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A T K 6 R e e ) S A S R Y I S B R TR K T AR R R AR R R

(Sedum alfredii Hance) 15 % K ( Zea mays) JESF0, 335 B AR EERR 5 EDTA T4 8 000 £ b B, L) Je o0 75
KA X I8 S S5 U () R (29 3 o) MESE MM A P R A i LA L R R AR AL L. 4
SR, 40 PR S BB IR W HEATIE A T W SRRV Bl + IR 4 R IR AL B85 S RS ik )
Pl 5% 3 PR B T R T bR v, RN 1. 21 ~ 1,27 mg kg R 0.29 ~0.30 mg kg3 FE A 280 ~311 mg kg
W 196 ~ 199 mg kg5 {EL 2 - HER7F W00 305 VA S A A TR A VAR R A 2 B AR AL 2R P K AR IR 4
B A8 L AR T R 4 A e B R BOROR B A BB AR R I BSR4 T S K b i S 4
YR 0 T 2 G, T R A R AR IR A . R IS T A P A AR A AR o ) KRR 4 B
K EEr G TR . MR I AR I 5 T A B A AR IR | R R R B9 SRR R 32. 5% ~ 36. 5% , K 4R
AL 15 0. 47%~ 0. 60% , HiAx 63. 0% ~ 66. 9% g i 5 HoAlh 5 2 016 11 5 B o AL . W6 IR 7 (pH4. 7) +

e I, Cd/Zn ) T I AR g o R SR IO B A
RFER B RN R I8 R 5 K )i

L@
FESES X171 X #k AR IR
FHBR EHY B E RSB  EREEN
ZROMIBEE FRMFEAL., B HYBEE
() )R B8 43 S 22 o Baker 4537 GH T 76 98 [ 9%
S AR B0 3 HEAT 0 () 0, BF ST T AR B L
TR S 5 S5 M W 15 5 A TS e H A AL SR . Rob-
inson 25 75k [ B A Z R A T DR 58 4% 4 Bk
— B WF9E T8 WK (Thlaspi carulescens) &% 15 Y
LA g B B AR S T ) 0 B 2 R
X BB s B0 A KRS e - BB S RCR R, P
JINIEE 2 3 38 T R EDDS R 725 46 42 05 e 1
S8 4 T ) B, ) A 4 T iR K K R B R
] EDDS [ jifi FH X5 #b R 7K K BT ¥ A B S
Wu 255 R I 4 B 5 K15 6 oK ) 2 b R & 8 m )
IR BE A B AR, e H T T — Y5
SEAR G, 25 5 22 W 2 b T A 0 45 A AR T AR AR vE Y

KB A I AE A, T HL S A ORIR A 8 N )
Psefb o6 e ROk . B RIEAT SR,
ARER WL B BRI
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Na, FIFFAE TR « Tl Ay, W ) M 2K 30T X 7R (i Ak T
Wi o PR R A7 0, I AR A R B T 3
1.2 K58 HEEER

(e KA RV N <R S i E A RS R T 3
KI5 QAR A 4R 7 R 20. 8°C, oG 3224,

PAF [T B 2 200 mm, JE O B 2 KU U
3 232 B RYRE AT K I 75 4 i v i 0 2 Tk 8
P 348 K 900 38 A4 b %, 29 2 km fHL7E IR 06 0 AR
HL gl K B SR T e R 3 O AR BT
TG g I T AR A E LR 1

F1 TEMARERBEHLER

Table 1 Basic physico-chemical properties of the soil and lime

A BB £ e i e R Readil
eadily
Organic matter Total N Total P Total K Alkalytic N Available P pH
. . . : . . available K
(gkg™") (gkg™") (gkg™) (gkg™) (mg kg™") (mg kg™") »
(mg kg™")
+ 3 Soil 34.76 £2.75 1.74 +0.15 0.59 £0.04 15.37+0.62 143.8+8.32 58.82+7.42 76.89+3.64 4.69 +0.03"
£ JK Lime — — — — — - 12.6
) 25 A A R EEE Sl A R N
CEC Se: 95181
Total Cd Total Pb Total Zn DTPA-Cd DTPA-Pb DTPA-Zn
(cemol kg™') . » . . » o Texture
(mgkg™") (mgkg™") (mgkg™") (mg kg™") (mgkg™") (mgkg™")
B 1.231£0.237 108.8 +12.1 286.2+49.0 Wit
+ 4 Soil 5.42 0.689 £0.129 25.16 +4.30 39.34 +8.17
(0.30)% (250) Sandy loam
fi /K Lime — 0.4 19.9 — — — —

