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Cadmium Phytoavailability to Cowpea Decreased by Rape Straw and Red Mud with Zinc Sulphate in a Cal-

careous Soil
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Abstract: To reduce Cd phytoavailability in calcareous soils, the effects of soil amendments of red mud, rape straw, corn straw and red mud
plus rape straw in combination with zine fertilization on Cd extractability and phytoavailability to cowpea were investigated in a calcareous
soil with added Cd at 1.5 mg-kg™. The results showed that water soluble and exchangeable Cd in soils was significantly decreased by the a—
mendments, which resulted in significant decrease by about 27%( corn straw )~83%(red mud plus rape straw) in Cd concentration in cowpea.
Combined with amendments, Zn fertilization further decreased the Cd concentration in cowpea. Compared with amendments only, the con—
centrations of Cd in the edible parts of cowpea treated with the Zn fertilization plus amendments decreased by 27% on average. Also crucifer—
ous rape straw was more effective than gramineous corn straw. In all treatments, rape straw plus red mud combined with Zn fertilization was
most effective in decreasing Cd phytoavailability to cowpea in soils, and it is potential to be an efficient, cost—effective and environmentally
friendly measure to ensure food safety for crop production in mildly Cd—contaminated and calcareous soils.
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434 H A EARTEE R EE Cd V5 YL XU , X 2R 25 22 4
AR v BB TE B SRR, R E R 3,
Cd B -4 A SN B4E 0.004 mg-kg”, 2R A E
ERITERZ—, FALEEEBEHARRIRE
TSy R BB AR, A A T AL R 5%
HEAE R TR AL B A R FEAK 3 Cd AW A Bt
M WP B R &2 K. Hf, R/EAR
A LA 20 b 1 2 4B AOVE R, o R Ar & A 1
YK BT B K Ca Mg .Fe 55 E F7 UK BB 4
AL AR R BY, WA, —se e RHE YIRS AT
PEECEYERFES, 85 Cd RAEEAER, WM
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SR, W AT H B+ E R N RE AL
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1 #REFZE

L1 TR

HH [A) 3 E0 7E 1L AR 48 PN T v [ Rl b 2 B A M
RIGE AT (37°20'N,116°29'E),, fitif+ 303 +
(fluvio—aquic soil ) ,pH {E4 8.9(7K -t 5:1), B MLk
SEN 12gkg’, 2R 2B 2N E RSN 8.1,
1.0 g-kg™,CaCO; & K 61.7 g-kg™, Kk (<0.002
mm) & &K 18% , BiAVKL(<0.2 mm )& &K 18% , Ak:
(>0.2 mm) & & 64%, + 5 BRI 0.11,
54 mg-kg!, FHANEFA) DTPA $RIE 85394 <0.005
mg-kg? F1 0.11 mg-kg™s
1.2 $E4LF B BUAD 5l 5

BT TR P B EAG AR 53308 < A U8 (RM) |
HSEFEFF(RS) \ EKFEFF(CS). Hrp, 3516 (pH 2Ky
11L.1) WA ARG EETILARELRBERAR, &
X -5 A 5 5 B B W R :Si0, (20% ), Fe;0;
(28% ),AlL0;(21% ),Ca0 (6.2% ),MgO (1.3% ), TiO,
(3.3%),K,0(0.26% ) LA & Na,0(11%). #|F BET/N,

B REARR 122 m*-g™' FRJEHES PR
H#<0.01 mg kg BEEEN 94 mg-kg, 7E 105 CT ¥
FRURFERHET 24 h J5 3 1 mm R

THSEAEFT (A llium cepa L. cv. Zheshuang No.6 ) B H
WL RPN, T 70 CPMT2EE, i
1 mm §ijE 8 H. EAFEFF(Zea mays L. cv. Jingdan No.
28) B B EIAR LB B B P, A A B v [
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1.3 B H %

HH (g R IR R X & i, FAE A AR
WHIASE, 4370:(1)CK, (2)0.5%RM (W/W),(3)
0.1%RS(W/W ), (4)0.5%RM+0.1%RS, (5)0.1%CS(W/
W),(6)0.5%RM+0.1%CS, /> FAIEMEE 5 ME
82, i 2 MEERIEEE(ZnS0,, P 0~20 cm 4+
BEEITE, 400 4.3 mg kg, i TR AR, XK
FEFFABAZAIR) , BAb 3 N EE AT AR ERT
BRIEE R, FRRAEYFEFT I E 258 0.5%~
5% IF 190~6%" ', A5 BT BT I B2 A 3 M
R FHARE Cd SEMNB/DAREY, MR
T A 3R Zn g 0.47 mg ke (£88) , (Ul T3
Zn FIME R 10.8% , 3 HABEM, HATR#225(0.1
mol - L KNO3) {2 0.25 pg kg™ (13, D L B 7R U8
—[RIHEA I Zn XFRR 0 A] Z 0. FEESIngiik
FUHT, FA/P X (22 m) B MAMER (CdS0,) , H & h
1.5 mg-kg™o AT FEARASTRIAL 2 F) 4R vk JBE 1) 22 Sk
AR /MK + I ZRZ 0~20 em b HY I
(A1), SFRIBAR A CdSO, I e /- RS
RIEFFEERNX P 2 M . 7ERLEA KRS
Fi BE Y b 1) B AT B

