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B BRTEEA AR i i 7E - 3 IR IR S 5 AL
PR R B =, X HAR SCAE FAIL )t 5 A 41
SR N A IR Sy TR Fi W g we N S I Y L [ v D O
i 7E = 38 v B S B R b BN S I A
Wi, Sk 5 YA F O 35 32 B B Ak b ek 2 (I AR 2 A
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1 MR5F*®
1.1 ke

BER LT, R YL E AN T, &
HRZ AR, R BB ASH E R
Blefpear BaRueuh (N 26°45', E 111°52'), 4133
APERANT . pH (H,0) 5.42, w(2%A)=0.87 gkg™,
wOHEAHE)=6.0 mgkg”', w(4H#)=0.44 gkg”, w(il
BA=70 mgkg!, wCAHLI)=149 gkg', w(Eh
#i)=38.3 % , b(CEC)=5.9 cmolkg' , w(iif &
By=10.1% , w(iif B540)=24.5% , w(HERLH)=0.22
mg-kg™! %5, BARIINE )55 W AR AL
U TR A 5 mm T4 . SRIE AR
PR AR TS YL e M LA AR PR IR W, (114
FrEik#] 50 mg-kg”! (R4 ). 100 mgkg" (E54 ).
LK AT PRAFAE [ RE K ) 60%~70%, %
WEOCRME AR 7 s, KR

HEREEL AR R ARTE, TIVE, FSEEREAE, itk
MERHRIAR/NTF 100 um, SfAERE R FEA P T DL 36
1o BRSO 15 0 el Ak b ikt

1 UM PESERENE

Table 1 The concentrations of heavy metals in four amendments

BEALH R wlme:kg) -
Zn Pb Ni cd
NI 30.99 91.07 119.32 4.5 —
e 2.75 2.69 — 235 —
AT — — — — —
—RFEARA

P 5 b /INSE (Brassica campestris, L var
Conmunis), ¢ IUH 12 5 W4 H 3R HTRFIE T &
FARRAF,

1.2 ARt

K @A o B4 A B 5 0 Sk s e
(0.5% .1.0%F12.0% ) . HliJe( 0.5% .1.0%F12.0% );
PEERENC R A% T IEANEA I A B , B
At LA 3 - 1 (B ), 4 ¢ 1 (i) o ol
KRS, B2 cm, 9 cm, A% 41.0 ke,
WSINPRZ 5 AL A — 3, FLE, ER4
W, BN, AIMNSEAERKIHNE, HRE Rk,

RRUAEBEFRENTEK Sy, HAbS S, Bl
TIRIE AR o ZE Ak I A AR A IS AR A R
JI = N T .
1.3 TESEAEREEIRE

FREGS 2 mmf 9 KT £5.00 g, A S50 mL¥
BHEH, A25 mL¥EJE $70.05 mol- L' HEDTA,
EHIFETHEERG ST, 1£(25+0.5)°CFLI180
rmin #5752 h, Diwhatman No.42JE4% €, HJR
FWIOEREAY ( Jena-ZEEnit 700 ) 152 58 ¥ 1 4
T,
1.4 BEVRESESWT

SRAEA TR /NIRRT . JEH H kK
INCERERR RV, ARG HIR 4K VAL A RIRE
WK AR T 3RTHK 53, PRI R . 25t o0,
FESTEL05 CATi20 min, 70 CHEZR[EFTE, ¥k
11100 Hiffii o FEYFE & R I ( MARS,
CEM ) )iffost 4 )m , IR T OEE X ( Jena-ZEEnit
700 ) MxECud &, LIEZRbREYF ( GBW07603
GSV-2) N NAREEHIFE S B i .
1.5 HiEAIE

% Excel 2003, SPSS 16.0 i itk {34 750
ACFE, R E N 2 ( Duncan 5 ) #7271
R (P<0.05) .
2 ZER55H
2.1 AREsEEH R ARSI

FEARNFEHITS GO, ARUessE 3 Fretifbis el &
R [ il FH 2 X6F - 3948 2050 S5t 2 4 50 114 5% ) B
WA, EARRIFEEE AR T 39 oA 5 i 1)
HOE(F 2) o Hih, fFEEEE YOO L,
it FH s AR U8 . BIVR AL BRREARACR B B, 5t
HERMFRFEA T 41.48%, 44.44% ., TEARER TS YLk P-4
e, it E AR AL BRRRAIRSCR R o B i, BN IR
AL T 35.83%. AN[A R AL AT BT H1EA 3L
AN T A B R RO AR . Hed A TG Y
KL HE b, R A R e AL B ) 22 5
(P<0.05) , At aR iR AL BRI 4 3984 5S4 o 7 L
BARE IR R BRREAR T 25.01% 5 FEARARTS Gk F
I3 b, AR R AR e A ] 22 5 28 (P<0.05) ,
Hh i s Y A R S RS T R AIK E R
PALFRREAG 21.73%; Sonm A ER RS TE—E
JEE REAVR - A A5G o i 0, TR 5 YK F4L
b, KRR EE A 22 53 B (P<0.05)
e e AR A B ) - B RIS A O e 0 BB AT o
TEAbPERAG 11.8%; FEARARTS YKL -, AN
FHEMRAL A 22 A EE (P>0.05) o R4S
YKL b, AS[E] S BB AL FH ) 22 55 O
B3 (P<0.05) , EaFEEmiinab B + 568 80
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Table 2 The extracted concentration of EDTA-Cu from soil with applied different amendments

w5 P21 8)=50 mg-kg!

