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Effects of the combined application of silkworm excrement and sepiolite on Cd bioavailability in rhizosphere
soil and Cd accumulation in grains of rice
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Abstract: Treatment of heavy metals in paddy field soil in mining areas is of great significance to rice food security. This study aimed to

explore the ecological remediation effect of silkworm excrement combined with sepiolite on Cd—contaminated paddy soil in mining areas,
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and to clarify treatment effects on Cd bioavailability in rice rhizosphere soil, Cd enrichment in different parts of the plants, and rice safety.

For in—situ soil remediation tests in the paddy field, early rice was treated with silkworm excrement + sepiolite (T1), silkworm excrement +
sodium humate + sepiolite (T2), silkworm excrement(T3), and a control (CK) without any modifier, whereas late rice was subjected to the
aging test to assess treatment effects. The gradient diffusion film (DGT) technique was used to study the bioavailability of Cd in rhizosphere
soil of the paddy field, and the correlation between Cd accumulation in different parts of the rice plant and in the grains was evaluated. The
results showed that the bioavailability of Cd in rhizosphere soil of Cd—polluted paddy fields was reduced by treatment with silkworm
excrement and other materials. Compared with CK, the T1, T2, and T3 treatments decreased bioavailability significantly in early rice by
88.36%, 82.00%, and 74.18%, respectively, and by 29.71% in the T3 treatment of late rice. The combined application of silkworm
excrement and sepiolite reduced Cd uptake by rice, and the Cd content in the roots, stalks, leaves, chaff, and grains of rice decreased by
31.71%~55.54%, 17.01%~84.60%, 18.21%~57.09%, 44.94%~49.69%, and 47.62%~53.84%, respectively. The combined application of
silkworm excrement and sepiolite improved soil physical and chemical quality. Soil pH, electrical conductivity, and soil organic matter
increased from 0.13 to 0.27, 16.45% to 121.54%, and 15.51% to 39.64%, respectively. The Cd content of rice grains reached the safety
level in the experiment on the aging effect of sepiolite, and met the relevant standards of National Food Safety Standard Limits for
Pollutants in Food (GB 2762—2017). The lasting effect on Cd—pollution in paddy field was the longest . The combined passivation of
sepiolite and silkworm excrement can effectively prevent and control the transfer of Cd between soil and rice, and can be used as an applied
technology for the ecological regulation of Cd pollution in paddy fields.

Keywords: silkworm excrement; combined passivation; polluted paddy fields in mining areas; bioavailability of rhizosphere Cd; enrichment

extraction; grain Cd accumulation
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Figure 1 Effects of different treatments on Cd bioavailability and Cd** adsorption capacity of DGT binding membrane in rhizosphere soil
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Figure 2 Distribution of Cd in different parts of early rice at tillering stage and full heading stage
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K1 AEMECIZTERY

Table 1 Cd bio—accumulation coefficient in different treatments

sH ] Period Ab P Treatments BCF i BCF,. BCF +BCF . BCF 5 BCF\t BCF 44 BCF it BCF ¢4 BCF in
FAFE Early rice CK 0.155+0.004ahb 0.124+0.003a 0.124+0.003ab 0.118+0.002a 0.109+0.002a
T1 0.136+0.007ab 0.132+0.007a 0.131+0.006ab 0.084+0.006h 0.074+0.003b¢
T2 0.115+0.006b 0.107+0.006a 0.093+0.004b 0.063+0.003b 0.058+0.003¢
T3 0.176+0.019a 0.149+0.017a 0.145+0.016a 0.089+0.01ab 0.083+0.007b
M4 Late rice CK 0.334+0.047a 0.218+0.029a 0.209+0.02a 0.211+0.024a 0.208+0.028a
T1 0.125+0.015b 0.096+0.006¢ 0.097+0.006b 0.089+0.004b 0.080+0.006h
T2 0.142+0.012b 0.107+0.013be 0.094+0.011b 0.086+0.009h 0.078+0.009b
T3 0.236+0.012ab 0.184+0.012ab 0.163+0.01a 0.118+0.005h 0.112+0.004b
T : [FAUAS R ING SRR R R AR 3R] 22 55 i 25 (P<0.05) . Rl
Note : Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.
R2 AEAIECIIREE (ng- 7"
Table 2 Cd extraction amount in different treatments (g+pot™)
s 44 AbH MEA y i MEA y 1 MEA = MEA MEA 45 MEA s
Periods Treatments MEA underground MEA ihoveground MEA MEA,. MEA chase MEA zin