BEAE Y A RIBBCER S ol , 45 24 b o e
915 (Vigna unguiculata Linn. ), 2010 4¢3 A #&#p, 15
FEARAE K 2 G ORI S AV e
L4 BT
L4.1 L3EREG AT

SLEBRLLS , R 2 R BURE R AR 0~20 cm £
8, AT, 1 0.26 mm 3, 2. A FESHREGE
PR A RIE A, F U5 RIS X H4R7E +
BEPARREEEERE FRE 2.000 g TR, &
T 50 mL B BN, RKBBUKELS Cd, AI3giss
Cd DA K EDTA 2567 Cd, $#RBURS AN EEFK
(pH6.5).0.1 mol L™ Ca(NOs), L &% 0.02 mol - L'
EDTA-Na2 ¥, BMESKRREHRIR 25
mL, Z 8 F#R% 2 h,10 000 r-min™ B§.0> 0.5 h, 53 &
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REMBEE T E S AT Cd Wk E, SXTRAMAEL,
IS K 27%~83%, FEAGIEFE B B BUIAR K R
(RM+RS)>RS>(RM+CS)>CS, (RM+CS) ~RM.RM =~
CS, FLEXf Cd e B AR kg5 B Cd YR AR
FEAB LA . ZEARFRIEEILALEE A RM+RS b H B 25 4R
& TELEXT Zn AR, HAbSELAL RN Zn FEBL
TR ERETABEFM(E 1. B RM.RM+CS 4k
BEAN , A AL B RN EL B R e A BB
2.2 AR FIMFELS R LS

H & 1 AT, ARSI FIA Zn IEAIS 7625
HEEN 1LS5mg kg PXTIRLES Cd AFREESSTE

SR KRS Cd & & 0.022 mg-kg?, e ER
1.5%; A1 384 Cd “E3¥& &8 0.035 mg-kg™, & i
B 2.3%; EDTA 45674 Cd EH&E R 1.02 mg kg™,
LB 68%; 7RI Cd I8 B M 0.429 mg-kg,
mi R 29% AP A AL AS T o 5] S5 34T
SEEE A LR, 3% 2 H ARG B A R+
HRTEL (BRAGIR S RPHRIE 1Y 5N TTRR X S
BESEGEEEPOKBES R Cd WE &
FAE A o X U6 AR 1 A MR R ALY +
Y5 Y 0 5 SEPR T Y I DL LB

5XRAEL, WICAREAIFRMEEEE, -
BRI SIS Cd S B EAEHE T, TR
WEBE 43 FR 32%~T6%F1 22%~68%, H:H RS+RM 4k
X KA Cd & REAIREIBCOR AR . BR RS #i1 CS
AbFE Y ETDA-Cd 5 8555 BEAH LB A B m sk, Hofth
fb¥EH EDTA-Cd & BAR 2 TR, TREIRE R
31%(RM)~46%(RS+RM )., 5%} FéAHLEL ,RM.RM+RS
F1 RM+CS 4b3, #REH W0 T HIErPERES Cd ¥
BE S hniEEE R 78%(RM )~118%(RS+RM)

3 itig

—B S, 7EfRTS Y AR SRAS S B Cd
A EER o R, N SE R 2R, HE
AW AR Cd 155 138 ( 1.5 mg-kg™) EA KA
IIE, HEMTH CdHREN 0.158 mg kg, RiHICB
2762—2005 [E & b TLAEFRHE(0.2 mg-kg™)o X T
REANELELXT Cd RYRAS AE J B R BT A B, A
[RIBESERT Cd MR RE A BIRZE S o Alexander 52
BRI A B : s AR SRR RS M SRR 3 Cd
BRI WS NERIERGI N Cd PEEER
e NEE BiE S E R0 Cd REEREY .

R 1 FEEELAEIER Zn BEET A EERMEWEME Cd. Zn WRKFRAA

Table 1 The yields of edible part of cowpea and concentrations and uptake of Cd and Zn in cowpea in response to the

different amendments as well as combining with Zn fertilization

FALALE(WIW ) 7= &/g-plant™ - HH Cd - B Zn
e /mg-kg™! Wt/ g - plant™ W /mg kg Wl /mg - plant™

CK 199+4a 0.158+0.16a 32+2a 28+3a 5.5+0.6a

0.5% RM 218+4b 0.094:£0.09bc 20+2be 31£2a 6.9+0.5a
0.1% RS 209+5ab 0.061:£0.06d 13+0.4d 33+2a 7.0£0.6a

0.5% RM + 0.1% RS 213x6ab 0.026+0.03¢ 5.6xle 42+2b 8.9+0.4b
0.1% CS 212+9ab 0.1150.12b 24+1b 27+2a 5.8+0.7a

