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 ERAEBAE, TR (As) AR ZAEY) K H: DL # (Preris cretica L) 5 EXK M =% 6 5 (Zea mays L. Yunrui6) \ 5
¥t 8 5 (Zeamays L. Yunrui8 ), =% 88 5 (Zea mays L. Yunrui88)[E//EX IR MR RE-SRHIENT . G5RRYT, A FEK M RxE K
HODNEEYREA I HER, HARBEBERT AR, SEREERERS T RO R 5 IR
As.Cd WM, Rl B AR T B 3BxF Ph AW, T H T 355 Pb W14 B B4, B H LI =5 8 SHEERNI R EE. 5
BAEALL, BfFRERE R B ERSHEELB R, RA B 88 S As S RUI B IR, hH/ER 310.89 mg-kg' PR H/E
f 145.86 mg-kg' o BIFLHIERY, KA ORF S R 8 SREIETRFAMBE As.Cd Pb I35 AR,
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Effects of Intercropping on the Contents and Accumulation of Heavy Metals in Maize varieties and Pteris

cretica L.

QIN Huan, HE Zhong—jun, XIONG Jun—fen’, CHEN Li—juan, BI Yun

(Faculty of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: Intercropping as an effective approach has been proposed to improve soil contaminated by heavy metals. A soil pot—culture exper—
iment was carried out to study the effects of intercropping on the heavy metals uptake by Maize varieties (Zea mays L. Yunrui6, Zea mays
L. Yunrui8, Zea mays L. Yunrui88) with Pteris cretica L.(an arsenic—accumulating plant ). The results showed that all tested maize vari—
eties could reduce the biomass of Peeris cretica L. , but there was no significant difference. Intercropping treatments significantly increased As
and Cd concentration of the shoots and roots of Pleris cretica L. as well as Pb concentration in roots but significantly decreased Pb uptake in
shoots. Intercropping Preris cretica L. significantly increased the heavy metal content in different organs of maize, only the As uptake in the
stem of Zea mays L. Yunrui88 was reduced from 310.89 mg- kg™ for mono—crop to 145.86 mg-kg™. Compared with monocropping method, in—
tercropping of Preris cretica L. and Zea mays L. Yunrui88 could significantly enhance the improvement efficiency of the soil contaminated by
As, Cd, Pb in intercropping system.

Keywords: maize; Pieris cretica L.; intercropping; heavy metal
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PRI R T S BRI E S RIS Y L R
GRS E S B SR E AR, Hok H -5 Y
FEEPE 0~30cm HJEN, SLHRE 0~15cm 12,
Cd 433 | R+ B85 o B — A 60 A5
100 4%, Pb 438 1.72 f5H0 2.72 £, =EEEANH
TRTR EE 2 WSS, RURr= 85 4 b, FRER
FOSTAHEFRT IO XK H L EHRRA, N E
X 7 b E 4B 2 B R BMERIKIK A Cd >Pb>As,
t Cd Bysb i BRIE SRR, FI9ikE 455 DL LTS
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YRR 5 B, JB TR TS YL ; Pb KM R BRI
FHyiR%) 3.08 LU L, 5ERER K 4R, BTRER
YusAs WM RIS ECN 237, 5YSER N 3
KRB THEBLRLE, X ERREHESAR
FHESE, XL ESETUERIK, 238
Yt A AR, B 2 i A A 3, Bt , 7 IX ]
A% H 3B AR 4Pk

WYEE BA B RRG#HT . A
R I G i Yy ) = e 1] 51 B (S N A 32 e e
LA ENBEE , BR—FABIFEREY, REEEFE
HERBEEEY SRKEFWEY EREM, M E M
WHREE 48 AR LA B Y B , [F
it E R BB AR 77 A S TAEFRE R & R E s iR Rl
SAEYIREIR, B — AT BRI A = O 2T
IR WREFE R RN, HERRA
PFREAR IR = SR MY X AE N B 48 MR, s i 55
KARER RS AFERZHEDEE, RS FERMKE
[E4E, FTLAR 5 R A R 5 R L B FRXT Zn Pb.Cd 3
MESEOR . XMEEFHTAI, SE5EXR
(B4 RT LAAH AR XA AR R TR B 5K
YRR e 2 B4R 15 Y IR AIBESE , KL AR
YEYIRIEAE X E AR TR A A HREE ; AR EK
it E 48 Cd.Pb.Zn fl Cu B EH2 M ffl2
AP RED, MATRREEYSR—EDE
KR SBFPEEBE ES RGBSR, HIHRE
AL, ARBET As BRBEYKHHOHESR
A A TR SR PRIV , EEBOAR R K S Rl Kk ik
TR As K& Pb Cd (M, A K K3 0 1 5
XFEK B S INE SRR, s 2 AR
R A SR T, UBIAF X As.Cd #1 Pb &2
A5G B E A PR LSRR