H 7 Early rice CK 1.31+£0.03a 23.68+0.33a 8.61+0.13a 7.48+0.40a 2.25+0.05a 5.34+0.09a
T1 0.85+0.08¢ 16.25+0.50¢ 5.19+0.14b 6.97+0.33a 1.26+0.03¢ 2.84+0.12¢
T2 0.95+0.04bc 20.25+1.16b 8.33+0.83a 7.24+0.51a 1.39+0.03bc 3.29+0.10b
T3 1.13+0.02ab 18.56+0.12bc 6.02+0.21b 7.64+0.14a 1.45+0.03b 3.46+0.05b
77 Late rice CK 1.81£0.18a 25.6x1.11a 9.79+1.05a 7.42+0.63a 2.39+0.07a 6.01+0.28a
T1 0.78+0.03¢ 13.52+0.42b 5.44+0.25b 3.79+0.41h 1.30+0.04b 2.99+0.03b
T2 1.07+0.09be 16.32+2.19b 6.94+1.18ab 4.38+0.91b 1.49+0.07b 3.51+0.11b
T3 1.76+0.21ab 19.1+0.93b 8.58+0.76ab 5.49+0.29ah 1.46+0.03b 3.58+0.06b

WEPRAEAE L 25 5 . 5 CKAREL, T1.T2 . T3 kb3 + 35
AHLUFR SR AT (P<0.05) , 76 AR 4> BEI) A 5 A
B4 56 T 39.64% . 16.87% . 16.83% Fl 31.59% .
21.02% . 11.81%. FE/KAFWCER I T1. T2 F1 T3 Zb B2
(A HLT 5 i 25 AN (A CK AR BEAH Hol B 3%
B, AE B RS MR T T2 T3 &b 43 ) 3
15.51%.12.91% . 13.70% F1 23.33% . 15.74% . 15.47%.,
VLA HUIEXT 3584 20hE & B AR AEFERZ I, CK AT T3
PR FREIXS L 22 5 A B, 5 CKAI T3 AbBEAH L, TT
T2 Kb B4R = T 4 3 Rk 7, o T A BRAE LA
WOHR I B vy, AT K 228.41 mg - kgt TR BEAR I
P[] CK AL FEAR FE , T1 A T2 b 3 - 4 350k 5
A3 60.12 mg- kg™ A1 67.23 mg-kg o L BRAR I
A EL B, MRS CK b BR A SCRE ST B T
64.66% ,T1.T2 Fl T3 4b 3 73 51| ik /L 68.81% .9.17% Fli
16.25% .,
2.3.2 KFEHFRL AR E Cd & i 5 - e A v o
AR DG

R TSR EAR S E Cd & &5 -5

pH A ML A RCRE AT 3 CAAE A 3 E R L, 4
ST A AR BT, AT BT 25 R (2 3) , KA AN ]
#E Cd fr S 1 Cd A YA A B B A ek
Z L R B 514 0.92.0.92.,0.85.0.79 1 0.86 (P<
0.01); T3 CAd WA RS 3% pH A PR 2 B
AR G, M R E 51 -0.59.-0.68(P<0.01) , 5
A RE R AR A R BN -0.32 K FEFFRL Cd
T SKEASE R EF AP CdHERZ R
M 2 (P<0.01) , #HOE R &4 114 0.99.0.78.0.71
0.88. £k b, 148 pH A WL &FiE 1 52 0 1+ 38 Cd iy 4R
WA SRk R 8 R Y Cd K A b R RS

