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Effects of Different Amendments on Cadmium Uptake by Maize Under Field Conditions
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Abstract: Field experiments were conducted to investigate the effects of four amendments (red mud, sepiolite, calcium magnesium phosphate
and phosphate rock ) on cadmium uptake by maize and the cadmium availability in soil. The results showed that with the except of sepiolite,
three amendments could improve maize growth, increase the dry weight of leaves, stems and grains. All four amendments reduced cadmium
uptake by maize. Compared to the control treatment, high application rate of red mud (the dosage was 22.5 t-hm?)reduced cadmium concen—
tration in stems, leaves and grains of the maize by 60.6%, 33.6% and 49.3% respectively. Especially, high application rate of calcium magne—
sium phosphate (the dosage was 0.9 t-hm™) decreased cadmium concentration in grains by 57.4%. Four amendments significantly decreased
the EDTA and DGT extracted Cd concentration in soil. The EDTA extracted Cd concentration was lowest in the treatment of high application
rate sepiolite. The DGT Cd concentration was lowest in the treatment of high application rate of red mud. Tt demonstrated that red mud(the
dosagewas 22.5 t-hm™) was the best functional amendments.
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Z 9, a0 R R A AR 4 pH BRI A
RS B BEIRER S B T BEE a0 AE + 3 pH . 548
RAAY R 5 82 R AR A 3B A 2 T
FEARLAZE R P A AR B2 B AR Sk R R R T
BSEAMESRBRNWERER, SESE™4k
SRS, PIRHARS B A k)=
5], AT RN EE &R A RS & B, AR R, i+
A A K S BER R 5 pH, HEEARUR SR TR
FERRAEAKTE , AR IR A S R o R T 24 5691,
HEA BB R 5 & RS T HEY AR E
/N & BB ERTIVE™ ™, MR E S B e TP E
A B, WA SR SR R A&t . Lin
LML ARYENT Cd.Cu 55 Zn B4 EA R KA M
KB,k 22250 mg-kg™ DA b, Lombi ZE5 1041 527
R BEHEES BN ICHAS ' EBEMAEY
Fk, RARSIE T M 3 kRS LR InEes,
LB INAR B I B 20% LA b, A RL AR Cd YR
W a7

AR, B NAME T RIF= & K 7 Wk R ok
FABS A R A LA R 4R TS Y R A A N 2
T TR Z M, SRR AR S5k i A
KAHLHIHEAT T BN A R (B R BT 45 R 2
FEARMANTAR B AR IR P RS AE R A TR
WAL B R 7 3 IR & 56 3
FEMEEERZ , WA SN AL A HRIE . AR
FEWI R MR I Cd 5 YL X TP R BF AR IR , BRI
4 FPEEALAL LT HR A S A B T K Ko W I B B
mi) , LA 4R T g 3 b 0 esE B A SRR S &
AR KRR,

1 #BE57FE

L1 st

R AL T80 R A I T RS e X (N 1120
58.281',E:27°54.580" ), H IR A N WL LB
B, ARG | WK (Z A& BB, +3E)
EATAEBLZR 1, WETTES R AR5y

Bro s, 13 Cd A& (2.03+0.13) mg-kg,
A A+ 3 R4 T R AR fE (GB 15618—1995)0.3
mg-kg ' (pH /T 6.5) ) 6 1% , -3 Fh 47 ™ E A5 Y S5
DM AT HE M &K . HIEDER 5
BB & DA AR EY) 5 (GBWO08303 ) N bRd= il

PO E ARSI 13, HMETRERMTL
Gkt

BERE AT B A A IR BB B
13 o FRYE SCRREE PRI 25 51, SiAb AT RHAS IR F & 23300
T8 (0.5%F1 1.0% ) gL £ (0.3%F0 0.5% ) BEH H3
(30 kg+667 m™ 1 60 kg+667 m2) F58E#E (30 kg 667
m™ 1 60 kg-667 m?), 7RUe H H E 3R ) 4 F 42
Ht, MR E R AR, A 1 B i s A
ISR IE BT M B e = kRS S
FRATE] SRR LR 2. At iE2 I
TR A= ST,

