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Table 1 Selected properties of tested soil

bt T3] B E-EiN pH CaCOy ZE#|¥ECa Tk
Soil type Texture OM (H0) (gke™) Exch. Ca CEC
(kg™ (cmol(+) kg ™) (cmol(+) kg ")
5f | 12 5 16.0 6.05 b 5.2 12.6
1) KM
1.2 EMRE

FREL T3 100 g, M 4622 4l CaCO0s 43 511 3% 0.05%. 0.1% #1 0.2% B HEf (W/ W) A F) -9, 3% Cd
20 mg kg ™' L H BIMA CACL I, R 5 B R A0 CICL AN CaCO,MALBAE Hxi M, EXH 3K, HRE
25( + 2) CHIY 80% I H 1) 5K B (HK AR 20%, RAFEEIIKS, §REK) FHH 60 X, K
F, WE 13 pH, EAR A+ Ca** Fl Cd* * W, HHE CA B4R,
1.3 #EAW

R 1kg 133 A 10 cm % 10 cm MBEHEL ¥ CaCO, M CAOL B 5 TR S, B i CaCO, b
BARRES CAERM 1.2FHFIAK. EHUBREXERE-KEBA.E kg TRFIEARSFIHAN
0.16 g, P 0.06 g, K 0.1g, S 0.06 g Mg 0.04g. EX 3 K. T 25( = 2) CH0% HMFHKRT ¥
W2 AS, B EX (SR 208), BREM 6 %, EEBRAE 3L 18~30C 4 80% HEFKRT
K A5 K, R E ST, WM F K%, 65C FHRT, BE, ME &L Ca.Cd £ RAEHY
AR,
14 MEFH*
141 TREMBRANHE  LBHIR(7].
142 TWMCABELSH SRAHSYH Ma SRR AN T ERE K, RSSO &, Bk
BT

82 TMCIMESIRRERBN Y %

Table 2 Method of sequential extraction for fractionation of Cd form

biA BN #ETR
Form Extraction agent Operational procedure in brief
| =B 0.5mol L™' Mg(NOs);, pH7.0 B H10:1,25C %20, WL K
I HHBEHE 1%Na;EDTA-1mol L™ WtH10:1, 25T B 2h, W5 K
NH,OAc, pHB8.3
I BMiESEES 0.5mol L™' NaOAc—0.5 WLl01, 25C RSN, MWLM
mol L' HOAc, pH4.74
NV EELYELS 0.175mol L™ (NH.)2C:04-0.1 WL H10:1, 25C % %3, B-L 4K
mol L™ H.C:04, pH3.25
V ANESE 30% Hy0;, 0.5mol L™' NaOAc AR, W HH2.51, 85CHKTFH
-0.5mol L™ HOAc, pH4.74 2% BHA0.5mol L™ NaOAc—0.5
mol L™' HOAc, #tHi10:1, 25Tk
#1h, MWLM

Vi ARES ERCIRE = LREEHCIRZ
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143 Y Ca. CAHS 2 & % M Antonio FT R A K&, RAEZEWF K. 2molL™' NaNO,.
10%HOAc 1 2 mol L™' HCl ZG# 8 ¥,