3 iTig

3.1 ‘PBREFHUITTIECIEM BRI IERE
T Cd A WA Bk JE S oK R AL AR Cd A= A
MM EENR . AR S Cd™ 7E
B A AR A L R KRS Cd TA) A L
P ARWFTE LR R, T Vb A A A
U AT AR R ML 5 X I Cd iy A= WA vk
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Figure 4 Effects of different treatments on soil physical and chemical properties

R3 KBIHURAERE CAEES TEERERHEXE

Table 3 Correlation analysis between Cd content in rice grain and soil properties

IKFEAT R Cd & 3 Cd content in different organs of rice

A HEMEIR Soil properties

AR - —
Tnfluencing factors KPR it A ZEFF WHE  LHEpH  AHUR Ak Cd A=A 3t
Grain Chaff Leaf Stalk Root Soil pH  Organic matter Available silicon Cd bioavailability
FFHRL Grain 1 0.99% 0.78% 0.71%5 0.88%%  —0.54%%  —0.74%% -0.38 0.92%
45 Chaff 1 0.76% 0.687 0.85%%  —0.53%%  -0.76%* -0.41% 0.927
- Leaf 1 0.9 0.83%%  —0.61%*  -0.75%* -0.17 0.85%*
Z5FF Stalk 1 0.88%%  —0.52%%  —0.69%* 0.05 0.79%
HEZ Root 1 -0.51%  -0.63%* -0.16 0.867%
433 pH Soil pH 1 0.59% 0.21 -0.59%%
A BT Organic matter 1 0.12 ~0.68%
3Tk Available silicon 1 -0.32
Cd AP 1
Cd bioavailability

4 RR P<0.05 ;%% R P<0.01,
Note : *means P<0.05 ; ** means P<0.01.

AT B, AR KRS T K A
T A FIRR R TR R AR E Y E & S
A Cd™ LT vE /R R ek, 358 Cd 10 A= W0 A S0k %
IR T Vb R AE R R R TG HETh RESL AT, BERS
CA* S GG A - e i CA P EEAE™ 1

1% WHART]

Y6 A0 ] ol B T 1 ] A G R A o, B SR CdP Y
MR G, 5 - S v R ) <63 Je 1 1) A% Bl 22 B BRI
45 BB SR TURE Tr 10 e AL™, B 1 Cd
A=A o RIS YRR A A DAy B i B 7
THEpH ETHRYMEOLT , Al e B TP R YR
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SRR RS TREM S EERSE K
RELFETBHES, HoFR £, 15 pH &+
T 4 JE AR A R AR I R Y Sk i
RO ARHF I R 1 HE Cd WA W A b S A
AL A B R AR, B S5 L D
FIRFM W E K E (P<0.01) . X Al RE S i T A HLE
by - R A W S B AR S I R R A 2
i, 5 Y Cd & AR AR TR R, 2R Y
TREREE , JE T 5200 3 Cd 1Y AR A bR T A R
FE T LA HEAE 9 7™ AR SR, RS 2R 2 1T R 20 i RE DY
T RT3 LAY /D FE 4 J X AR 4 10 i vk, 8 L 9
PR 1 AN v - R ) ST RE Xl R 4
J& RS G - HERE R B R AF R AR T
G FEPIRR R W xS R WA TR RE R L &
S 3 Cd A R, BRI, 15 ek FAE 2 5 7
2R VD IR Al Ab R AR PR 1 Cd A AR WA R A
F A Rt — T
32 ELSBAABESERAMKERE CAHZEN
AW 5Y K LA TR 4 @ 15 YAk S A AL L
FEEAL I e e K A AR, Hod DU AR VD A I A
121 %5 He it PR AR e f , X R TRl A A F
B IEE S AEE IR U R A VA HLIE A KR AR K AR
BET FEE AN, 7 A AR R 5y
WYIERTT AR S A B A LS
Y1 or i R TCHLAS , KA FHER S A HLT 4k R/
a3 F KU A AR W ORI TR Ak R0 B s i el
PR RFUSCR B KR Cd 1R B 8 2 AR, I P2
JETE A3 AT, R 0 2 5 KR G AR BRAR S B, A AT
AL F GE T AT T RN R A ER Y RE O 1 R
T 01 Cd 14 R AT B #E /K AN ) B 2 2 b 1432
[F] B5f Ak i 2 5 Cd ZE K R A TN A 2865 R0 LR AR T, il
1345 35 FFFRL Y CA g™, BiF9E & B, B AL b 2 5
IKFEXT Cd & 055 , KRG AN R B Cd & 4L RE 1 %
&2 8K . BCF x>BCF = >BCF o >BCF 4.4 >BCF gy ,
KNHEFY R WA O B 25 o B &R Cd & 452 , NOCITO
SV S IR B N - 5L F B AR N 1) Cd A 49%~
79% FELE TAE AR TR . T1FI T2 Wb FEK FG AR 2R o 4
Cd (AT T3 Zb R, 33X AT BB 2 1k BE A% 76 A P 4
HEFRICRR , 158 /K R AR BB % Cd f 3% A, BR 1 C.d i 1ok
Jo AMARIZ i ik AR R A M R
33 EYEBOABARAZUERREEARY
IR AAF T, N[ i Ak Ak PR 6 X6 Cd V5 e £
B EABORAEE 22 5, AW R, 1. T2 T3 kb 3