R2 R HPESESE(ng-kg)
Table 2 The concentrations of heavy metals in four

amendments(mg-kg™)

aifb Atk Cu Zn Pb Ni Cd
il 30.99 91.07 119.32 45 < isa)
WA 2.75 2.69 ES o] 3.35 SR
SHERIE  REd RRd RRE REE Rl
PR SRRl SRRl SRR SRR Rl

1.2 REgit

R/ N 20 m?, R B —BEHLFp AR AR, 2
B9 ANLE, 4 & CKORHESE LA L) R B TR T
(0.5%) . FmERE(1.0%) KEBEA(03%) HE
A (0.5% ) SREBED # (30 kg-667 m™?) | = &7
W H1 (60 kg-667 m™) [REFHEEBAL (30 kg-667 m™?)
= B EEBRAL (60 kg- 667 m™) ; -4k FE 5 57 9 1k
WBEA 4 KB 2010 4 6 H G T R
T , A FBER R A K Sl Ak A4 L B 38 (IR 15~20
em), 4IRS, A E KT 2010 4F 7 A E#E R,
FEFPRTEHSEDAE FIR S R A AT , 4h B 8 e

®1 il T ENEREAER
Table 1 Physical and chemical properties of the used soils

BRI mg kg B Cd/ 4 Cd/
i H CEC/cmol kg™  HHLF/g ke - B
pH {H g Jilg- kg promp. G P HRK mg-kg'! mg kg™
VAR 4 5.17 18.80 1522 46.40 24.11 42.95 0.942 2.03£0.23
CNEQS <65 - - - - - - 0.3

1 : CNEQS 2y Ho [ [ 58 - 3E3R 88 Ji e Am E (GB 15618-1995)
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HISRAE R R
1.3 HmXESLE

8 FERRFE S CRE T 2010 4F 10 A A (EK
BLR ) AT, R “S” TE BURE L 43 X 36 A/NX B
B £/NKEL 4 N0, B ECRE 1 BREK, B3
INKR 4 BREK, BT R EARR ERFFKE—2 R
JEAE R AE - HERE o FORAERRIEH B SRR/ TR
FRIe+, AR5 FIZEIBKIE VR MER AR IR R 25
e FFRLST BT, 7E 105 CARF 20 min, 70 CHLEHE,
et 100 B, FRBERT KL , 78 70 CHEZ1E
o, B 100 Bif, HEAERXTE,S 2 mm BB
i, 2
14 TEEMSIT
1.4.1 +HEEARESIRE

FREGE 2 mm FA KT+ 5.00 g, A 50 mL 2
BHEF, WA 25 mL ¥&EEH 0.5 mol - L ) EDTA, 35
HEBETHEERGHSF, E(25£0.5)CLL 180 r-min™
#5% 2 h, Ll Whatman No.42 38453 18 , F R PR MOt
1% (Jena—ZEEnit 700 )il & & A48 & & o
1.42 118 DGT #5425

P HOs B L (DGT) 2 F T H 3T
HERAYA B L 4B M A 28O 5 B GE
BN—NEE S, A SRR HEE SR
1T e

FREGE 2 mm FEAERTF £ 70.0 g, ik A 100 mL 23
Bt 5 HEEER 1 em, FINESK R+
e rh K B X T 60%, IR, BEEIE 2d, H
AR LK K Bk 3 100%, 1R85, -3
SRR A RE N B E 5 24 h, i+
KB, K DGT 228 (C-LSDU) fB 4K whyt/s ,
BRI TR Rk T DCT B ME 0 (IR
)T, AFRREM AR E R A TR, # R
DGT %58 f1+ ek R 47, DGT 22 &k B 5, 37 Blid
TSR . B8 24 h )5, M (JL4r4h i ) B
H DGT %58, B4k Z 2wt DT 35 , U
YOKE%E B R K R . #2< DT i, B uE4K
MY Bz, A HE S . B LS5 mL B0, IIA
0.8 mL ) 1 mol-L™ HNO; I3 , K 5 B B A B OE
W 2 SRR THRER T B E 24 h Fi . M
B TR BGH AW, R KFR R 5 )R, A ICP-
MS SHTAFIR . AR 25 ISR,