V1) MO T G BRI 2% 5 2) 455 o 0 0 2 - MR B R Bk BRI Note: 1) The soil data are all mean £ SD (n =4); 2) The

values in parentheses are Grade II criteria of the standard for soil environment of China (GB 15618 — 1995)

1.3 HEKKEAR

H A 5 3 A H (3R 2) , A B 4 R
i R R BEPLIX 4155, 4/ X B 4.8 m?
(1.2 mx4 m),

AR PG e R AR % B R BRATHE 10 em x 10 cm,
BAN 118k, BEAT 39 PR KR AR % B2 BRATHE 40
em x40 em, B/NX 30 BRE K, KR o
R 75, B 3 ORLAN -, EOK E =) A
B R 1 k. AR R R R R FH AT 4 i A oAE O 2k, b
LIS B O /INE — (R B 5 K B3R (29 6 em =)
HESA TS X I E

HELEHEAT 5 U H IR 5, 5 — W H ] 5

2008 4F 4 H 22 H MHIEY , i J5 — U7 2011 4F 3
H 28 Bk, Bk B i —F AR R —F
oK, A PR 4 BRF i e AR 5 L3 3
AR /N X 300 g B4, % 5 7 (i (]
B ) 4y 2 WO TEVE RIS A5 1 AN 2 A A it
A5 Bk 25 (I ) K ) 43 3 Wit 76 1 0 B L UG
1E2 M3 AN AN . S vk e AT R
K (pH 29709 4) , FoKAE T A K, BT A /K A
AR R I Bt BN 0.3 kg m 7, AR -
175 R B K, 7 B SR T TR B AR e G
FIAC 259716 TR IR (KRB R AR WA HE)

x2 HERXRBRLEAR

Table 2 Design of the field experiment

Kb 3 Treatments

AL PRPE A Treatment details

HiFh Mono-cropping
£ ff Inter-cropping

£ff + MC Inter-cropping + mc"

AR A B 5 R
AW RS EKRBIER CRINR A B )
ARG ER R LR + MC 5 mmol kg ™' +

D)MCIREHMA AR A7l /EDTA (FE/REL) =10/2, jiti A 5 mmol kg’] + MC: Mixture of Chelators, consisting of citric acid/ED-

TA (mole ratio =10/2) , application rate: 5 mmol kg ™" soil
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Table 3 Time table for planting, harvesting and fertilizing of the crops in the field experiment
KK S. alfredii E K Zea mays Jii it Fertilization
wIF AL B ] W B ] AL ] R ESIE St
. T
Sequence Planting Harvesting Planting Harvesting Type and rate
Application
(yyyy-mm-dd) (yyyy-mm-dd) (yyyy-mm-dd) (yyyy-mm-dd) (g plot™")
1l o A A
2008 - 04 -22 2008 -08 - 18 2008 - 04 -22 2008 -08 - 18 SER4Y 2 vt Y
1*' cropping (15-15-15) 300 g
2 W 2 AT
2008 - 09 -22 2009 -03 - 15 2008 -09 -22 2009 - 12 -25 SE594% 3 vkt Y
2" cropping (15-15-15) 300 g
3w wHEE A )
2009 -03 - 15 2009 -07 - 15 2009 -03 - 15 2009 -07 - 15 SR 43 2 Wit
3™ cropping (15-15-15) 300 g
554 W T E ALY
2009 - 10 - 15 2010 -06 - 05 2010 -03 - 15 2010 - 06 —22 B SEY4 43 3 Wit
4™ cropping (16 -16 —16)300 g
%5 WD YT L
2010 - 10 - 17 2011 -03 -28 2010 -09 -28 2011 -01 -03 N SEH41 43 3 Wit
5™ cropping (16 =16 =16)300 g

