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Effects of exogenous sodium sulfide on cadmium migration and accumulation in soil and rice plant systems
GUAN Di, WU Jiamei, LIU Zhaobing, CHEN Shan, JI Xionghui"

(Hunan Academy of Agriculture Sciences/Key Laboratory of Agriculture Environment in Middle Reach Plain of Yangtze River Ministry of
Agriculture/Key Lab of Prevention, Control and Remediation of Soil Heavy Metal Pollution in Hunan Province, Changsha 410125, China)
Abstract: This study aimed to explore the effects of exogenous sodium sulfide application on the morphological change, migration, and
accumulation of cadmium (Cd) in soil —rice plant systems, which could provide a practical sulfur fertilizer application strategy for the
passivation of soil active Cd and decrease Cd content in grain. The study used soil culture and pot plant experimental methods to measure
Cd migration changes and the accumulation in a soil—rice plant system with different application amounts of sodium sulfide. The results
showed that rice yield under the 0.1 g+ kg Na)S treatment was significantly increased by 59% compared to the control. With the
application of sodium sulfide, Cd accumulation in the organs and tissues of the rice plants was efficiently decreased. In the 0.5 g+ kg™
sodium sulfide treatment, Cd content in the roots and stems decreased by 76% and 70%, respectively, compared to the control. Among all
the sodium sulfide treatments, Cd accumulation in grain was the lowest in the 0.3 g« kg™ treatment, which was decreased by 68%. With
further increase in the sodium sulfide dosage (greater than 0.3 g-kg™), decreased Cd content in the grain showed no significant difference.
Therefore, appropriate sodium sulfide application could effectively passivate ionic Cd and DTPA-Cd content in the soil, and the passivation

efficiency was 55% and 17%, respectively. It is speculated that S* had REDOX reaction in the soil environment, and the sulfate formed
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alleviates the increase of soil pH to a certain extent. In brief, adding 0.3 g+ kg™ sodium sulfide could increase crop yield and effective in

immobilizing Cd and inhibiting translocation of Cd into the grains, which is the optimum choice for soil Cd immobilization.

Keywords : sodium sulfide; cadmium (Cd); rice; soil; accumulation; migration
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Table 1 Cd average content in passivation agent(mg-kg™)

TiH AR RERRES itk SYEARIE AT HLAL GRES AR
Ttem Magnesium hydrate(A)  Calcium silicate(B)  Sodium sulphide(C) Animal organic fertilizer(D) Dairy manure(E)  Quicklime
Cd i 0.09 0.25 0.10 0.14 0.39 0.11

WFSE T 4 AL B A FRA R
1.2 iRg@ &t
1.2.1 kgt

TR Ry DR 20 T, e IR R (A
AAL A) BERRES (REAE B) (i Ak (C) A LR (3
WA PIED 438 E) 3 6 A~ b B 5 554> ik B CXF BE B
AP )L 3 AN [l Ak Rt A, B2 3 Uk, HLAR it
LR 2, FREC100 gak i - 58, R B A 1.0 mg- L™
CACL¥ W, KB 51 (W e 1:1.5) , 24k F
730 dJ& MK AAR Rl AL A L, i dE 3 5],
JECE 3% s (R RS 3% 7 . 14 d, 2R FH G B 7 S BB 3
(295 mL) 2 0.45 pum GAL U8 B 5 FF DU 5 AH b 2s 1T
HE, TH Al Al b ) B 5 2 6 - 3 P Cd i B4
AR W B 7 16 A i 0 R At A i e et ) A e A
BV F Akt . BT AR T .

AR W B 6 (X, g = g7 = {25 6 B 388 v
Cd B9 (g L) -5 AL PR B Cd B
(g LTINS s AR (L) )/ R] — 2 AR ] 541
HEAE R 2 A ()]

1.2.2 ZakiA:

25 PN 3 SR 4 R B2 R AR AL AN S —
BEALRCR m e R 3R R UisE s, s — Akt
Rl I KRR B R . AR o R T ik
Th, B A PO R e RS 3 b B, BN b
PR B 3 AN [R) e B it P it (LA R 2 L3R 3) ,
3., AR A A 25 em (5 ) %20 em ( EH
172 RELLS kg AR Cdi5 5 3, in AR 7 i 4 19
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Table 2 Application dose of passivation agents

BlAL T, AR A 4 [ 3SR 4 f A bR, kTS
T IR E N Ny 4~5 F (R AR, A BB T 2
2 LR R H a0 it FH o (B Wit FH 150 kg N 75 kg
P.105 kg K) i 2~3 i, BB T3 A 0.4 g IR 3R .0.15
g TAAfL 0 . 0.25 g Uk, B Atk B RHE
SJJEIMAE B TR 5] e 2 A JS R ik
5 em A4 KRR R A AL (L J8- 207 5 e
Jiti /b i PR 2, A5 A BRI A5 B AR R — B0, R KR
HURE
3 AHABRELERE
Table 3 Dosage of different passivation agents in

each pot experiments

AbFR JH+ Dosage/(g-kg™)
Treatments 1 2 3
CK 0
NaaS 0.1 03 05
CaO 1.0 3.0 5.0

AbFR Jifi FH i Application dose/(g-kg™)
Treatments 1 2 3

CK 0

A 0.4 1.3 2.7

0.7 2.7 6.7

0.1 0.7 1.3

D 0.7 2.7 6.7

E 0.7 2.7 6.7

1% WHART]

