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Cadmium Bioavailability in Soil-sugarcane System
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Abstract; The relationships between cadmium(Cd) bioavailability in soils and Cd concentrations in the roots, leaves and unpolished stalks of
sugarcane were studied based on field investigation and the ICP-MS technique. Sugarcane samples and rhizosphere soils around them at 18
sites in Guangxi Province of China were collected and the concentrations of Cd were determined on acetic acid(HAc ), ethylenediaminete—
traacetic acid disodium salt(EDTA-2Na), magnesium chloride hexahydrate (MgCl,) extractions, and by diffusive gradients in thin films
(DGT). Although simple linear regression analyses between concentrations of Cd in plants and those in soils measured using DGT and chem—
ical extractions showed very good fits in both roots and unpolished stalks, the correlation coefficients of those obtained by DGT were higher
than those based on chemical extractions. Multivariate analyses were used to assess the impact of pH, cation exchanged capacity(CEC), soil
organic matter(OM% ) and texture, two principal components were extracted and the linear regression models were established. These results
indicated that the multiple linear regression of the DGT measurement quantitatively incorporates the main factors affecting the bioavailability
of Cd in soils, predictions of the DGT model were hardly affected by the physical and chemical properties of soils chosen in this paper. The
bioavailability of Cd in soils could be predicted more accurately by DGT than chemical extractions.
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Table 1 Selected soil characteristics

Soil pH OM/% CEC/cmol kg™ Texture Total Cd/mg-kg™
clay/% silt/% sand/%
1 7.01 4.07 15.10 18.45 10.71 70.84 0.16
2 4.07 2.99 14.10 20.89 22.14 56.97 0.84
3 5.93 3.56 14.75 28.97 16.90 54.13 0.22
4 7.41 5.84 16.17 16.93 17.17 65.90 0.26
5 3.86 2.55 13.19 36.72 20.14 43.14 2.70
6 5.84 6.07 14.21 29.17 13.93 56.90 0.24
7 4.62 5.62 14.26 841 67.31 24.28 0.48
8 5.49 5.04 14.34 35.71 13.93 50.36 0.47
9 5.94 3.03 15.12 23.93 54.68 21.39 0.30
10 6.73 3.91 16.10 25.59 35.72 38.69 0.78
11 6.78 2.97 16.10 30.07 35.87 34.06 0.36
12 6.62 455 15.13 18.83 42.34 38.83 0.85
13 3.94 4.49 14.31 21.97 23.93 54.10 0.30
14 3.88 1.62 14.47 21.84 20.71 57.45 0.67
15 6.68 2.84 14.77 15.02 25.08 59.90 0.30
16 4.60 4.68 15.03 15.29 31.48 53.23 0.38
17 6.19 5.70 14.30 38.14 51.24 10.62 0.61
18 5.52 4.72 14.89 18.10 16.41 65.49 125
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-O- root Cd
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Sites in Guangxi Province, China
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Figurel The accumulation of Cd to sugarcane
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Table 2 Mean values and standard deviations of bioavailable Cd concentrations in selected soils

R chelex100-DGT/pg- L™ EDTA-2Na/mg-kg™ HAc/mg-kg™ MgCl/mg-kg™
R Thmm wmz Ve me PRE GRE PHE hkE
1 11.67 0.10 0.02 0.01 0.04 0.02 0.02 0.01
2 24.75 0.39 0.13 0.02 0.13 0.03 0.19 0.08
3 14.84 0.32 0.08 0.03 0.05 0.02 0.04 0.01
4 4.64 0.14 0.02 0.01 0.03 0.01 0.03 0.01
5 52.72 1.29 0.36 0.10 0.47 0.16 0.33 0.05
6 8.86 0.09 0.03 0.01 0.02 0.01 0.02 0.02
7 12.32 0.19 0.06 0.02 0.08 0.01 0.03 0.01
8 2294 0.50 0.18 0.06 0.02 0 0.12 0.02
9 14.66 0.22 0.08 0.01 0.11 0.01 0.07 0.01
10 6.31 0.19 0.03 0.01 0.20 0.05 0.04 0.01
11 10.75 0.30 0.04 0.01 0.20 0.05 0.04 0
12 12.53 0.19 0.05 0.01 0.15 0.03 0.06 0.02
13 25.77 0.17 0.07 0.02 0.08 0.02 0.05 0.01
14 22.63 0.54 0.14 0.03 0.04 0.02 0.05 0.01
15 9.89 0.22 0.03 0.01 0.05 0.02 0.05 0.02
16 20.64 0.07 0.09 0.03 0.11 0.10 0.09 0.04
17 15.58 0.21 0.06 0.02 0.14 0.02 0.04 0.01
18 18.14 0.27 0.18 0.27 0.14 0.01 0.07 0.02
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Figure 2 The relationships between Cd concentrations in sugarcane roots and labile Cd in soils
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Figure 3 The relationships between Cd concentrations in sugarcane stalks and labile Cd in soils
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Figure 4 The relationships between Cd concentrations in sugarcane leaves and labile Cd in soils
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R3 AE2S O EES 4 MW ERIE Cd ARES
EMAXREH(n=72)
Table 3 Correlation coefficients obtained from linear regressins of
plots between accumulations in sugarcane and different

measurements of Cd

£525(Cd) chelex100-DGT EDTA-2Na HAc MgCl,
Gics 0.73%* 0.75%* 0.61** 0.69**
= 0.97** 0.90%* 0.67** 0.86**
m 0.73** 0.61** 0.49* 0.63**