1) 5 5 UGAR S AT AT A /N X I A KR 13 Before the 5t cropping, all the plots were treated with lime to amend the soil;2) Blue compound

fertilizers (15 —=15 -=15) from the Batian Company;3) Compound fertilizers (16 —16 - 16) from the Haomiaozi Company;4) Split application, twice,

50% each;5) Split application, three times, 33% each

A A R ICEE/NX 0 ~20 em HF1E
J 0 -, DT RS R A R AL B /N R A TR
FUH . AR 5 RICIR AT 2 J8 it F , 48 /0 X3t 71
5T 70 L WEACHR W T R BT 70 LK gk
AREE S R R JCR A ) b B Y /N X BE 140
LK,

- RE R R AEFNAL B WY S TE B 2k T AT i SR RE 2%
K5 AR/ NX SRR R 8 SR A VR R 20
em JREN 1 kg 247 H4E, B RISCE E KT, K
AT UL A AR R R B R B LR B 2 20 H RN
100 H /Y JE R0, e f A7 T E 0 48h & .

K 1 SR £ 0 b B - AR B /N IX K R R 2R
SV S BN 3 A AR R M R OK R AR R A
KL, FRECE KRR E B 100 g /o7 TR AL E T15 H b
B (SerE 105°CHEFE P35 30 min, SRS 7E 65°C T
HE FIEACE B ), B OB R 5 R mE AL (ORI,
HR1727/06/AC) By BRI A7 T 21 10 4 v £ HT, ] B H
— P /N DR LK s AN IR 3 R AR SR
PERE AR AN 2 Bh T RS T UTEL 20 em K
1124 500 g (/B S RISLEE =, S A kK ai vk
T AR A T OB ZE K B et T, WD RE LT R 150 ¢
Ay BT H A, AR 105°C M4 2R F 30 min, 4R

JAAE 65C Tt By BRI A T8 A8 a5 o

AR 5 KR AR AR B 5 — 50 = SR Y
5, BRI, 8 2 F S0 R AR AR, T B9 U0 5T i
S o I b R B A /N AR R R
S LU IR R RO, 39 O B, B (2 2 em)
gkgiE R, ARBst R E RS, A KRRk T
e, IR R B 3 3, B+, B TR S, 5ROk
—FERET B RE A AR T E O AR
1.4 tFmoiHr

b HEN S I H #2387 1527 (R RO AR
SR Or ) T AR LA 4. R 1 4R 4
o i O TR S o = SR A (GSS-4) BEAT it 4%
i, = T 0 A R A A T STV R N

T RE ah B 4 R I E R T KR - R
W = R WOOETE %, b T KRR A A A I 2
R A s A I W OO 3k, HC A A 0 A o G R
FR I R K i e i ko LA S U7 ik
2% W o/ A I BB BE bR ME T ik (GB/T
5009.12 - 1996, GB/T 5009.14 - 1996, GB/T
5009. 15 —1996) . AEWIAE it i) T <5 J 20 aod 7 v o
A B ZARERL YR L (GSV = 1) BEA7 i 4, 3 Bl
A O MERA B B AR RV R A
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Table 4

Items and methods of the analysis of soil samples

MEIH ltem

M %€ 77 7% Methods

A HLF Organic matter

4 Total N
44 Total K
4l Total P

T % % Alkalytic N

H % Available P

HALSN Readily available K
pH
P 728 it CEC
457 5% BE Total Cd, Pb and Zn
H Ak 55 5% Available Cd, Pb and Zn

JF L, Texture

KRN - SN Ak

AR IF R i

NaOH # filt - K 6B 12

NaOH 15 filt — AT L (0 3%
T A B v

0.05 mol L™" HCl -0.025 mol L' (1/2H,S0, ) = #i%
T R S I 4, KM i

pH 1 HL i %

1 mol L' Z Wi stk (4 8hiE &)
K - AR - T WO
DTPA - TEA 242 - FF Wi %

PO T i (R PR 3 - 3 B 3th 4328 )