1.3 HFmEERSTH
1.3.1 FEhRAE

KRR R K K R R IR | [R] B R A o
e KRERESL SIS A R K A4k i Pk, 105 CR T
1 hJ&,80 CHETZ4E T it , il sk R £ dH 2 E (AR
SR R A, AR P R AL S OB K, BT
e 4 )m &k, RIEEAESENXKT S 0.8 mm AL
7, M3k pH AT L3345 00 Cd s [ IF K R B3 300 T o7 s
W+ 8 A SR FLA (Eh) .
1.3.2 MESetn 5 ik

IKFEA LR B A R R (B K R
i &b 20K BE ) (GB 5009.268—2016) ]
FE Cd B &t I F N ER - SRR TR A AL BE, A
P AL (Mars 6 CEM, 35 []) HP A7 4 5 1 A L 14 i
TR VBCR FH R A 45 B RS (i Cap—Q 1CP-
MS, Thermo Fisher Scientific #£ 20 K /R BH47, £ H)
HEAT A B k. A% A < 4 A KED Bt T X,
CCTEMFHE N 4.5 mL-min™ , B (ES) I HE 14
L-min™, 4% B 2 3 ECH 150, W3 ) 78 D) &%
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Figure 1 Cd content in the soil solution under different passivation agents
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Figure 2 Biomass of organs and tissues for rice
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2.3 AEFIEFHMAHITATEH CARIEBREX T
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AT AR Cd P28 & e AR I 15.9 1%, 250ty 4.4
LA ALY B E R CATES AR T R LR
(P<0.05) .

MEH CK AT &2 23.90 mg- kg, 1 g+ kg™
CaO ZEFRYR 2, FA 419%(P<0.05) 5 AL A 3 AN R 5]
AL PR Y IR AR 68% . 74% F176%,3 g-kg™' CaO ib B
R 83%, 5 g-kg™ CaO b F Cd AL B A% (K] 3a) .
R A AT CA LB A 520 mg-kg', 5 g kg
CaO i fik (0.24 mg-kg™") , FEAL 95%; Fk K 3 g+ kg™
CaO Kb B, % Cd 203K 90% ; AL A AL R Cd 71 2
et it it FE ) S 3 I i B AT, B AT G A1)y 429%0~70% (4]
3b). AP CdBRBH G R, 2 AR Cd
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Figure 3 Cd accumulation in rice organs and tissues

Cd &5 0.9 pg ke, FEAK 55%(P<0.05) K H 7
73 B BEAR 18% .29% (P<0.05) ; DTPA 2 HUAS Cd 57K
P AR L B[R], 25 X R AR PR A+
DTPA-Cd 4 0.45 mg ke, Bitfb AL BE T DTPA-Cd 1%
WA BRI, 45 5 AL BER DTPA-Cd F# AR 17% 42
A EAES AR | 35 DTPA-Cd HUAFI A 38%~43%
(P<0.05).

+HEKHEEUES Cd DTPA $2 U Cd & 5 4
pH 35 5 B 3 A G, K $2 A Cd 5 pH 24 2
AU OC, AHOE R 3R R x=0.89, Rorea=0.86 (&

R4 AELETKREREARAE CIEERY
Table 4 Cd migration coefficient for the rice organs and tissues

under the different treatments

Tim 25 Na.S/(g-kg™) Ca0/(g-kg™)
Transfer coefficient 0.1 0.3 05 1 3 5

R/ HE Root/soil  22.11 7.01 560 5.28 1292 3.66 1.66
2L/ 43 Stem/soil — 4.84 276 1.80 1.44 156 047 0.22
T4/ Grain/soil  1.57 077 050 0.56 028 0.03 0.03

ZEM/AR Stem/root— 0.22 0.39 032 027 0.12 0.13 0.13
FEAE/ZE0) Grain/stem 032 028 028 0.39 0.18 0.07 0.14
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Figure 5 Cd concentration and its correlation with pH in different extracted states of soil
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Table 5 Correlation of soil pH, Eh and Cd accumulation in soil-rice plant system

2570 Type Eh pH DPTA-Cd Cdores 5 F25 Cd Cdion e K Cd Cd e 25 Cd Cd e MR Cd Cd
Eh 1.000
pH -0.142 1.000
DPTA-Cd Cdyy ~ —0.071  —0.855% 1.000
BITACd Cdipawe =0.180  -0.896%* 0.8947% 1.000
K Cd Cd e -0.126  -0.766* 0.9317%% 0.914 1.000
25 Cd Cd e -0.097  -0.770% 0.874% 0.936%* 0.9817% 1.000
AR Cd Cd 0.147 -0.535 0.617 0.696 0.824 0.873% 1.000

T *7E P<0.05 7KFAH G B8 35 5+ 4E P<0.01 KA G b 2

Note: * means significant correlation at P<0.05 level; **means significant correlation at P<0.01 level.
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TE—E 225+

SR IR o, B TR AL AR i T d S
g, 14 dJ5 AT BT R ARG T 4k X 6 - St AL AN )
R AR PR B 12 Cd B 5 T DTPA 25 Cd; 23 pH
WAL AL B ol FH B A I S BT a3, 5 CKARBER
L pH AR U TC B35 22 5 45 R S B A R ST 4
AR, 25 b e S* 7 R A S AL I A
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