w(HATG Y21 4E)=100 mg-kg

e El i W EH % LTl i = EH %
V5 Y Xf IR 28.41+0.71 A — 54.41+0.71 a -
MRS BERE AL 23.02+1.99 B 18.98 42274246 b 33.70
AR 21.58+1.66 B 24.05 32.72+1.41 cd 39.87
0.5%f1 e 21.26+0.92 BC 25.16 34.29+3.39 ¢ 36.97
1.0%7e 22.22+4.14 B 21.78 34.22+0.04 ¢ 37.11
2.0%1lle 21.56+0.90 BC 24.12 30.23+0.43 d 44.44
0.5%75% 1 19.65+1.46 C 30.83 42.46+3.82 b 21.97
1.0%75 1 23.9242.13 B 15.82 39.59+3.37 b 27.25
2.0%7% I8 18.23+0.51 C 35.83 31.84+0.84 cd 41.48
1.0%2R 8+
. 24.81£0.43 B 12.69 41.19+4.39 b 24.30
1.0%l 8

RIS S5 AN TR 2 B3R R 22 573 8 2K F (P<0.05; SR Duncan ¥#ETIEHR ); TR

] A B AR A B A AL PR AAEG 22.59% ; 7EAR
HiVG Y K208 |, ANTR)FH s e EE i AT A B ) 22 57
AN (P>0.05) , (HREEFEEREREE FH R,
A SR T B AR R A s IRER
YK, RS ARREC AN, Simt
A TRSE. WNRBZERLEAE, fifek
y o 1 e E Ry N T il A O & QY R SR =10 %
e~ AR e >h e~ B AR Te >R B e~k
AR>S i A AR AT
2.2 AEELIRIRTEOFEEYER RN

it FH A A A 2 76 N R R 52w /N S Y
AR, ST ML, FRIEEE 3 FiEifb AR R
AN TRY it FH 2 X6 /0N 32 Y 4 B B 3 — R Y
Wi (% 3 ), H B RS TER RIS A2k /N
AR, WmEAY R, H, 7RG YK
LTI b, it R R S A B AR AL B N SR
YR EIE N A B, BN 786%, 627%; T
AT YKL 1, it FH e e A YR A B N 2R
Yy R o A, BN 1197%. 7EE . (R4

TGP b, ASEEEAEAAR INS A K5 )
HYRCRANIE], i FH AR e B 38 i/ NS i A 4 i
Jites AU A SR e 22 o R« AVERTS Yok P2 |
AR EIRRA 227 B3 (P<0.05) , ik
e Ak B /0N 3k 3% T 9 G & R 8 A FE A
25.01% ; FEARATG YK 1, RIE AR Ab
FRIA 225 03 (P<0.05) , W aRJeabH/ Nh=ny
T B AR AR Ve B I 473% 5 o
Ve S FE—E R B/ N A A s FE TG YK
SELLHE b, R TE A VR AL B A 2 ROR W
(P>0.05) .

FELLHE b, B G i o B0, /N
B AR B A2 BP0 . TS PR R 100
mg-kg ! B, XFFRALER I/ NIZESE A REA K
2.3 AEISEFARERT I8 e S IR U4 £ B 2 i)

TEw . ARSTS YK FLrsE F, AR, iR 3
PRt A bR EAS [ AR B L 2 RE R /DN S5 b 135
) B oA (B 1), Herr, ZEARER TS ek 20
b, i E R . SRR S e - YR S

%3 TRMFHAFLOERARDAUFRADAET/ VNI ENE (gi)

Table 3 The biomass of rape treated by three amendments at different dosages

w (5 Y21 4E)=50 mg-kg!

w (B9 Y21 48)=100 mg-kg'

A e W% o W%
25 X IE 0.1017£0.01 CD - 0.1017+0.01 cd -
5 Yext iR 0.0433+0.01 D -57.42 - -

IRt F B AL 0.1164+0.02 CD 14.45 0.3150+0.11 ¢ 209.73
AR EEBEAD 0.1901+0.06 CD 86.87 0.7394+0.21 ab 627.07
0.5%Hl17e 0.4804+0.10 BC 372.32 0.3912+0.09 ¢ 284.73
1.0%1l e 0.2410£0.11 C 137.00 0.2248+0.08 cd 121.12
2.0%7e 0.0894+0.05 D -12.14 0.2062+0.06 cd 102.79
0.5%7#% 1 0.6930+0.09 B 581.38 0.2944+0.17 ¢ 189.55
1.0%75 12 1.0102+0.12 AB 893.34 0.6502+0.45 b 539.33
2.0%7% 16 1.3196+0.49 A 1197.49 0.9014+0.22 a 786.33
1.0%7RJE+1.0%0 e 0.2898+0.14 C 184.91 0.4381+0.08 be 330.78
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Fig.1 The effects of different amendments on the contents of cadmium in the rape