1.5 #iEgtE

B4 Excel2003 % B AIE &, SR F SAS9. 0 %
X B G AT T 22 43 A RN 2 EE LA

AREE RO E RSB A 582 (0 ~ 20 em)
iRy I N i 7l N W <

HIP R TTIR R (% ) = (MW ¥ T8 x &
SIEWE) /(M LR R E R x BRZAE +
B 4 Jm vk B 22 {H) x 100

FEA A S5 S s 45 IR R A BTk, B

PRI S5 R DT (% ) = 100 — 4 4 £ L 5T ik

2 ZRHE
2.1 EEHR

Bl A8 2R e W AT, - 4 R AR L EE
AW TFRE(E 1), 5 ARIRAR R EFMERM + MC
AP+ IE M 1,21 ~1.27 mg kg”]}%jﬁj 0.29 ~
0.30 mg kg ™' ; 147 M 280 ~311 mg kg ' FEH 196
~199 mg kg™, ik B T E K 4 K BE R R A
(GB15618 —1995) {3k (Cd=0.3 mg kg ™' ,Zn<

M 200 mg kg ™') .
L5 a 350
= b
1.2 1:;\\ —o— ififip 300
1.1 T Monocropping
10 N\ o \
2 09 o\ 2 250
2 08 < -5 o
g 0.7 LN Intercropping i
@] 82 l\\ N 200 \/l_
0.4 —A— M +MC
0.3 N Intercropping + 150
0.2 MC
01 1 1 1 1 1
0.0 R 100
SIPIRN s PR ue
S AF A0 N N AN AY S S
SO B SSge OB
ST N
L2 , R
RIIKEL Experiments R VKL Experiments

E A SN 4 AT REIE; BRI R SRR, EMERERR S EREM, MCAREGEHIMA, AN 5 mmol

kg ™' 1+ ; FIA] The value of each point is the mean of 4 replicates. Mono-cropping: only Sedum alfredii, Inter-cropping:

inter-planting S. alfredii and maize, MC: Mixture of Chelators (applied at 5 mmol kg ~'soil). The same below

A1

Fig. 1

U H ) U 36 S5 A% A PR SRR B A R R AL

Changes in content of Cd and Zn in soil after 5 croppings in the field experiment as affected by treatment
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M % F 4 B R AT A /N K AR T 110 I g S R IR D8 7 MR LK ) 1
~130 mg kg ' Z ) E T F K MR EE R AR R
(250 mg kg’l,GB15618 -1995),3 a i 4 5t G HH 07
275 Ak (RO g ) 06

Tk T 4 vk B I W S [ R G 1 18 A 2 04
S R UK I TR R ORE R L A A o
7 B A LA BRAE (GB2762 —2012:Cd <0, 1 mg 01 A
ke ' Pb<0.2 mg kg™') (P 2) . 45 =I5 UK R ——— I ¢
T G 6, K R T 4 B e A R B T R R It 2nd  3rd  4th
AYFIRE R 3 & 5 T AE bR dE (GB13106 - 1991 :Zn <50
mg kg ) B A EAE 3 ZR B MR B T AR, 6 4 R 100
Sy T

A5 PR R, 55 2 URBK & 2 A 7 I KRR
B R AR R AR 7 (GB13078 - 2001 : Cd<0. 5 mg
ke '), Hfb#B %A MR AT il .