0.5% RM + 0.1% CS 216x4b 0.088+0.09¢ 19z1c 33+2a 7.0£0.5a

I RFIAR/NE FRFORAL B A 22 535 5%8. 37K (P<0.05),
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Figure 1 Concentrations of WS—Cd, Exch—Cd,EDTA-Cd and Res—Cd(mg-kg™) in the soils without and with application

of different amendments after cowpea harvest
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AT 5T 45 SRR B9, ZERR R 4 Y5 Yy -
NN 75 Ve A 544 T LA R Cd 72 H 3
AW, TSR A Cd B, B B R
TR RERE Cd {53 A kM 1 5 R,
FERHEAME TR E D AT 4558 KR In~
Ve I SEREFT A FORFEFT Y A 2R AR S X Cd 1Y
W, AR B AR VR R SERS T & 8 F R 7E R ET
XF Cd oy R R T RIVER .. AR5 & B AR TR RE
FEAREL % Cd R e A S D) 3 2 R i e A 8 22 AR
BREREALIXT Cd 7= B R 2, RO ZE A TR
TRRAIESIMENUH 0.5%(WIW ), {UFEA K+ ER
pH T+ 0.07 A7, Lombi ZUHFSYLE RN N
AR VR R E B SRR ALY Cd 7= AR T R B 2
IRV RIROR M Cd fFEL R, Besh, A K+
PRI SERS FF(0.1% , WIW ) DL ]2 B KRS FF(0.1%,
WIW) 4rAf 13 pH EFHE T 0.02 4~F1 0.04 45
A7, B I SRS FE A ERAE AT X Cd A9t ALHLHIAR T
fE R Cd SHYHTPRAIVEBE K AELE N

141
JEDTA-Cd  ERes—Cd

12

CK RM RS RM+RS CS

i3]

RM+CS

MR . Cui MBS R BUK RS AT LB 5+
B Cd KA A RN A KL £ Cd 7S
Yo HULAT I, 5 B Al i oA + 4 pH (AR R A1E
SRR L, ARG R A S I AR A4 A 390 i A
BRI R B A R L X R B I A 4

M 1 Al5, ABFFIEA KM S m RM,
RS.CS.RM+RS F1 RM+CS 4 ¥ 0] i 2 (P<0.05 )%
ST TN Cd A, R R4l AT A R p
P HAENS Cd FE(E 1), ARG
BB REAI T OKYE A Cd AR 3847 Cd & ;RS F1 CS
ALEE TN T EDTA-Cd 97 & ;RM . RM+RS .RM+CS
AFEIE TN T ARIEDS Cd AR, X RIS AL B 1S
Cd HIEHE R MBS EERRNIES . Rk
Wi A SR EAY S LB KES Cd FiT s
A Cd KA T F MR B i PR A LA 8 5 T S
FFNIATRE 28 H B S mAIY 563 Cd &
AT HBA RN R RIB KB, RS XF Cd BEEAL
BT CS X Cd EALRCR, X RE 5 ThEFS
FEAN FORFEFF ) EEY R AR R Ko RARHY £
KAEFF P EE R RAEER, T+ FIEPHMSERS
HEE s, — SR AN, Y%
F| Cd FER, AN MG EREINE, S Cd &
AR MAE Cd A FRIERS, MMFEEKHF Cd
RN RN EED, i, T ST E
A TR B SE A T R IR, B 2 SR A K arFs FF A
SRFT L ERFEFF AR Cd RFRE . B,
AT LASE 3 5 0 A A R A AR AR A SR RS R AR
wrfe AT S5 EART R A PR 3 Cd AR AL
P,
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RIEER BN, MEEFIIE T MAH Cd ik
JE N O S SE S T RE T 27% 0 28%(E 2) 6
T ESMER BRI SR AGT IR
TAH Cd Uk BRI Y F {43 3155 3] 30.0 1
34.6, H PAEER/NT 0.01, ULBHINEFALEE B EFRAR T
VLS EATM CdREMRYE, WM IIEEMAF
1) CdZn REXE I B ERHILKLR (R=0.658,P<
0.01, WE3), HULAT A Zn AL M HE 8 1
Cd-Zn FEPU R R FEE T XTEAI B, Oliver 541 %
PR KA B R Ber 4, W Zn JERT AR &
FEAR/NZE AR Y Cd Wk E . BT, Yang 2095 B
1 TE G Zn A Zn Y BORFP AL BRI N LA SR R
YEVIIR N Zn & BORFEASVEDIRXT Cd BT, AT A
MIATOBITT LSRR, S IBIN Zn JE, R0 27
Zn & EBAGH L3P R BEA A B X LA Zn
HE R J5 35T LA B ARV E T Cd A,

301 10.14
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Ed {008 &
15¢
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Figure 2 The average concentration and uptake of Cd in the edible

parts of cowpea treated with and without Zn fertilization
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Figure 3 Correlations between Cd and Zn concentrations in the
edible parts of cowpea treated different amendments combined with

and without Zn fertilization
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