1 #MR5F*®
1.1 fik#r

HER 0k B =AM R TR IS YR M, 3%
R B AFE B 0~20 cm RJZ 13, FAXT ERE
15T it 3 mm i, HEARBAMR IR 1, R 1A]

WL, 13 SR B 177.06 mg-kg!, B E R LI HLAR
HEMEIRY 4 52 Fk B = s Yednife , 4B =
P

A FhRHBE B A b R S KM A BT, 7
T2 R E g, PR 2 5 7 B Tl
BAb B, FKFPT = R KRB RAEBr RIS AP
R SRR A =5 6 5 (Zea mays L. Yunrui6)
=i 8 5 (Zea mays L. Yunrui8) . =% 88 5 (Zea mays
L. Yunrui88),
1.2 B 7G#E

¥ B 18 cm. & 20 cm ) PVC &#H47 1384
ik, IR S MK & A N:P,05K,0=150:
100:150, 4%+ 2.5 kg, FHhk = HIAFK R
70% ,~ V-5 2 A5 , BRI v Y , RV E SRR Y
Y5 BIFER LRI SIFTERZN, AL ER 538 «
Kt DA EBAE(D/I/D); =i 6 5 HAE(Y6/Y6);
=Ei 8 SHAE(YS//YS); =i 88 S HLE(Y88//Y88);
Kt ONES =5 6 SHEAEDIY6); K3t Hik
B 8 SREE(D/YS); K3 HA R 5 =5y 88
SAYE(D/YS8) , 3t 7 b B, AR 4 N EE,
328 . PREFR/N—BII R DB EG E6 FH
M, J 2 10 cm) AR, EAMFZE 10%H,0, #17
KHHE 10 min JFIRIE 8 h HEHER ., R 2~3d 4%
THGOK, RIF BRI, £ 3~4 d ERFIF R,
ZERAKRFH— B2 10 d, T 13~15 cm) ], B
YERMH DA RS TR A& B k4, EE —
REARFI—RRM FH DA R (RUEPIARAE Y Y 59 401
TEZ AT, 2011 45 A 15 HHEFP,2011 48 A 15
H IR R I O A R K oK BT A BRI —E A HE
KA PRI o
L3 #mE52HhE

SRS , BRAE B R I 1 B A FOR B A i
& R— s [RVEAL B[R] — 2 AN R 43 S W e
— AN CE B R O R A3 S b b AT B
g3, BRI A ZE =0 A B Rk
BT HE HAEE FKMYE 3~4 K, ENETREHRE
i, Y MEAL EREHETE 105 CFRE

®1 il HIRERELER

Table 1 Physical and chemical properties of the experimental soil

pH  AHlSE/mg-kg  2Bf/g-kg? £R/gkg?

&8lg kg

HE&R & E/mg-kg!
As Pb Cd

B Bmg kg BB /mg kg

5.89 29.16 0.61 0.99 14.21

10.05 40.35 177.06 467.9 1.01
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30 min, 7E 70 ‘CMHET 48 h J5FR T2 . METHE 5k
AL RS ST AR EAE A

fllf\’m 0.5000 g E%#lﬁl B Hﬁ HNO;-HCI10, {‘ﬁ% ’
JE TR 66 R (TAS-990 ) I E 4L AR & B, Bl Y
W5 I — 2 3k AU F IRAR R,

3% FH Microsoft Excel 1 SPSS #4431 56 U 4E
1375 250 ¥r, BEMZE UK PH#0.05,

2 ERE5H51

2.1 AELEEMHENE
2.1.1 (A 2% 3 i B A A B A B

MFE 2 AT LFE W, BIVE TR M3 0 i A A=
YWEAEA —EMMEIER. KHOBES =5 88
B BH 6 SRMER, HAYEHET R HOHE
BME, R O RAEAE Y B2 2.06 g- Bk, [EAE
=hG 88 5 mE 6 SAMR SN 0.89.1.29 g,
{E R B B R B B B KR (P>0.05) ; 5 =% 8 5
[EVER A O D BRI RGN 16%, EFEEK
Xof AP 3 B A A A P A — i BB B R
P E bR AE Y B AR R 5 R R B B K,

R 2 EEA R MM ERI KM FH A EEWERIRME (g 45

Table 2 Effects of intercropping on Preris cretica L. biomass

( g-plant™ )
Qb3 il AR ik
D//D 1.37+0.46a 0.68+0.38a 2.06+0.84a
D/IY6 0.74+0.30a 0.59+0.32a 1.29+0.57a
D//Y8 0.96+0.38a 0.79+0.25a 1.79+0.65a
D//Y88 0.62+0.19a 0.25+0.07a 0.89+0.18a

EFBHRSIER/NEFERR P0.05 KEERAREE, FPHL
R 3 WEE VP HELhREE

Note: Same small letters in the same column meant no significant dif—
ference at 0.05 level among treatments,data are means of 3 replications

(mean+SD).