T A 7 £ T oK 25 R S R T A T A L BIE H2E B
A bR (NY 525 2011, $CHms ) , ol /£ 45 HLAE R It 2nd - 3rd
2.2 BREAERMFIHBR

T 00 45 b /N X (1 A A BRI
BEES BERAREEMMEMN + MC LiEE 4

R A B A S R (1), B MC X

BRI B¢ UNUETR

TEA YR B )5 T, B R + MC B Cd/Zn [ B8
BEASFRR (P 3) o MC {9t PR AT % 0 4% 5t K 119 2 %«11::,@ ‘fz? %;3;** %:f
KRKLE 2 RIS 3 BRI (K 5) . RAEM (TR
I MC R, A e 3 5 45 R 8 K X - 4 R o N .
B LT 280 LR BT 108 T A R LR e

a

mE L

Intercropping

Cd (mg kg™)

Zn (mgkg™)

-

Pb (mg kg™)

Heavy metal contents in corn grains of the four croppings as

i, - Qt% ]ﬁ A I E/J ﬁ%ﬁ 5y QA j?. ':F' ‘@ + ig b3l affected by treatments
450 a 60
350 ﬁé Monocropping //
Z 300 77 ~ 40 —
s 250 77 - 3 /{;a
£ 200 // / Intercropping ;1; 30 // /
3 150 7/ S 20
100 —— L +MC / /
o J/ Intercropping 10
_.ﬂ +MC
0 b b O N b 1 b 1 1
4% 4% & 4% N '9 ~ ﬁ{b‘:\o 4%%\*\
rqe rﬁe rﬁe “/«‘4’9 r%e ’Wz
% % % %
R B Experiments R B Experiments

3 FLUCH A U5 AR g R PR O B R R

Fig. 3 Cumulative amount of Cd and Zn phyto-extracted by the 5 croppings of Sedum alfredii
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Table 5 Biomass production of Sedum alfredii (shoots) as affected by treatment(kg hm > DW)
! B 55K EUERe AL/ A .
iy " it
) (F P H ) (KA ) (BRI (kW) (BkF AU
Planting treatments Total
1*' cropping 2" cropping 3" cropping 4™ cropping 5" cropping
Hifh Mono-cropping 93 +85a" 870 £531a 3314 £512a 3 543 £415a 2 731 £340a 10 551
R Inter-cropping 194 +73a 814 £294a 3301 £377a 2 815 £525a 1959 +165b 9 083
EFf + MC Inter-cropping + MC 193 £103a 304 +176b 2 457 +1063a 2 853 +557a 2 150 +150b 7 957

1) V38 + bRl 22 ; R P8R B A AR 2 B R TR EE R 2) B KB RK S EREM MCAORARMA (AR K 5 mmol kg ™' +) 5
KA, 1)Mean +SD; Means in the same column affixed with the same letter are not significantly different ( Duncan’s test,p =0.05,n =4). 2) Intercrop-

ping: Inter-planting Sedum alfredii and maize, MC: Mixture of Chelators (applied at 5 mmol kg ~'soil). The same below

55 B A KGR SR Cd/Zn &R R
B (52 6) o T H., it f MC % 4b PR AR & & AR
RABMA MC AT S E A ES R, HiZE 4G5

<6 JR T B TR A Tk B R R TR B K Ok 2
Rt PR B A S T A TR R AR
T 7 K RS el

®6 AXHBKEFERRXEESESE

Table 6 Heavy metal contents of in Sedum alfredii of the 5 croppings (mg kg™', DW)

£ Ff Inter-cropping

10 200 +883a

10 410 2 760a

13 390 +2 060a

10 830 =1 624a

. I B ot/ =W EHILE/ LR/
PUSE 1 X
(FFh W) (BR AR 1) (B IR0 (BKRR B W) (BR A A7 0)
Element Planting treatments
1** cropping 2" cropping 3™ cropping 4" cropping 5" cropping
Cd HiF Mono-cropping 72 +20a 120 £20a 121 +41a 69.0 +14.4a 29.4 £9. 1a
EFp Inter-cropping 81 +22a 122 +43a 127 £40a 54.9 £11.5a 28.6 £10.5a
EFp + MC
75 £22a 162 +50a 102 +24a 77.7 +2.8a 15.9 +1.3b
Inter-cropping + MC
Zn Hifp Mono-cropping 10 150 +1 780a 10 490 =1 740a 14 230 +2 450a 12 420 +598a 5359 £403a