144 WYL Cafe CdBERMMA  RA HNO-HCIO,BA WL,

145 CaCdeaBRAMME  LHMEYWHELS ERRBIEHALERS,Cafl Cd FBYRARTRIL
e RETTME.

146 HMIE WM.

2 ZER5iTE

2.1 #MN CaCOX LM Cd UK MG

BELTRCIATGARLES. KBS AR KRGS AIE A EMRAREEA
40810, 36736, Ma fl Urhan 3R i EDTA #3958 MR B EL45 4 S04 B £ R E cd”.
HTFEHREEY CAAES 5 — R B FXERA, Sh bR CdEEHR—FF X, B
Zit s CdERE —ERHERY. AXHMERSRFTEEME¥NT EDTA B4
G, AL HREE Cd IBMEESE Cd RBIFFkR, %3 R, Y CaCO,RMBHTH
nE 0.2% 6F, XA CdH 7.2 mg kg 'FEEKB) 3.3 mg kg, M EHBM CdH 6.1 mgkg ™
WP 84mgkeg L, BHEEESCdH 27 mgkg ' MPB 36 mgkeg L RAECdH
3.0mgkg 'HMEF 3.5mg kg, KREL S EMNANLE SR CAMNELATE, Krebs 15
i, Cd 15 % + 3 4 5l A A K, NaNO B R 1t Cd B/, s s iy R R — A it FH 0K,
1348 pH 32 8, 3% T 67 T b, AT A0 xR Y S A M 1Y, AR B R B R
MEFERHF LR CAMBHEBLUEH L THEMENKEESS CdlEm. £T
EDTA AT R EUBZERME, M ARRSROEHEME TEEARERERE, B
HHN, RERMERTSHERME TR R ZERRE, AN EDTA BB Cd#m; £
THRRELEEE Cd T B M T RIE R, B0 CaCO,f5 L3 pH 3% in, % pHIE N E) 6.7~
6.8 Bf, 13 Mn?* # Fe* FF # 7K & Mn(OH) A1 Fe (OH),"", AT #4507 Fe. Mn 4k
M5 Cd LS.

HEEHMRTRA, SERMRLWIGE, BER T RZHRE Cd S BBIR, MANE&EM
BREAS IR, NAHHEYRARMEY T2 WRE WA IYE, R#ZEE Cd
BB A Cd, FEEY CEHRKRE) MR EAERH TR T EMRER, & REBLUE
., i T RERRMBEH Y, RERELRE D, 5B CaCOLE HWZHAE Cd &
EH Cd &% 39.3%, WA CaCO,LEH M BEAE R 5.17%", 2 #e7& Cd M FEWEE K T 4 L 5
SR, X TR 5O IK TR B v R RS SR ) S K B (35%) R A X A, B AK
BEMEL A LREMESAISCAER AR EREZHETHME LR LN Fn
CaCOMMEE SR CIETEY M, XEREATR P EHRKM Cd MRMILL
ERCAXRFRAX, ARTRIBESHARSZRFHAX, ANEZHHEYHE
.,
22 FN CaCO, il pH RMMMEA [Ca’* 170 [Cd** 1KMW

SRR 4R B B Ok B S G T R O b B B R X B TR LYY, T 4% pH
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Table 3 Effects of CaCO; addition on distribution of Cd forms in soil

£ ] ZHREC  EFHEMSC BRHELABC KEEADC AHEHEREC BARCd

Treatment Exch. Cd Specific adsorp. Cd Carbonate-Cd  FeMnO,—Cd OM-Cd Resid. Cd
(mg kg ™)
A CaCOy 7.2a 6.1d 0.52 2.7¢ 0.5a 3.0b
0.05% CaCOs 5.8b 6.9¢c 0.6a 3.0bc 0.6a 3.1b
0.1% CaCOs 4.5¢ 7.6b 0.7a 3.3ab 0.6a 3.3ab
0.2% CaCOs 3.3d 8.4a 0.7a 3.6a 0.6a 3.5a
LSDyos 0.80 0.42 0.22 0.32 0.16 0.26

MEELWT Cd** & WP TR, % 4 BIET R, BE CaCO A By i, +3% pH. 1
FREA [Ca’* 1 & [Ca’* 1/ [Cd* " 1B EHM, [CA T IWBEMRD. 58 CaCO L LK,
CaCO AL BT =& 4> 513 1.0 1 pH BAY, 2~ 3 f5H 6~22 1, FE MM EIFKI 1/ 2
~1/7. %f¥ Naidu \A, L pHF+ &, HH T Cd&** + HO = CAOH* + H* R Rifa A i
17, CAOH* M FETE, A | T 5 i TR F B 4 & ™'5 Andersson I\ CaCO F&IX Y Cd** R
RIRE R Ca** M Cd** I 38 SR RRBUAL S RATA BT AT SR, BEARER Ca’ " WREH
Wi, MR CE R ESIREH T RBIME. AIHFR o B i CaCO, BT FE [Ca®* 170
[Cd** [ e 4k 0 ¥ HEE R B AR R 21 Cd 9 Rk,
®4 EM CaCOF LM pH R MAMEA (Ca’* )8 [Ca** IOK IR