2.1.2 AEAHEFE R L&

M3 3 RE , 5RO B RER I T F R0
AR AR, A E A HEIRE; =56 5.
= Hi 88 55 KM DL FERIVER A Y& 5 T R AE,
Iy HIREI AR 1.74.1.67 155 =% 8 S5 RMHO
P RWEA: Yy B B R R R RIVE K &
fhrp, =% 6 SAEY R s (B 3432 g) B KT
HALFTA TR B, AR SRR R O &
FEA T EFREAER. SR 2 MW, BB X%
5 FORIEME, X B KA A Y2 a R HEE A, Z0m

R 3 FELEMEREMEL T (2B

Table 3 Effect of different treatments on maize biomass(g-plant™)

Ab 3 R E I Bk
Y6//Y6  2.51+0.12¢  10.84+2.94a  6.39+0.48a  19.74+2.92ab
D//Y6 4.34£0.39a  19.17+6.89a 10.81x1.17a 34.32+7.96a
Y8/Y8  2.67+0.39¢  11.88+3.24a  5.46+0.75b 20.00+3.99ab
D/7Y8 3.65+0.21ab  18.47+2.28a 8.42+0.91ab 30.54+3.08ab
Y88//Y88 2.55+0.12¢  7.35+1.24a  5.12+0.48b 15.02 £1.67b
D//Y88  3.27+0.36bc  14.45+6.12a  7.36+2.00ab 25.09+8.12ab

. FPRFIRR/NE FHER P<0.05 KELEREE  FhdE
3 RER I ERERE, T

Note: Different small letters in the same column meant significant dif—
ference at 0.05 level among treatments, data are means of 3 replications

(mean+SD). The same below.

TRMHFHOBERER,
2.2 AEAEEY EHNESERIRNE

AREFET R TR B 3 FESE As.
Pb fl Cd BRI 4. [AE=H 8 S EERE T
KFF O B BT As B IE (P<0.05), 55
YEAM LLIR B IR IS 41%, W EIVES TG 6 5 . =i 88 5
BB R T R D A B R As AT ; [R)
VET K B EREAE T KM O A B 3% Pb A%
Wi, FEARIE B 43%~46%; [BIVE =G 8 5485 TR
i F b BT Cd R, HIEEREG 6 5 .
=% 88 5 KR B FEAR T K-S B B il EFXT Cd
B, TR FIE = 5 88 5, FRAKIEEE N 62%, ik
BB EIKF . AIVEE Kb EFRXT As Pb.Cd BT MCE
B3 T B oK B YT As Pb.Cd BRI (P<
0.05), =i 6 5. =5 8 S M=k 88 SIEMELMF
T X As BRI 43 BAAERY 2.43.5.02 £5 71 1.48
i, %t Pb AR ISCER 5351 BRAERY 6.26.6.08 £5F1 1.79
i, Xt Cd AR5y 5 BAAE Y 3.8.1.46 £ 71 3.4
f. BHIRE , AFE L EAEEAFF As-Pb-Cd E&
Y HENBEE
23 ARLEEYHNEEESE
2.3.1 BERRIERSFG K HOLERES RS R