FAFBRXN(DITREESGHZEM)BENES

JBE:
M=Ce( Vmos+Vgel)/fe (1)
1 : Ce(pg L") 1 mol-L HNO; Y H BRI ;
Vino, FRILLE S 1 mol- L™ HNO; W IATH ;
Vo HEEA AT, —#4 0.15 mL;
Je HEREBRTEIEF, —8Hh 0.8,
AR (2)THE DCT W EE & (F):
F=M/(tA) (2)
KA () HBCERTE] 5
A B E (BB AT ,A=2.54 cm?,
FIRAHRER()HE DCT EENELBIKE :
Coa=FAg/D (3)
Ag AV BZH)EE(0.08 cm);
FNUEREERE(0.014 cm ) ;
D REERETEERBY BERERE(CH E-6,cm’-
s)o
1.5 EYHEmI T
B FORZE I FPRLSERER A 5 mL ¥RAHIR 5
2 mL BUEIK G , B FE B IE i { (MARS, CEM) 4
PEATIH R AR AR e 2R Ak e, FRF
W SEHEL (Jena—ZEEnit 700) ,ICP-MS & ¥ ¥k
Cd & &, N EZREY R GBW07603 GSV-2) xR
FERIE TR
1.6 iR
X F Excel 2003 F11 SPSS 16.0 Zi ik /4- 347508
AL R F BT 2 R 23 (Duncan ¥2) T2 R B &
MG (P<0.05) .

2 GHRESH

2.1 AR EXEMERIRN

Jits FR B AL A B S FEAS R B B R A K
(£ 3), SXTHML, FRIRE 4 FHELA R L HARF
A BT EORZE . M-SR TYRENS —E%
W) o BRMELA A FRAN , b AR B B S EARTR
R RS EORMA K, N F R SRR E
i =, i AR R SR IE A B Ok 22
FPRLEHE I B 5B, 43 B340 30.2% .43.1% .40.4%
5 447% .22.6% .141%,

RIE 2SRl £ R AR R R .
AFEAERTRARE FE R, XFEEFEE (P<
0.05), #Fhr B 2 R B2 (P>0.05); B EAR B £
Kip ZETE IR E A FE N 20.3%.31.2%, BnFE
FERRATE—ERERIEF KRR AR HAE6
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Tk SR AL AL BRI Eok M ZEXEE R AR E (P>
0.05), #FRiE 2 57 18 3 (P<0.05) ; i A5 AR AL Ab 7
kbR T8 R B AL PR I 133% , IR E B H 4k
B ORAPR T i R A BB N 63.4%,

%3 ARASUHEREAAAETEREDE

Table 3 The biomass of maize treated by four amendments at
different dosages

iz MEg-pRT  EHE/g W A/

Xof et 22.23+3.85b  16.20+4.54bc  35.80+0.35bc
0.5% 7~ 24.05+4.01b  17.67£2.61b  48.80+2.16bc
1.0% 7% 28.94+6.11a  23.18+5.72a  50.28+4.83bc
0.3% MBiA 17.99£3.49¢  15.96+3.93bc  26.88+8.33 ¢
0.5% MBiA 21.09+4.40bc  13.34x1.72¢  27.63x2.37 ¢

30 kg+667 m2 BEHH;  24.46x2.22b
60 kg-667 m? BEH Y  23.1245.65b
30 kg-667 m> FHEEBHAE 28.27+4.07a
60 kg+667 m” £5EEBEIE  32.16+4.89a

14.64+1.29bc  57.08+9.33b
19.07+4.51b  34.94+6.46¢
17.35+1.67b  36.94+8.56bc
19.86+5.17b  86.38+4.53a

