+11.35¢
FESb 8.45+0.24a 28.14+0.18ab  1.38+0.03ab 1.28+0.06a 39.05+1.04a 134.11+2.04b 56.94+5.17b 756.65+11.85a

P 1%) WHARTY
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Different lowercase letters indicate significant differences among treatments (P<0.05).
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Figure 1 Effects of earthworm and oilseed on catalase,invertase,neutral phosphatase,and urease activity in antimony contaminated soil

Permutation Test P-value: 0.003

0.8
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- 4hsm
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g oF--9— - - - @ NSb
o [ ] e NESb
S ¢ ®F
== FSb

® FESb
-0.4r
-0.8F )
-0.5

RDA1(53.57%)

NP: PP IR IN : AN EG , UE : IREG , CAT : 2 U U8 TN : 240,
TP: A28, TK: 28, AN B &L, AP AU, AK 3, OM: A AL
0, pH : HIERRTLEE L Sb soil : H3EHH & ik BCF: WEEREL, T,
NP :neutral phosphatase, IN : Invertase, UE : urease , CAT: catalase , TN
total nitrogen, TP : total phosphorus, TK : total potassium, AN : available
nitrogen, AP: available phosphorus, AK: available potassium,OM :organic
matter, pH :soil pH,Sb soil: soil antimony content, BCF : bioconcentration
factor. The same below.

2 TEBERMSWEER TR
Figure 2 Redundancy analysis for environmental factors

associated with soil enzymatic activities
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NESb F1 FESb 40 1 & OTUs %t H 1Y 27.53% . 26.04% .
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LRV TE 26 R 151 A S SRS T, A BT R T —
FE AR IAE
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Figure 3 Venn diagram of OTUs numbers of bacterial

communities of oilseed rhizosphere soil under different treatments
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PEFE B B 45 A 36 4 i M| A0 26 0T A s - 5 4
RETE ZAEVE AT — € A2, (H b R 22 S R (8 2%
(P>0.05) . P 4L Good' s coverage 18 KA i
10973, I Fy 45 2R A 52 HE o W45 Ak PIAR s 4 1%
WA W) BEVE AL B o N AL PR A9 Chaol | Pielou’ s
evenness , Shannon . Simpson B & T AR AL FE 4
515 5 4 835.8.0.916 2, 11.026 1 0.999 1, F 4 Hf (1
Good's coverage 55 = T H AL T, K HIEE A T IS
Tt ] 2 2R AP S AR 2R 240 TR IR Vi 1) A
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Table 4 Effects of different treatment on o diversity of bacterial community

b E Chaol $5%%
Chaol index

Good's coverage 54X

Treatment Good's coverage index

Pielou’s evenness $5 4% Shannon 5 %%

Pielou’s evenness index

Simpson 54X

Shannon index Simpson index
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Figure a shows the phyla with relative abundance >1% ,figure b shows the heat map of cluster analysis.
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Figure 4 Bacterial community structure of different treatments at the phyla level
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Figure 5 Bar graph of species with different relative abundance of soil bacterial communities under different treatments
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Figure 6 Correaltion heatmap between soil physicochemical proproties and bacterial community compositions
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