4789 =1 140a

£Ef +MC
9 685 +431a 11 090 =1 060a 10 090 +2 050a 12 370 =1 080a 3 560 +450b
Inter-cropping + MC
Pb Hiff Mono-cropping 17.9 £7. 6a 8.2x1.2a 24.3 £5.3a 31.9+5. la 13.6 £1.5a
£ Fp Inter-cropping 16.8 £5.0a 8.7+3.7a 22.5+2.5a 21.5+2.2b 11.6 +3. 6a
EFp + MC
18.6 £2. 1a 12.1 £3.5a 20.9 £2.8a 27.5 +1.2ab 11.5+2. 1a

Inter-cropping + MC

2.3 BEEMHYR

1) A PO L, SRR R R R AL B RR G 1
AR IR /0 fE R R T LR B A 7 R, B
PR BB (K 2) o RS R aakitR
a8 7 [ AR 56 45 SRR AL (RS T 95 0 it K )
BRI B ) S 0 O T

6] Fh AT HR T KRR S0 (£ 7)o {H U,
552 BRKA T TR KB 2RI FIRE R R
i L TR U4 5% % o A R i B, AT RE R AW
WeAAE TS W, IR BRE LR EEE
W HEAT , {E 25 AR AR AR, T RE S b R A

A (L3 pH ZULJ5—H87r) o S UKt T
R R SRR, BRI AR KOs, HOR T E
LRSI A I N 7R T VAR = 7 N S B N [
AR TR, bR R TR IE, A B A& B R
7 RN VR AR, 3 5 2 0 8 0 5 Bk & I IR
FREF

EFAEAE TR L N Y (AR N TN K=
Foft A WS AR AT 45 — 2 A A 6 KR L AN 25 0, o —
A oen Al S EOE R AR I B . O IR E
AR AL RE G5 A7 4 38 4 i WIS R A AR B, DA T L 1S
TR FAE A0 R - B R R
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Table 7 Yields of stalks and grain of corn in the 5 croppings as affected by treatment(kg hm >, DW)
P S K ®W =W N/ R
GAES i
(F ) (kA &) (F P E ) (F P E ) (BP0
Plant organs Treatments
1" cropping 2" cropping 3™ cropping 4™ cropping 5" cropping
= £ Ff Inter-cropping 7 398 =1 336 2914 £1 047 3 896 =1 396 1200 =207 3570 137
EFh + MC
Stalk 8262 +1619 2 548 +1 728 5470 =1 920 1 058 +175 2 851 +464
Inter-cropping + MC
N B
#Fki Grain 2 254 +633 227 +111 1852 +797 162 £123 —
Inter-cropping
EFp + MC
2 897 £920 149 +122 2175 +1120 113 £25 —

Inter-cropping + MC

2.4 BREBEIRNEN

Bl AR m, LI SR T EA
B (1 1), AT AR 5 3% it 56 A ) 2 I o 4 ) /b
AR(E2) . RIS TR BT R R T
W = U A R T M d 22, o D R 4 R
JE AR EE W R B SR Tl A KR R R S
A UCHT ] 3 38 AR R St K B IO L B B — o A
PSS

B — YA 6 AR P 7 K AL I 1), ) e A A
TR HILUGAE (K 5) o 2 MU H )5 AR w5 K
R M (R R AR AN RORMCHD ), AR ],
Mo LA o e HAS BR R Dy — AR AR B =
WA 20 = R DU 6 2R P 5 K Ml b AR A )
THEN 3 ¢ hm AT R I /N X (AR SR

KAk 14 ¢ hm ™) 5 b 7 At /N X 36 19
FIP(2~5 thm ™)™

6 SRR, A% Ab HZR B SR KB A R AR 4
WA REES BT 55 ~160 mg kg™ Z [, 5
4 FMHIE RS | FMERRK. KRR
AL A 5 A AL, /T 4 Z 4% Ak B R B0 AT 0 22
St BT 9 700 ~ 14 000 mg kg™ "2 [, WIR B
e E R RS BT B R ACRA —E 2 W B TR
2.5 tRECRTHREXERSH

IR AR BN X 0 pH B W E E R (R
8) , Hil 4 U1K 56 45 o Jim 45 Ak BRI 475 48 O e 3 25 5
HIE R G A A7, 39 pH AT FR B a3, i 4
PR R R C R E pH 4 72470 I, 28 UG5
AR R+ pH BT T .