T : RIS IRE AR 7RI 22 R B 3 (P<0.05, Duncan ), T,

2.2 SHLARI E KA R EBAIR SR A
AR A 4 M R AR &,
FEARFERE FRERIEE R F RS E(E 1),
Hrp AR R B A S S R R R AT A R
RS BRI E , /0 MK 60.6%.54.3%5
47.5%.38.71%. B~ L iREAb A BHEREAR E R A A
W RENA —E R ANRAEEA R (e
REBRAR) X FE KA R HE S B MR A iR,
EARFAHERIZFAEE(P>0.05), BREEEBICH,
HE RS A BRI B iR & RS A
FAEAREIN, TR0 B i S BRIE. AR
PEEEREHEAL TR 8] 22 57 B 3 (P<0.05) ; SR B A5 EEBRIE
FHEE , B AR T TR B SR i, 4l
A B E R B RS BTN : RRRTE>
RERR> B A >R BT B> RE SR>
ICEBT >R B A > 5 B A5 EEREAE
AR B SR R B X ERZE PR &
BEREMARE 1), MR, R ERRA R
E R E, AR 37.6%.33.6%, B~
AR RTEREMR TR ZE PR & B KRR AR E
BEAL AR (BSEEBRAEBR A1 ) S TR ZE 4R & B A IR
MRBER BEARARERNZFAEE(P>0.05),
FEFABED B . AR IR R PR EEABEEE:
BEE FHR AN, FRZEPE A BRI, AR RR
BERZPEE RS FEHENEN, £X
RS REN ., SESERICHL, B RS

RESE N T R KZEXT R AT o AL AT R I R ZE
BEROKEN  BRARSEE RS SR A>
RS RERT >R RO >R R
HE> = B EEREAE

ARVEEA BT F KRR 4 A B A R R
(E 1), HifREHEMIESK. SRR TR
WEBNBRE N, 4B 57.4%F 49.3%
49.7% . BN R RESEERIE S AR TR TERRAK F AR R
e B BERAROR AR AR (IR TRERST)
X FORFPRL PR S B SR A IrE R, AR &
] 22 52 8 3 (P<0.05) . Jiti FABEEREIE B0 4 563
AR FRZPES BB EE  FEE LR E
FIIG I, EARATR AR & ERER. §E AR RREIETER
KPR &R & B2 A R A3 N , ERATRL
PR A B R B AT B RN R PR o &
BT R - i B AR IS B B AR >R B A > &
B K> R B A >R B A AR S (R R B B>k
BWHLA
2.3 b ArRlad 1% pH MMM

AN [ i fl 4 ek B LA )it P % 38 pHL 5%
AR (E 2), iiAARRSE , 13 pH B B85, K
it P v R A R S VR Ak B Ak SR B R B B, 5 % R
AHEE, 1238 pH 23 R 1.22.0.73 847, TG e
WA G, W 3EpH R K, 5xF B e, it A5
BEHE BEA RS , 135 pH A BT
2.4 $h{LHH T 1388 EDTA IREVS-$RHIR MM

ARV A AL B HAS TRl it F 2+ 3878 US4
ERNFMEEARR, HERNFRRE LR T £
PARSENSR(E L), EREERRSERG
b PSR B o B, 43 I REA 18.6%.20.0% A
A R AR H A ST B MR
Mo Heo, AR AR LR 225 8 2 (P<0.05),