Table 4 Effects of CaCO, addition on pH and [Ca’*] and [Cd’*] concentrations in saturated extract in soil

43 ) pH SRR H[Ca™"] AR B RCA ] AR B ([Ca ]/ [Cd]
Treatment [Ca®*] in satur. extr. (Cd**lin satur. extr.  [Ca’]/[Cd**] in satur. extr.
(mmol L™") (pmol L) (10%
A IMCaCOs 6.05d 0.21d 0.41a 0.5
0.05%CaCO0s 6.45¢ 0.48¢ 0.21b 2.28
0.1% CaCOs 6.75b 0.58b 0.15¢ 387
0.2%CaC0; 7.05a 0.68a 0.06d 113
LSDu.os 0.10 0.08 0.05

2.3 M CaCOM EHEMRHN Ca. Cd RUHIE I

#£ SR, 5RME CaCO,LH K, CaCO LLHH, %ﬂl%?ﬁi%ﬁbu WL B K
19.1%~ 23.4%, 8.0%~ 17.3% & 8.9%~ 16.9%, Cd & & T ¥ &K, M & 5 5 9 16.9%~
44.8%. 13.1%~ 48.9% K 17.6%~49.3%. Ca S L E X ¥ M, TR CaCO, XM EXK Cd BE
REAENRRER. ZHAEREE/PENARLNIRBLERMIE", Hooda BH T
Cd 153 3 HER CaCO, AT W ¥y 31 R Y R UL B B FE 45 R 1,
2.4 M CaCOXERM K Ca.Cd AARIKIA

Antonio i\, HLO EE#REUM Jr o 7] 2 T Kk 8 AL S A PLAES 2mol L™ 'NaNO, #
BUSR B h a4 BRERER , 10%HOAC M 2 mol L™' HCI 4 B R B R B M SRR 4,
RERN EEEEREY, BRIV HORBRESHREHFHAREBHAEE L1
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Table 5§ Effects of CaCO, addition on biomass, total Ca and total Cd contents for maize

43} # Root % Stem M Leaf
Treatment T E £Ca £Cd T&E £Ca £Cd FE £Ca £Cd
DW Total Ca Total Cd DwW Total Ca Total Cd DW Total Ca Total Cd

(g/poty (gkg') (mgkg) (g/pot) (gkg ) (mgkg ) (e/poy (gkg’) (mgkg)

AMCaCOs  0.74b 1.98d 29.0a 0.55b 3.10d 7.6a 1.55b 4.44d 14.2a
0.05% CaCOs 0.92a 2.16¢c 24.1b 0.6la 3.46¢ 6.2ab 1.75ab 5.54¢ 11.7b
0.1% CaCO; 0.96a 2.30b 20.6¢ 0.68a 3.78b 4.8bc 194a 6.27b 9.3c
0.2% CaCO; 0.92a 2.45a 16.0d 0.67a 3.98a 3.9¢ 1.93a 6.85a 7.2d