S

FESHERE 1), 5 FKEELEKHHO
N M FERE) As Cd IR E 2R B3 (P<0.05). 5=
B 6 5. =Ht 8 S H 88 SaIME, Hu EF# As ok
- O BB A BB I T 106% . 116%F0 111%, T
Cd BRI A0 T 103%.50%F1 164% , Hh 57
g 8 S EIMEMI R DR 3 As WK, Hb
TER M Pb B . FES FOREWEALRE TR KOk
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% 4 FEHEHREYH M ESBHRRE (ug-ke!)
Table 4 Uptake of heavy metals in shoots of tested plants under different planting conditions( pg-kg™)
O3 x
AR As = H:‘I:Jb 2 As & Pb Cd
D//D 513.65 +70.86b 83.44+8.37a 3.04+0.01a
Y6//Y6 73.57+6.48¢ 10.85+0.79d 0.45+0.09d
Y8//Y8 140.22+29.37cd 12.89+0.67d 0.56+0.01d
Y88//Y88 457.19+£16.29bc 12.69+1.02d 2.41+0.34b
D/IY6 327.31£21.33b 45.35+£6.08b 2.63+£0.01a 178.86+18.52cd 67.89+1.52b 1.71+£0.06¢
D//Y8 725.52+80.52a 47.50+£12.09b 3.34+0.15a 703.99+£16.67a 78.41+0.58a 0.82+0.06d
D//Y88 135.01+30.52¢ 45.31+£21.07b 1.16+0.13b 676.95+36.43b 22.69+1.08¢ 8.19+0.04a
ity - H Pb KB EWEAE, Hrh 55 8 S © 400
I F A S0 2 Pb BCRAE, 4 194.00 mg- Lol . .
kg, RAKMIFONE IR 56%; HKRESEH Yook O 4
88 SR, KT3I 0 ME b IE Pb R K R B
243.98 mg-kg ! JEEAEN) 71%; 575 6 5 FIFEAL T & ol
RS54 262.03 mg-ke! 1 76%. 5 ol B
RT3 134 8 AR T R FRE A AE B B - > ‘ b
PO, 5K 3 AR R MERT , BRZ 5 88 5 Pb &% . | | | |
B, B3 As . Pb 1 Cd Rk B &S FRMFOhE D//D D//Y6 D//Y8 D//Y88
B (P<0.05). 57H 6 BMMEKM I 0 BARE
As.Pb 1 Cd & 245 R BEAVER 2.43.9.08 £5F1 4.71 1800 o a
1% 555 8 SRERIMIBES F1 1.89.10.62 %71 1600 b =
5.99 fi%; S5 88 SAAE AR5 2.22.1.83 B oA
1R 6.98 1%, 454 3 M &R I OLITE , Kt £ o] o
FHOME 575 88 S HEIVERCR BT &r 800 |
2.3.2 ARGGHEX ERESAFEESE & REM & 600 ¢ 7 . a
WAL 2 AT LA H , 53 A SRS T K o D [h
KR R ES R SR, A =5 88 B G At oL . . .
CAEEEESR , 25 As £ B BB RT3, A B4R b b6 DS DS
K1%. EH 65 T 8 BHEH 88 B, LRI
OB AN T, 25 As WK (R 75506 B, 1 1207 O s a
WHNZH 85, M 88 STEHAMAIE T As & loor B ab
BER TR, SR H DA R R RN E kS ¥ sof b
As [T RSNG4 5 5 O 2 a4 mij;" 6ot ’—D
J B EHARRES T E K 3 A FIR RS As BN, 3 &
X 6 BRI R FoK 3 A58 o .k N 2
T As S B RBERIONIRS 20, A Z5 88 =B | |

S HAERERIUONZESR> 0, FORAR ZEMXT Pb.Cd
A, 7ES5RM I DA RN 153 B R
R OB NAE S FOKEAE G 3 Pb & & B 3%
TRE(E 1), U EKTER & B 5%t Pb AR,
T RS DR BT Pb B, K 3 A

D//D D/7Y6 D//Y8 D//Y88

AR/NEFRFER SN EER B P<0.05, FH
B 1 BMEREERGMEAHHODEEEESENN

Figure 1

Effects of different intercropping modes on heavy

metal concentrations of Pteris cretica L.



553185 TH

SR U 1285

PP R E Pb & B REERBERINH>R>ZE, R
A i 88 SHMERTRIUNZESH>R; BHi 88 55
R DA EEEEZE Cd &84 54.75 mg-kg™, &
BAER) 9.64 1, B3 R T HAMPIEOR AR, FK 3
AR A E Cd 3B B EEREERIUIR>H>ZE,
24 AEAEENMNERRYMEEZRAY
2.4.1 R NLES TRITEERE

H13% 5 AL, g AR IR SR MR, R D A R
XF As B 8RBV T Pb.Cd B E &R EL, A
YEEK Y8 1 Y88 B T RIS ML FXS As Y
HERAY, RASsH6 SHEERARE (P>
0.05) , BLBA EAE E KIS RIMHH D F As HERAR
B RIS DA E R Pb B E 5 R EES KM

. OAs @Pb mCd
" 350}

D//Y6 Y6//Y6 D//Y8 YS8//Y8 D//Y88 Y88/Y88

a [OJAs m@Pb mCd

‘DI/Y6 Y6//Y6 DI/Y8 Y8//YS D//YS8 Y8888

2 EERMHFABENERRMERERKES BRI
Figure 2 Effects of intercropping Pteris cretica L. on heavy metal

concentrations in different organs of maize

Yijg BEMRTBAE, EEN KM+ Oh B 4 Pb 7=
AAHIVER, =5 6 S RMEIVE S/, Hik 2
=i 88 55 5 EKMEMEA SRS T R0 0 =Xt
Cd MEERE, K 5%%, 88 SEERFIREE AT
BAER 61% , 353 3K F-(P<0.05), F13K 5 5kF , K
M3 O3S Pb.Cd MEEREI/NT 1, WX As
M EERBGETE KT 1,

