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Effects of Different Amendments on Soil Cd Forms and Cd Uptake by Chinese Cabbage in Cd—contaminated

Calcareous Soils

LI Dan, LI Jun-hua", HE Ting, MENG Pei—pei

(The Key Laboratory of Oasis Eco—agriculture, Xinjiang Production and Construction Group/College of Agronomy of Shihezi University,
Shihezi 832000, China )

Abstract : Soil amendments influence the forms and plant bioavailability of Cd in soil. In this pot experiment, Chinese cabbage was grown in
different materials amended soils containing 0.3, 1.5, and 3 mg Cd +kg™. The amendments were biochar, chicken manure, humic acid, and
sepiolite. The growth, biomass and Cd content of plant and the soil Cd forms were measured. Results showed that cabbage biomass increased
by 42.7%~79.8% by the highest amount of chicken manure as compared to the control. At 1.5 and 3.0 mg Cd kg™, all amendments in—
creased the Cd content of cabbage, with exception of sepiolite at 1.5 mg Cd+kg™. Amendments significantly affected Cd forms. Soil Cd was

" soil. However, the major forms of Cd were exchangeable and car—

mainly exchangeable and Fe—Mn oxide—bound forms at 0.3 mg Cd -kg~
bonate—bound Cd in both chicken manure and humic acid treatments. The sepiolite treatment increased the proportion of residual Cd and
organic matter—bound Cd. Correlation analysis showed that the Cd content of Chinese cabbage was significantly and positively correlated
with exchangeable, carbonate—bound, Fe—Mn oxide—bound and organic matter—bound Cd in soil. The Cd content in Chinese cabbage was
also highly correlated with soil total Cd.

Keywords: Chinese cabbage; Cd uptake; soil amendment; Cd form
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Table 2 Experimental design

ozl ALl BA¥E C L
Treatment Soil A Soil B Soil C
X Check(CK)/g-kg — 0 0 0
X 5 (JH) 30 30 30
Chicken manure(J)/g-kg™ R(JL) 10 10 10
EieTid #5(FH) 15 15 15
Humic acid(F)/g-kg™ & (FL) 5 5 5
WA = (HH) 15 15 15
Sepiolite( H)/g-kg™ {(HL) 5 5 5
X =(BCH) 15 15 15

Biochar(BC >/g'kg'l MK (BCL) 5 5 3

Tessier 3¢"Mi% ZEHR UL % T R 70 52 i S
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AR S A AT R ERIE A & i, A T Y RIIAY
B S
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PIEE S = E M, R SPSS 13.0
F1 Microsoft Excel 2003 {4 Xt 55cdli 4 143 iy FAL 3L,
W 2 5 2243 BT Duncun 3 22 5 Fb 45 45 A0 B (0] ) 22
SR M (P<0.05)
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Table 1 Basic physical and chemical properties of soils

-4 Soil 5 5eH Cd content/mg-kg™  HHLUE OM/g-kg™  pH  Bl{fi#%A Avail. N/mg-kg™ B Avail. P/mg-kg™
IEH 1338 Normal Soil(A) 0.32 27.42 7.36 47.73 46.32
{57 & i 145 Low Cd content soil(B) 1.50 26.61 7.47 46.57 42.18
A& & 4% High Cd content soil (C) 3.10 30.24 7.50 49.91 43.95
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A, B and C represent normal, low Cd and high Cd soils, respectively;

Different letters within a soil indicate significant differences(P<0.05) between treatments. The same below
E1 AELELEATEALRFAGNEETE

Figure 1 Effects of amendments on dry weight of Chinese cabbage in different soils

xR 3 EAAREKRFI/NA M LR EHFN (mg-kg')

Table 3 Effects of soil Cd content and amendments on Cd content in Chinese cabbage shoots(mg-kg™)

35 JNFISEH R4 & i Cd content in Chinese cabbage shoots

Soil CK JH JL FH FL HH HL BCH BCL
A 0.191a 0.159a 0.086a 0.093a 0.094a 0.115a 0.086a 0.069a 0.062a
B 0.699bc 0.866h 1.182a 0.831h 0.821h 0.550¢ 0.493¢ 1.248a 0.834h
C 0.636d 0.648d 0.825hc 0.660cd 0.831he 1.197a 0.932bc 0.943ab 0.967ab

T 2 Al —A T BN 7 B 2R 4% AL T ) 22 57 (.25 (P<0.05) . I

Note: Values followed by different letters within a row are significantly different at 0.05 level. The same below.
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Table 4 Effects of soil Cd content and amendments on Cd uptake by Chinese cabbage shoots( g pot™)

413 NI B EBARI ISR Cd uptake by Chinese cabbage shoots
Soil CK JH JL FH FL HH HI, BCH BCL
A 1.112b 3.003a 0.652hc 0.748hc 0.788bc 0.842hc 0.621hc 0.510¢ 0.408¢
B 4.780¢ 9.404a 10.335a 7.470b 4.787¢ 3.616cd 3.048d 7.412b 4.870¢
C 4.769d 8.568ab 7.566abc 5.711ed 7.530abe 9.593a 7.174be 7.471abe 6.994hed
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Figure 2 Effects of amendments on Cd concentrations in three different soils
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Figure 3 Effects of amendments on distribution of different Cd forms in soil at plant harvest
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Table 5 Correlation between soil Cd forms and Cd content in Chinese cabbage

LEEE 3 A BRERAILS BRRREATE AN Bt s TIEESHR UNEES raiy

Correlation Exch FeMnOX 7 Carb oM Res Total Cd  Cd content in Chinese cabbage

A2 Exch 1 0.814%* 0.838%* 0.776%* -0.598%* 0.959%* 0.636%*

BREGEALZS FeMnOX 1 0.765%* 0.777%%* -0.625%* 0.935%* 0.559%*

BRRER A5G A Carb 1 0.663%* -0.274 0.853%* 0.630%%*

LA OM 1 -0.503%%* 0.823%#* 0.566%*

BRI Res 1 -0.651%%* -0.368

-3 B4 Total Cd 1 0.648%*

INZELER 1

Content Cd in Chinese cabbage

TE o FORA AL BRI B E A (P<0.01) . n=27,

Note: ** indicate significance at 0.01 levels. n=27.
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