LSDoos 0.14 0.12 32 0.05 0.28 1.8 0.26 0.34 1.5

E A VREY TR AERN, AR T RBEESBHEE: RESMEREERREHERS
i A P R P R Ok, AU E BR, A R T B S B B TR RS
MIEBRNERERLSIEREBARX XEFEAR RRERETERSGBRE (BHAS
5 EEMER)Y. AP ER, Cd 5% £ F I CaCO,H BB T EXM A H) Ca
Cd#45r. S5xFEAHE CaCO AL %R, B CaCO I B, i i H,O $2EX Ca,2 mol L™
NaNO,# B Ca. 10%HOAc 25 Ca. 2 mol L' HCl $£ Bl Ca MR Ca %7 1H, 185 51K
0.17~0.50,0.25~0.46, 0.31~0.64, 0.30~0.58 1 0.07~0.13 g kg "' (& 1), M LA LA RLH
Cd 4 4 1% M, M 98 4 51 24 0.04~ 0.08, 1.16~ 3.04, 0.88~ 2.96, 0.38~ 0.68 # 0.04~ 0.24
mg kg ‘(& 2).
20 ® Fm CaCo,
B I 0 05% CaCO,

0 00 1% CaCo,
0O 1 02% CaCO,

o
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4 5Y

Ca fraction

Bl B INCaCO, 3 E KA Fr Catfl 5 B

Fg.l Distribution of Ca fractions in leaves of maize as affected by CaCO, addition

L Ca CdAFMELRS CAEBMXREY). MEMARPRI AT S, EEERRE
B ML SHEREANBLKES Ca.Cd TESH THRIBALIES, RS
HEMESCa CdEEFETHRE L, WS KBS Ca. AU F FHABRE S, 25/
WRENY., FETHRERHKES CdMERIA LI Cd TR EY M BHRKR. FRE
W, FEAMREE EFERS CE /T H RS AR (H -ATPase), i R K #EH H* HE
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Fig.2 Distnbution of Cd fractions in leaves of maize as affected by CaCO; addition

R, CE R et AR ABRAN. ZREN CE 2RBH ¥,
Ca* MMM F (Cu** . Zn’*  Fe’* . Mn’* %) W 5 Cd** THEM AL . % in caCo,
—HEES T HYRR SRR, B —TEA T AEOKES Ca’ SRR, HREA
BHIE L Ca* SRR TTREAKE S Ca’* BT G 8, XBRM D THAMSE Cd** 09 &, U
PTHARBE S CI &, BMBEH CaCOMRBMMEM, A EHE CdIBIBL, R
BAEWAR; & 454 KN 8E R Cd 155 1 B CaCO R # T E R AE B8 5
iE, ATt AT EK 3 Cd il g,
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EFFECTS OF CALCIUM CARBONATE ADDITION
ON TRANSFORMATION OF CADMIUM SPECIES IN
SOIL AND CADMIUM FORMS IN LEAVES OF MAIZE

Zhou Wei Wang Hong Li Chun-hua Lin Bao
(Soil and Fernlizer Institute, CAAS, Key Laboratory of Plant Nutrition Research, MOA, Bejing 100081)
Summary
Pot experiment, laboratory culture and the sequential extraction procedures for the
speciation of Cd in soil and plant were used to study the effects of calcium carbonate
(CaCO,) addition on transformation of cadmium (Cd) species in a brown soil added
with Cd and change of Cd forms in leaves of maize. Compared to no CaCO, addition,
CaCO, addition could lower content of exchangeable Cd, but increase the specifically
adsorbed Cd, Cd bound to iron and manganese oxides, and residual Cd in the soil
significantly. In presence of CaCO,, soil pH, and [Ca’*] and [Ca’*] / [Cd'] in
saturation extracts increased, while [Cd’*] decreased, significantly. It was also found
that dry weight and total Ca content of roots, stems and leaves of maize significantly
increased, while the contents of total Cd, extractable Cd (H,O, 2mol L™' NaNo,, 10%
HOAc and 2mol L ™' HCIl) and residual Cd obviously decreased with adding CaCO,.
It was concluded that Cd toxicity in soil-plant system could be alleviated by CaCO,
addition,
Key words Calcium carbonate, Alleviation of Cd toxicity, Soil Cd species,

Maize, Cd fractions in leaves