HRMHFOHERENEX As EERECERM
HIVER, R =% 6 S-SR FHOhEEEGE E4
REPUS R, MVEL R BAER 1.4 4% MR 3
F i 5 B 2 BRI T =35 88 5%t Pb A E £ R %K, [AIE
BHEERECH 0.079, HAHAER 35% 44, i 6
SHMZH 8 X Pb MEERBIE S KM HOHE
IEAE o 582 s RVE R D Bt 2Kk Cd &
ERF B B, K =5 8 STEEERM I
NG Cd BERBHE/NTRIE, ek 6 55
=4 88 STERIMEG Cd BRI EE R THAME,
XYL, BIYER M OB ERR N R ES RS
PRFEFINH Z 53
2.4.2 RMFHMES F R REL

M 6 ATLIEH, 5 FKREERERS T K3
AN As FZ 23, Hh 5% 8 SfERRE
IBERK, KK b5 =5 88 Sk, e 25 =5 6
SaEE, [EVEERXG KM O X Pb %58 R
WA BEEW, 555 88 SREDERE T A+
FAIFEXT Pb 552 280, MR E R HBAEN 67%;
EfERH 6 5. =F 8 SHIKMHOAFENT Pb A%
18 BB HIBAR E AR 43%F1 53%; KM3H0%
Nt Cd 552 25U Pb 32 RPN, S =H
88 SHIMERTE M IR LR B E K, METH 65
MzHs 8 S EIVENIERF B B R, {2 PRI B R R B
BEKFE(P>0.05),

[EFER I O B R T =5 8 S X As [
18 R B, MVEAL B A B 18 R ECH BAVER) 1.19 £5 1
=i 6 5 . B 88 S HRMIH O AFEREIEREXT As 1
18 REE E LT HAE(P<0.05) ; 5 KM O h B fE]
YERERR T KN Pb MFEZ R EL K =5 88 &
FEEVERAE TR IEE B, YRR 52 R BO BAE
i) 4.86 5 ; =% 6 S RIVERMH D EfEXT Cd #9%%
1B ZEUEEREAR, RA BAER 65%, 15 K304
HEEHBERE T M8 S . S5 885X Cd i
BB 7B, HP k88 SIMEG Cd #is REUEH
YEf) 4.41 £,
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x5 BUHNERRY

Table 5 Bioconcentration factor of the plants

Jhg RO B kK
As Pb As Pb Cd
D//D 16.554+0.440b 0.231+0.004a 0.023+0.001b
Y6//Y6 0.750+0.010b 0.088+0.005d 0.048+0.002¢
YS8//Y8 0.837+0.029b 0.148+0.001¢ 0.087+0.001b
Y88//Y88 1.272+0.274a 0.228+0.001a 0.049+0.001c
D//Y6 17.213+0.531b 0.103+0.001b 0.024+0.002b 1.045+0.029ab 0.206+0.006a 0.088+0.001b
D//Y8 20.290+0.391a 0.010+0.003d 0.026+0.003b 0.730+0.020b 0.234+0.005a 0.083+0.004b
D/7Y88 19.080+0.021a 0.069+0.001¢ 0.037+0.001a 0.955+0.035ab 0.079+0.004d 0.123+0.002a
xR o6 EMHNEIZRAY
Table 6 Translocation factor of the plants
e RO B E5/S
As Pb As Pb Cd
D//D 14.256+0.045d 1.760+0.021b 1.947+0.001b
Y6//Y6 10.259+0.596d 19.496+0.244¢ 10.988+0.020b
YS8//Y8 11.550+0.150c 24.474+0.106c 3.868+0.064¢
Y88//Y88 27.774+0.002a 14.274+0.018f 6.832+0.108¢
D/7Y6 15.803+0.002¢ 0.753+0.002d 1.935+0.001b 7.821+0.081e 21.264+0.276d 7.090+0.080¢
D//Y8 18.401+0.030a 0.931+0.001c 1.857+0.049b 13.800+0.020b 55.584+1.016b 4.914+0.154d
D//Y88 17.842+0.001b 2.932+0.001a 2.830+0.010a 8.186+0.294¢ 69.352+0.027a 30.161+0.005a
3 Wi RIFFH H A B EERFIARERXT As Cd #9945, Pb A9