WA 3 Cd 19 A= A S80PE FUOK AR AR R Cd MR FE 43 531
e B R E 27.79% . 32.18% . 219.21% Fil 10.88% .
18.36% .30.38% , -5 15 52 AL 3 T1 AL B fe
T1.T2 FT3 kb P 4 A R0k A AT O B3
B, 5 AR ORI AH LA, 43 IR AIK 68.819% .9.18% Fil
16.42%; [F) CK &b BRAR &, T1 A1 T2 40 B 43 5] 34 1
541.25% F1605.6% . HEFET1 T2 F1 T3 4b# 1 A HL
JoT % B R RE AR 4 O S i 8.63% . 4.28% F
3.31%, i H 43 o i A5 2 ol st . L AR I 5
25 LB, B A VD Ak K R SCAR IR RL Cd 5 4y
5174 0.20.0.26 mg- kg™, i T1 F1 T2 Ab B FFF5 7K F b
L Cd 554394 0.18 mg-kg ' F10.19 mg- kg™, Wi 553
)k 0.20 mg - kg™ F1 0.23 mg - kg, Cd ¥ J&F B K
10.00% #15.00% .23.08% 1 11.54% , B & 5tk Jr 62
ORI B GE A RCRAR R R . IS A I
A FHRE A A8 H KR 2 [ Cd fL i , 7
VIR A A A T VR — R AR A R Cd T et
B AR N B AR, A0 it FH A2 v i
A RS AR AN AR Cd T3 Yl H L3 2
B T AR A R A K e A VDA
KABH T PRI EEI T B 7 8, AL RE RS ek
HHEELE CAMBE R, I BRSNS - i, 12
TSR AL, A RSO RME G AL B E
AN X F Cd TG Ye R T A& 52 i AL HoA E %
IENETIE =2 (N

4 i

(1) AV 5 A4 At X Cd B RR0R &
ST 3 pH (A, B AR IK R AR B 13 Cd i A=
WA Bk

(2) %2 b 55 160 44 Bk A it FH nT S 2 B AR K R Cd
1) 4 R BB BUE , I AKX Cd iy R I , 48 e
WL 4k

(3) & Vb 5 it A At R4 R R Cd s 2 L 1
FRBIK . &Y 50 a8 AR MR E1k
R B A SRR 0 R K A AR AY Cd %5 5 0.20 mg - kg™,
FHE(EMZEEZ A &5 YR E) (GB
2762—2017) b, 72 V0 5 g A Rt AT A Sy —
FIA RS B Cd i e A G0, B — e A
FE N A E

Bt - B AR 2 B R R AR DT M AIE ST .77 1
P ptmds SRR O
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