FREARAIEN HIEARSH ST ERKE R

FEAR 9.09%, 7R F FH B AR e & 7E — B R PR AIK 4
BUSBE R ARG AR ZER B E(P<
0.05), BRI ALIEN HIEAUSHTERKE
T A A FEREAR 17.2% . AF 80k A5EEEEHE
Ab PRI 2 5 BN B3 (P>0.05) , (B BEE BED by 4585
BRI R, TEARSH T EARENEG
#o NI RE , difb i B IK H A AR
TRMBER KT N  mEEA> SRR >R
SRS RS SKE R > 5 EH0 >k
BT B> EEREG
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Figure 1 The effects of different amendments on the contents of cadmium in the leaves, stems and grains of maize
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Figure 2 The effects of different amendments on soil pH values
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x4 MAREFHLHIELEE EDTA #BSRESE
Table 4 The extracted concentration of EDTA-Cd from soil with

applied different amendments

posz| A& /mg-kg? W H Y
papiiy 0.962:0.05a —
0.5% 7y 0.861+0.03b 10.5
1.0% 78 0.783+0.14¢ 18.6
0.3% WA 0.929+0.01ab 3.4
0.5% MiA 0.769+0.12¢ 20.0
30 kg 667 m> BEH WY 0.917+0.07b 4.6
60 kg 667 m™ BET K 0.879+0.09b 8.5
30 kg 667 m F5EEREIE 0.832:£0.04¢ 135
60 kg-667 m™ F5EEBEAE 0.807+0.06¢ 16.2

x5 MARBEHELFHELE DCT ZESREESE
Table 5 The extracted concentration of DGT-Cd from soil with

applied different amendments

Qb & i/mg-kg W E R %
X 0.053+0.003a —
0.5% #Je 0.023+0.008¢ 57.5
1.0% Fxe 0.013+0.015d 75.1
0.3% ¥EA 0.056+0.01a -6.4
0.5% ML H 0.049+0.012ab 7.5
30 kg 667 m™ BEH K} 0.047+0.017ab 10.0
60 kg+667 m™ B H 0.040+0.012b 23.8
30 kg 667 m™ FHEEREAE 0.049+0.016ab 7.3
60 kg 667 m™ F5EEREAE 0.039+0.01b 27.2

Horp, ft AR VR AL B FEAR A RCR B W B B, 23 Sl PRI
57.56% (&), 75.1%(F& ) , KRR AR R,
ML AR B 2 . ARV 2L RN 3G
AT S ERERBCRA R, FEE f LA B R A3
I, DGT B R & B B RS, ARIFAZERTEL
Hi ) 22 5 8 2 (P<0.05) , B B AR Je AL B A 3 RS
RO RBARESR AL IEREIR T 18.6%, Binim FHRER
VRBP4 DCT D& BWACR R . AR E#:
Tk S EER IR AL 3R] 22 5 B B35 (P>0.05) , {HFE
FEBED Ry ESEEREAT B A B N, 138 DT R BG4
TRARRESE . NRREERE , i bR L
B DGT #ESR& B BCERIK TN BB R e &
V>R R AR > F BT >R ERY > SR
AR E TR E R R A

3 itig

TEfRBRYE T, FEASEAATRHNES BERENE .6
IR IR S S AR 0B F 1R A AR A

XEFRIT B, SR AE = B H IRARANZESE IR B
SRR, 1 FESEERRAT JE2E R BER S AT e kI
HSERIFR R, R R/ B B AR A
RISEALRG , BRIEHEA S, ERM A Y B 5™ B IgH
AN FARREE RGN o A R O BEALAT I TR A9 LR R R
APz, XA RS R A B ik LUE B A
Ko Hor Jils S BEBENE AL BRARHOR IR T , X R RO E5
BERRATE 3 TR MR , B 208 FORA KR
B R BB X MR AL , AR g , I
TAEARHE FORAE K b BRI T A5 BERRIE o