3.1 EMEEMERG THE KR

AR, RFEEARN K DLERER
AYRAHRIER, FRZZMT RNAEYE,
X AT BB PO 5 FORBIVEREAR T K3 O i 5% 57
TP TES T, AR TR & 48 T 05,
b [a)5E S B e AR AR T R DA R A
W J7 SEUSBTSE T LD R A R AR S R G SS A
FRR R F R, G5 R R, [ BRI K
JRE . FERAEYEN ] R N A R ER R
i, ok A DB IR R M RIR , H TR
HE , GRS AR (1998— 1999 )MRYEA [F] &
PRIBY FORMRTE A 22 S R B3 BV AR LA KoK 23 ki
NPT T A A AR, 4SRRI, S
YRR E SRS TS RE I R, HOUwR |
PUEMRBE 7 FIX T T R93E L BE J73858 , DERA 4 X
YAy BA RSN RIAME R . I, #EATELE
BRGSO YRR BT, LIk B AR R
TP AR AEOR
32 EEREMEMRRESRHEN

MIELERKE (B 1), AFEEKAT LB RS

W SR R R S D B B3R EAR R T 5 0K (]
Ve, B EZRAPIEMRER; T E R ARG E BB R T
As, FFBA ZHNAR R B AP ER, PR
Z AT, et Yrns - on R 19T
PEFIGl, FEARAR MR b % — 16 )R i T i ) A
AT, DR raE S TP, . X
AR R AR TOR(EHER M D R BRI E SR
BN, RIS EFIRERN B ESEBEEEY
SERFUEY TKRER B E S YR IE SR AL
RILPFEEEEYIERE . TEREFEPIR R
B, a7 AT AR R A B R AR R,
XA Kt ] IR & F Y B E P sz
Crik
HERPSTHYANEGRKES L EPE
SR Z L, R IR Y A A Wik N R
HMEERS, E—ERE LR T ARTRE L
B-HYRGE T TR RES. AR SHEH, KMHDO
HEX P Cd RIEERBEY/NT 1, XS As BEE
REFIRT 16, X 5FHHH BRFEIRFEPRI BT ISR
HRFE, R DR As 8 RBUEY) ¥z RESF
THY M P ES R R EMEYRORREGHM T
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WEEBWEREMAEYRNFRRZIL, FRIEN Y
HE R MR I mME 8T ks,
F 6 ATLIE S, [RIVEALH A K O A FEARES Pb.Cd
() BAEH B F b B3R, A X A E 4R R
FER I FH O3 B AR, X 2 [ e AL B K - 3
¥ Pb.Cd 712 REUFECA FERA

RIGERBR, BERMH O A N EREHE
ME LB WA (R UEE R, BXT 3 FES R AR R
FOHEA RIS BRI —B0E; mERMHOhES
FORBAEX E LB ZE R NEESEMRME
KBFMARTS . H3 6 AT, [BIVERMF O B
= 8 B4h, B 6 5. B 88 S As MR iE R B
HE B BRI, HRESH 885, MR
(27.774) R 181/E (8.186) i) 3.4 %, F R A&
& As R EY), FIREE—ERRE LR T OB
T As [ EEAREE ; ERA G R PR E4E
W, 45K 0 RREEELR , i R B ER
=L RERER KNS H 88 5, [AI1E(69.352) K5
YE(14.274)K) 4.86 £, XFTRERH M HIEELET
SEA B L L R RAVEY A9 5 7% 32 ML A, 531
M0 s EoRXF Cd M R, RAE =5 6 57
[E] VAL FE BT B0 , HoAth A U SR BN BRI T 1R)
fE, FeRlESE 88 5, [MIMERIE RECHHAIER 4.41

(~r
Ho

ERERARBEMBRICY SR H O &
BIPER T84, Ba2EPR B, 8 R, rar Ll
e BEARTE R A B, TR B RO TE T RE 4R
R B TR A, TR U 2 B A R XA IR Y
B 3 MmFEARXS 3 M ES R E R RN
18 ZBORNE = TR, 5285 K SFPH5T
SR WA, HIFEEE AR — PR

4 it

BRI A S AR R ARG, 7 TRAR
W BERR R R LA RN As B9 RFE, TR Xt
R  Ja WRMA B 2 ) DR 4 R A0 K A P T
5o ANIRIVERS I 11 10 B0 35K it o A ) 2 ) 3
I, R E A ERT As P Cd 4R ICERFIF K i
Xt As.Pb (IHRIERE, EER 3 MERBMMUS
T 8 S RMVERCR Bt 4 & B & R BUNEL 12 RELs
B, R H 8 S Al LIMEN As Pb.Cd 754 13
BB RIS R DA EERN . I, 5=
BAMMEAR H R, AR R H O E oy