A B SR AR ) TR P A B BRI B o IR, S5 et R
AL, 2N A0 o 0 By IR AIR 82.64%,72.71%,
85.14%; TERETS Y AL L, M &R
IR SR . AR URERA it A B AR B 4
R 5 o B, /NI SR A B B il oy
36.37, 53.52, 36.32 mgkg'. Won FREILARE
REAR /NI SR b ] 5 i B0 — 8 R . 5
BEB AL PE AT LKA /N = b 4 o o4, (5
REARGASCR B A T HA A A R

TEm . AR5 oKL E |, AR PR A
A /N S R B B ) S e RUR A BT 2
S (). & ARES YKL b, AR Ueab e
Z 53 (P<0.05), W& ARJEHEIGM, /Nl
L ERER BT BOE T RAG, E AR R AR BN R
R BT e A B AR R AR JEREAIR 57.36% . 35.08%
o AR TS YKL |, BB AL B A 22 5 i
(P<0.05), BHJCHERIYEIN, FEART /N 5
Al 0, T B AL BN Sk, | AR B )
BRI VR FEAE 40.01% . 33.79%. TG YLK -
ZIE I, FEEERRAE AL PR 22 5 B3 ( P<0.05), i
YR T I A BB/ 9 S5 L A o A3 B A A
PERENEREAS 35.84%.
3 itig

TEMRBRYE 3, il ABT LA RN EGEEREAE |
B KRS AR E A B X ED R B AR
TEHEVERIX TR B, Ve a . H IR
BT FTaE SR, B TASBERRAE | 525 . MR
SRR NSRRI, /NS R, A
RIe, FHARE G, ANHERREYEa
ANHIRREE RSN . AR B AR /INBSE ) A K
NG TS, XAl RE S U R E B AR DL it

HEA K, Hp, HEH AR A B RO By, X &
AR . WY AE el /NI SR B 2 I R, 82
SN AE R ARG . Bk ISR A KA
IR

Rz a0 pH {5, CEC. HAHLE LA
N RIVERSEE Z N Z 20, meifbs el L
ARSI R, M IR A RS, SRR N
FET A . HERT BE O HLERAE FElfb i Rt 2k
AR 3 pH . 3SR T Y el AR Bl I
pH ZBfLER S LI 40w (AN, B ) Wkt
VERCS 1O wrge e, BEAEME A TS, BERRHS bk
+ e F S 2 s R R, R R — A~
H,PO, , &HBi—A OH; 5k IR w7
B fuf B 0l AR pH TR s ARIBIEA 3RS,
2eUf PR 3 pH 7, Gray ZEUSRYEST R
W 5% 1R pH B0 4 B A A O TE
ARSLEG R, WSINEAEATRLE , /INISEH 3 Y R
OB (1) o XEHRTARTE. TR
Mgk (pH>10), AREFMBI LSS, 538+
HErp iy pH B3 LT, A 0A SRR T EL

BALAT R A 35, A8 o I B
PIRUTTE . W (A% —RIIRN, AT HESE
TR TP RATE SRR, BRI+
TR shbE . ZEARE H, dshn 3 Fhaifess ki
AR A RS B (R 1); Hip, &
HARTE . MR AN FERY 4 5E EDTA $2 US4 B 05K
. —Bokii, EDTA HEBCSHE 4B #3538
PSR . A5 ARJe. e 22
S 3 pH (H5 A B BT RE 1 R AR
A RS B8 Lin UL BFREX Cd. Cu
Je Zn %5 4 SR AT AR A W B 75 Bk ik 22250 mg kg
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Mechanism and effects of different amendments on copper uptake by rape
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Abstract: A pot experiments was conducted to investigate the effects of three amendments (red mud, boron mud and calcium
magnesium phosphate) on copper (Cu) uptake by rape (Brassica campestris, L) and on copper availability in red earth. The results
showed that all amendments could significantly decrease the EDTA-extracted Cu concentrations in Cu contaminated soil. Compared
to the control, the application of high doses of red mud (45 t-hm™) and boron mud (30 t-hm™) in the red soil contaminated by a high
level of Cu significantly reduced the concentration of EDTA-extracted Cu up to 41.48%, 44.44%, respectively. In general, the
addition of amendments can all increase the dry weight of rape and reduced Cu uptake by rape. Compared with the control the
addition of red mud (45 thm™), boron mud (45 thm™) and mixture of red mud and boron mud (15 thm?) to the red soil
contaminated by a low level of Cu significantly reduced the Cu concentration in the aboveground of rape by 82.64%, 72.71% and
85.14% respectively. After the supplementations of red mud (30 t-hm™) and the mixture of red mud and boron mud (15 thm™), the
concentrations of Cu in the aboveground of rape decreased to 36.37 mgkg” and 36.32 mgkg', respectively, in the red soil
contaminated by a low level of Cu. In this study, the red mud supplied with a dosage as 30 thm™ showed the highest efficiency to
reduce the concentration of EDTA-extracted Cu and the Cu accumulation in rap.
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