®8 AXHEEKKRAESELE/NK T pHHEL

Table 8 Variation of soil pH in the field experiment as affected by treatment

A . _

Ak 3 H—wa

Before

Treatments . After 1™ cropping
experiments

8 WE

After 2" cropping

SRR WG

After 4™ cropping

B =W

After 3" cropping After 5" cropping

iff Mono-cropping 4.97 £0. 11a 4.67 £0. 16a 4.71 £0. 10b 4.54 +£0.05a 4.08 £0.05a 5.45 +0. 14b
£ Ff Inter-cropping 4.92 +0. 14a 4.68 £0.20a 4.75 £0.17b 4.50 0. 14a 4.04 0. 06a 6.23 0. 59a

EFh + MC
4.84 £0.11a 4.66 £0. 15a 4.92 £0.13a 4.60 £0. 11a 3.98 +0.09a 6.23 £0.09a

Inter-cropping + MC

S B 1% 4 A A h 0.7 mg ke ' (K
0) | 5 S HY H 13k ST% 7247 , W) - HERG I P 7S
S0 5 45 b T 90 R B 0 AL S
R 00 30 45 R + M4 2 B R R
e A O B A B R

TIERBRRYE, EEBA S AW,
TR A5 VN 50 550 A A 2 B0 ROCR R 7, DA B
bR R EE AR 5 5 — b 88
L2 SRR S
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Table 9 Changes in DTPA-extractable Cd, Zn and Pb content in soil as affected by treatments( mg kg™ ,DW)
B \ R B—WE 8B WE BEWE EUN G EE R/
TR A =X ik 56 /i Before ) ' 1 } ;
After 1™ After 2™ After 3™ After 4" After 5"
Element Planting treatments experiments
cropping cropping cropping cropping cropping
Cd Hiff Mono-cropping  0.78 0. 11a 0.74 +0.21a 0.53 +0.05a 0.23 +0.07a 0.11 £0.01a 0.07 £0.01ba
ey
0.72 £0. 16a 0.71 £0.23a 0.55£0.13a 0.23 £0.07a 0.10 0. 02a 0.07 £0.01a
Inter-cropping
Ef + MC
0.67 +0. 17a 0.61 £0.23a 0.52 0. 16a 0.30 £0. 06a 0.12 +0. 04a 0.06 +0.00a
Inter-cropping + MC
Zn HiFf Mono-cropping  50.5 = 10. 8a 53.0+13.3a 41.2 +6. 6a 22.3+1.9a 15.1 +2.33a 3.18 £0.43a
£ Ff Inter-cropping 40.2 +6.7ab 45.7 £9.4a 37.4 £9. 6a 20.4 +6.4a 11.4 £2.87a 3.17 £0.71a
EFp + MC
37.5+9.4b 35.8 +11.8a 30.9 +8.8a 21.0 6. 1a 13.3 +6.41a 3.39 +£0.48a
Inter-cropping + MC
Pb B fi Mono-cropping 24.1 +5.2a 21.3 +4.8a 26.7 £5.5a 26.0 4. 7a 24.2 +£3.32a 23.6 £2.5a
£ Inter-cropping 25.6 +4.9a 23.1 +4.6a 27.9 +4.7a 27.3 +4.2a 23.6 £2.06a 24.4 £1.0a
£+ MC
25.7 +4.0a 22.7+5.7a 26.9 4. 6a 28.3 +3.8a 24.3 +1.54a 23.2+1.8a

Inter-cropping + MC

HRAE 0 ~20 em 32 T IESLIH AT 2 1) &R/ HE
Fft + MC 8 W15 & 4k B AY 4 1 4 55 % 06 R 76. 0% ~
76. 4% (% 10) , Ho o HR 4 h 0 W S0 B A5 B 9 AR
R REEHUA STk #6h 32.5% ~ 36. 5% , £ K $& L
(AL 0.47% ~ 0. 60% , H: 4y 63.0% ~ 66. 9% H ik
et R TS [ e P e SN op e g o R A 1o