BEY, TTSEH 8 SRIME, MG St
As.Pb.Cd BITERRACE, B 8 SEARREAMER
RSN R, BB TRABII

S E 30K :

(1) RH535, BAS, FKE, & JHALEREEZT ILESR G
BUIR SIA TR SR Wra A HERfh ), 2003, 22(2): 152-155.
SONG Shu-qiao, LIANG Li—fang, ZHOU Yong-zhang, et al. The situa—
tion and remedial measures of the cropland polluted by heavy metals
from mining along the Diaojiang Rive[J]. Bulletin of Mineralogy, Petrol—
ogy and Geochemistry, 2003, 22(2) . 152-155.

[2] ¥R EE5E, 7 AT, SKIEL, 4. R AN ST KES R IITEN K&

TR EIIRI]. K LARFFEHR, 2009, 29(6):208-212.
ZHENG Guo —qiang, FANG Xiang —jing, ZHANG Hong —jiang, et al.
Heavy metal pollution and vegetation restoration in Gejiu Tin Deposit in
Yunnan Province[J]. Bulletin of Soil and Water Conservation, 2009, 29
(6): 208-212.

[3] Eapen S, D’ Souza S F. Prospects of genetic engineering of plants for
phytoremediation of toxic metals[J]. Biotechnology Advances, 2005, 23 .
97-114.

[4] Singh O V, Labana S, Pandey G Budhiraja, et al. Phytoremediation: An
overview of metallicion decontamination from soil[J]. Applied Microbi—
ology and Biotechnology, 2003, 61.405-412.

[5] Baker A J M, Brooks R R. Terresstrial higher plants which hyperaccu—
mulate metallic elements: A review of their distribution, ecology and
phytochemistry[J]. Biorecovery, 1989, 1:81-126.

[6] McGrath S P, Zhao F J, Lombi E. Phytoremediation of metals, metalloids,
and radionuclides[J]. Advances in A gronomy, 2002, 75 :1-56.

[7] Lone M I, He Z L, Stoffella P J, et al. Phytoremediation of heavy metal
polluted soils and water: Progresses and perspectives[J]. Zhejiang Univ
Sci B, 2008, 9(3):210-220.

[8] ILEBR, S, AR, 5. B A REF R L REE PRI
WIEEHE R, R FFIERLE AR, 2010, 2908 ) : 267-272.

WEI Ze-bin, GUO Xiao—fang, QIU Jin-rong, et al. Innovative technolo—
gies for soil remediation : Intercropping or co—cropping[J]. Journal of
Agro—Environment Science, 2010, 29(Suppl ) : 267-272.

[9] WU Q T, Samake M, Mo C H, et al. Simultaneous sludge stabilization
and metal removal by metal hyper—accumulator plants[R]. Transactions
of 17th World Congress of Soil Science, Bangkok, 2002 355.

[10] % ALE, RI5 &, RITHE, 5. RERX SAFREYRREN RS

BRI RENET]. H EERERLAE, 2009, 29(9) :985-990.
JIANG Cheng-ai, WU Qi-tang, WU Shun -hui, et al. Effect of co—
cropping Sedum dlfredii with different plants on metal uptake[J]. China
Environmental Science, 2009, 29(9) : 985-990.
[ XIEE, BRIRR, B 08, 5. DS ERAEXMR B SRR
IR s ER @R, 2009, 25(15):206-210.
LIU Hai—jun, CHEN Yuan-quan, SUI Peng, et al. The uptake and ac—
cumulation effect of Cd in the Maize—crabgrass in intercropping system
[J]. Chinese Agricultural Science Bulletin, 2009, 25(15):206-210.
[12] 8 7=, RIA%E, HE, F KERRAEKREMRT Zn 551508



1288 Z W XA R SR ERFIR M I O R RE SR R

201247 H

RYALBERLNI[T]. FRBERL2E, 2007, 28(4) . 852-858.

HEI Liang, WU Qi-tang, LONG Xin—xian, et al. Effect of co—planting
of Sedum dlfredii and Zea mays on Zn—contaminated sewage sludge[J].
Environmental Science, 2007, 28(4) :852-858.

[13] EHIH, ZIWUER, TRk, 55 B ISR SR B e X %5 A Rl - 3%
FYERA SRR, FRERLE AR, 2004, 24(5) : 890-894.
WANG Ji—qing, RU Shu-hua, SU De—chun. Effects of Indian mustard
and oilseed rape CO—cropping on absorbing insoluble cadmium of con—
taminated soil[J]. Acta Scientiae Circumstantiae, 2004, 24(5):890—
894.