TP R pH AE . CEC A MR AR B T
(8] A4 I AETE 2 N BB, B A AT L A ik 22 [
R, RO 3 P R B A RS, S T2 MR X 4 ) W
e, HATRERHLIRAE T EEA A4 Rl 2 o £ i pH
fHo —Bkit, 13 pH B , RAYA 2SS, R
J& pH THe Al HE 38 A S 10 45 5 B 5 R A H
o HRERVEY PRTES 1 pH 20K,
Gavi % P (iR a5 REH], 15 pH M 4.5 N %
6.2, /NEFFEHPIRI S BT RAE 4 . ARKH, 5
ARV IE , FORZE I kPR P AR B RER (I
1), 32 i T 7R 98 A9 Bk 35 (pH>10) , FR R HS I 21
TR, & FEEHEPR pH B ETb, Gray F&
BT R B, BN 5% o 58 pH 3 4 - F
fiZEf . AELEH, WMAREE, LK pH 325 T
1.22.0.73 1~y (8 2), SEARENGSLE—H.
Lombi SRS, L P AN o Ve T 5 2 1 1
pH FIHRESER IR EERNR, 7B,
T E S REN) (25%~40% ) MR (15%~20% ) ,
TR AR & A RITE VAL, SR s %
PRI RRS , {56 R BT < B R A i R ], T OHE A A
YIRS I R R AL S 5 B E SR,

B AR} SO % 4 TR M B LR AE T
BEALARHINBERRER S5 T S 40 A A R LTI A L B
AR S, D R R ATE M . TERRME
B A B R E RS Cd.Cu.Pb 7E + I F A4
IR EIRRE T, A A A AR, Cao 452
il id XRD 5 HL B X SR RETE AT (SEM-EDX)
TESE AR R 18 i LTI AF e 3 ) AR %
YRR T FRE AR o FEAIKIR T, il WS 43
PEBERRAL SR IR K2R PR S & HE
FWD TR RS R, UL R R S BERRAC AL PR AY
BB (1) XA RERBREL 5 7 Y ik
WIE B RR AR ERTTVE , FRAR T 4R B T 1E B RIR N BT
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BE WD TR ZEM AR B RRCR AT R B, AP SRR R R S B ROR R, HAER

TEAN FIBERRER AL P 3, S R R RO BERR R L 5 4
A% CUTRELEARY) FA) 40 MO BE I 4R BEIB] B, I T A5 280t
BHLLE 7 B 1o S A S A i B A A R PR A A,
MR , EKZEH FREA PRI LT
TR .

BEALABEA T35 , 1 T A R
R UUTE M B — RN, R E R IR TE
TP RS RRAPRE , R TP ] 8
gt TEAIRI T, BI04 R AT 2 1 5
ARSI T E(R IR 4), Km0 Ea Em
3 EDTA SR EGSIRACR & 4F, mERBAHEAY
DGT R BUSRBCREAF . —BOkUL, E4J8 EDTA $2
BESHR A L HAS KRS 5 S8, T DGT
RPUSHR S HAEWRBREE L RIE S & SRR TERL
W AIRISE R AR o 4 Pl AR 13 EDTA 12U
@ DGT RBGSMAE AR E R , B A R S
ARSI R P WA FE RS E R
Cd BT 5 /\HAH % Mg KEEHAEH 14
Y SRS Cd A% 1 K RE F129; 2R TR 3 2R E i
s + 3 pH fE5 A B H 45 A W% M RE ) Sk AR R A0
AR, Liu FYEBIREX Cd.Cu K Zn FE
SRARBRBM AR, 522250 mg kg™ LI E,
Lombi S5 jiF SEoR Y8 AT S 2 AT 6 H) AT S22
R GERME, RN BRI E R A
MR BRI DR AR R T R B B AL SR =
6], iXJE DGT $RBUSH A& BB A AL B R —
ANEEFN . PRIRELE T R R W R AT AR,
A3/ Y3 R B M S B R A R
FERSLAETIRE T BAREPIBTFE R, 1 585
BRALJS , 3RS AR ) 20 L 2R BRI, Tk PR Eh 25
B REANY S A SR IR LR, RG]
PHEETEAE AT 22t A SR IR IS AL o

4 i

(DBRMGHLA S, b A 3 FhEh LA R AS [F]
R AR IE ERA K, I E oKk ZE SR E R
Jite FH R B AR U R AR R HE AL B R ZE S RPRL
FSE I B, BN B 43 B3 I 30.2% .43.1% .
40.4%5 44.7%.22.6% .141%,
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