o R S BIRFENERE <0.05 Fl a<0.01 BEKFE,

FHRFREERGR , ASCE SRR IE PR ES R A
YWARHER TR RS (1) ; 258 — F 853 -5 OM Fi+
SERPRLZE A2 ) AR SRR BER R , AR SO SRR T3
H I E SR A YA AR B HLER” (0).
12 T A5 181 H 43 Ak 43 R W A 3 AL A3 X 4
R BT AR B HIEARES Cd B S AR 25 7]
B Cd 5 & (stalk-Cd) Z [A] R R AR, FE 2
SEZ TR, B E RS F 4 R AT T kR
B HEARES Cd 5B S 68 25 TR
i Cd W ERERBERIEXER, NRERBK/ND
& ,DGT> HAc = EDTA-2Na > MgCl,, DGT £ Jt[BlIH
BER (7 DF R T WA E S B 8952w, 3 Fiik
2 ERIEA A Cd ZITEIEEER (52 2~4)
FEHBE—F RS E R,
stalk—Cd=0.01chelex100-DGT-Cd-0.30(1)-0.42
(0)-0.24 (R*=0.97™) (1)
stalk—Cd=0.28 HAc—Cd-0.90(1)+0.12 (R?=0.94™")
(2)
stalk—Cd=0.50EDTA-2Na—-Cd-0.07(1)+0.10

(R?=0.94™) (3)

stalk—Cd=0.48MgCl,-Cd-0.08(1)+0.11
(R*=0.93") (4)
3 3tig

3 Pk HR L Cd A9 RE S K/ A HA >
EDTA-2Na>MgCl, X525 B Z5 2190 Amit 25255745
R—3, TR SRIGIIRIEE A X, HAc BB
FHIERIME G ohil , B EE SRR IE S E S
J& % A S REIRBN , DR B AR 5
AR ER A IR G . MeClL JB T b Ak , 12
B EE N MSE LR, BARN H R LABIR
/N, (B AR AR AR | 3R Uk B K A B R Y
A JRABE R0 E R MEY, T EDTA-2Na JB TEAH,

R EBE LS TKBESREADER NEHE
BB F AR, (Bt — SR RE A BT A B
HER B TR R,

&M T R RE RS ELER
DATI - E 4R A A AU, R TR A
ARFEYIX B 4R MBS , TN 2R 2GR e
REBUR A RS R TR R BB — 4. T H, &
R bR T $RELRE /14, IR E S R B
BIATA BIAFAAESEME , SR AR SO i A s
Cd PF 5209 B B FZ AR g NERE 25 &
AL Cd FES &P BRI Cd FEMEXR
BOokE , BRI ZE>R>m, Tian W5 N
B, KRB SRk S Cd & & 5800 428U Cd
ERMRARREIE, WAV S H R FREHME
Y, EWBUFERIBR Tt B A KIEFESN, 2R
SRR SR , T B R B AR TS, H R ihF
RS ERBR MK, DR ZE e R R, K
BKAF MR T AESk BOBE5Y , 1 RS R ERA BL A B 22
PE XA A 3 SRBGAR I E 48 11
BRUEE B S5EY A HE MR R X F [ —
FAR 3 R SRR VEI RIS 2,

DAASHI ST B e B R 9 - 4 AL F5 4R (pH B
MU HUBRALAL . CEC %5 ) 280, 47 £ o B 745
M, BEEHS PR 32 B3 R 7 5 DASREBCHE A P b 3 A 43
70 4 Rt i RBUNA A Cd 52 ASH,
SR TR K ENE ST, BN T Zon R A s
45K, DGT BRI o £ S50 5 H e &3
43 Cd 2R BEFIEX R, T 3 Pl ik i
BRI, LA — 32500 pH #1 CEC 5 HBER
B Cd B BFRIERER, e LA, 3 F
127 B IR B A S Cd & B 1952 - e iR

JEI, DCT B A KA Cd HRILFAZ T
A BRI TR A R

4 FAAT BRI Cd ARSEBRERS 6
25 BN Cd HrEAR L EM B EML, {2 DCT 447
PR R B A 3 Mtk m . BT M E R 25
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FHULEHE 25 2B, 7T 0, 4 Fp otk
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Hrp Cd &5 B 22 18] 5K 2R Y AH oM R/ IMR IR : EDTA-
2Na>chelex100-DGT>MgCl>HAc(4R ) ;chelex100-DGT>
EDTA-2Na>MgCl,>HAc(Z£ ) ; chelex100-DGT> MgCl,>
EDTA-2Na>HAc(H),

Q)EMEB M EMHPCAERES 4RI
BAREU A RS Cd SRR B E SR B,
MAHRRBORE, 6825 KA Cd SES &
FEEREUY Cd & EAAAELL TR 210>t

) FEW e REN , 13 pH AR S & .
CEC F1 SRk & 25 B IR AR 4R BON PR 3
5B F,pH 1 CEC 5% — F B0 SRR EE S,
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(4) MR ST A9 2 JT E] A B AR Y , DGT £ In i
AR RS T 13 pH CEC A ML AN+ 58 i b 55
o T EAARES Cd & 21 ERE IR 24, DGT
FAR BN E L5 RILTPAZABIG Pk B 3 EA
FRALFRBR R T 3 R4 HT 5 ¥ B 2 e Tl s
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