[14] REEK, R sh, R4, 55, MRS TR A RIXT MK 3

H R R W E 4 R AR IR [J]. R OL BRI AL 22 4, 2011, 30(4):
666—676.
XIONG Guo-huan, GAO Jian—pei, WANG Hong-bin, et al. Effects of
chelators on the uptake of heavy metals by Solanum nigrum and Preris
cretica var. Nervosa growing in an intercropping system|J]. Journal of
A gro—Environment Science, 2011, 30(4) : 666-676.

[15] Eledr, DER, Fise, 5. EAMES R BRRSHE 8 &R
Z R £S5 RNFEFR, 2010, 26(4) :367-371.

GUO Xiao-fang, WEI Ze-bin, QIU Jin-rong, et al. Differences be—
tween corn cultivars in accumulation and translocation of heavy metal
[J). Journadl of Ecology and Rural Environment, 2010, 26(4) :367-371.

[16] EZE IR R, EREARWER. GB 15618—1995 3% R
BEARMES]. 1995.

State Bureau of Environmental Protection, State Bureau of Technical
Supervision. GB 15618—1995 Environmental quality standard for soils
[S]. 1995.

(17] St H. - e Al AT M58 = AL - h EROl H i, 2000.
BAO Shi-dan.Soil agricultural chemistry analysis[M]. 3rd. Beijing:
China Agricultural Press, 2000.

(181 75, EHEE). LEB AR R HES RGN EKp R F
BREIALT]. o E RS2 4R, 2002, 10(1):50-51.

YE Fang, HUANG Guo—qin. Maize diseases and pests of field ecosys—
tems under different structures on dryland red soil[J]. Chinese Journal
of Eco—A griculture, 2002, 10(1):50-51.

[19] Z=W0%, ks, INEGE, 2. ARIZEE B ERBIER R4S

AR FHALNT]. AR AR, 2002, 22(12):2096-2103.

LI Chao-hai, SU Xin—hong, SUN Dun-li. Ecophysiological characteri—
zation of different maize(Zea mays L.) genotypes under Mono—or inter—
cropping conditions[J]. Acta Ecologica Sinica, 2002, 22 (12):2096—
2103.

[20] FER, S0 &, JeHioE, 4. FIHEMMESRINAEE &SR
G+ ()] R FFERI M, 2005, 24(6) :1262-1263.

WEI Ze—bin, WU Qi-tang, LONG Xin—xian, et al. Phytoremediation of
heavy metal contaminated soil with mixed chelators in co—crop system
[J]. Journal of A gro-Enwironment Science, 2005, 24(6) : 1262-1263.

[21] 288 £, 2%, T AL 5. AREY S EREEXT ERPBARR
ERBIRZMAT]. DA 2], 2008, 19(6) : 1369-1373.

LI Ning—yu, LI Zhi—an, DING Yong—zhen, et al. Effects of intercrop—
ping different crops with maize on the Cd uptake by maize[J]. Chinese
Journdl of Applied Ecology, 2008, 19(6) : 1369-1373.

[22] HHHM, BRI, EER, 45 RHF 0L E: —FE R A S 0
BIRILT). 2 A 24, 2002:777-778.

WEI Chao —yang, CHEN Tong—bin, HUANG Ze —chun, et al. Cretan
brake(Preris cretica L.) : An arsenic—accumulating plant[J]. Acta Eco—
logica Sinica, 2002:777-778.

231F X ¥, EEF, S EREEAIHE T EXRMETRRE
ey B Rmal)]. EKP2E, 2007, 15(3):91-95.

CAO Ying, LIU Yang, WANG Guo-—jiao, et al. Differences in lead and

cadmium concentrations among plant tissues of 25 Maize cultivars un—
der the combined stress of lead and cadmium|J]. Journal of Maize

Science, 2007, 15(3):91-95.

4] #A3R, RKE. B % F ERMPEE. B ZEENEYR
K2 Pb.Cd BIFZIA]]. LR A24R, 2006, 26(5) : 1478-1485.
HUANG Yi-zong, ZHU Yong—guan, HU Ying, et al. Absorption and
accumulation of Pb, Cd by corn, lupin and chickpea in intercropping
systems[J]. Acta Ecologica Sinica, 2006, 26(5) : 1478-1485.

[25] FhINE, B IOL, 3K B, 5. ZRBEE G5 YR H Y
RMES 0N, F EFRSERLE, 2010, 30(9):1281-1286.

SUN Xiang—hui, TENG Ying, LUO Yong—ming, et al. Combined phy—
toremediation effect of several plants in PCBs contaminated farmland
soils[J]. China Environmental Science, 2010, 30(9) : 1281-1286.