0 30% ~36% , 7R i 5 K Y STRR AR 37% ~39%
ERANH 2% , H Ay 60% A7 by bk i 45 Ho Al R 3R 14
YEH . BT IR IYE (pH 4.7) 88 EBR T HE 9 #2
BUEBR Cd/Zn, 1) F kSR B 2/ . EER T
HEIT R B W B AR, R TR B AR
ff - e AR 1 A AP A

F10 AEXBTEECEERREEZSN

Table 10  Analysis of factors causing the decrease in soil heavy metals in the field experiment
- T T 4 R AR R PNR PN G ER G TR AR T A 16 2 sk 2R
PIVE-N x
Soil heavy metal decrease  S. alfredii contribution Zea mays contribution Leaching etc contribution
Element Planting treatments
(%) (%) (%) (%)
Cd HiFh Mono-cropping 75.7 36.5 0.00 63.5
EFp Inter-cropping 76. 4 36.5 0.47 63.0
EH + MC
76.0 32.5 0. 60 66.9
Inter-cropping + MC
Zn HiFf Mono-cropping 29.2 57.6 0. 00 42. 4
£ Inter-cropping 36.0 37.2 1.98 60. 8
EFh + MC
30.0 38.9 2.07 59.1

Inter-cropping + MC

D P IRITTIR R (% ) = (Y L3 T8 x EEmWEE) /(N IRRZE L EE x BENE HIEHE SRR 2EME) x100;2) #kiE %
RNZETTHR (% ) = (100 — 1Y HEEUTTHRZ Z F1). 1) The contribution of the plant uptake (% ) = (Dry weight of the plant aerial parts x metal

content) /( Dry weight of the soil of a corresponding area x Difference in metal content before and after the remediation) x 100

2) The contribution of leaching etc = (100 — Total contribution of the plants)

http : //pedologica. issas. ac. cn



1064 + b

2,
=2

il 51 %

T 00 5 AR X AN [ 7 B A 4 AR AT /N X BORE
Sy AT HOBRPAE R OR R P AT R S B R
0.72+0.32 mg kg ™', WA BEHEN 2 52 ;4P
THBEE AR RA N 41% , EE K EKN Z 5 &
(EARW WD), WA BEWEIEK 76% > T 35% .
P, R 7 e K A 400 88 BB 6 1 B A0 )3 4 ke o 2
fEH .

3 45 ®©

3a MM FRN, St iEL S5 KA EMBEER,
TR 1.2 mg kg ' ZEATFE A 0.30 mg kg ' A2
A, DT Ik B B 58 A 3 PR 8 T i g bR o, BE LA
Pl HE A ZI K& TRAE BFT %,
TELTRYE (pH 4. 7) 13 I IR A W I35 & 26 B0 ik
R R RIER T IEE S BORBR. MR m =
K4 @ Y S 4 L A [B) 22 PP ey 2 (H 2, M
FhAEAE S 75 Y £ 3 0 [A] B 0T A 7= 55 A 1R 6E 4R
HE ) T RAFRL, 78 N Z2 Hb /b 0 v [ 5 HLoA #E ) v H
M. AR RIEIES B OIFEIFEAEBET
Mo BR T Znmd st RIRILAL, Cd/Zn 0] TR 7E R 2
3 Cd/Zn TREPWEREZEEM . R, 57T
PR PESME T Cd/Zn BB m] F KB AR A FR I 5T
Wi o

£ % X B
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PHYTOREMEDIATION OF INTER-CROPPING WITH CHEMICAL ENHANCEMENT
OF HEAVY-METAL-CONTAMINATED ACID SOIL: A LONG-TERM FIELD EXPERIMENT

Zhou Jianli'?  Shao Le' Zhu Huangrong' Wei Zebin' Wu Qitang'’
(1 College of Natural Resources and Environment,Key Laboratory of Soil Environment and Waste Reuse in Agriculture
of Guangdong Higher Education Institutes, South China Agricultural University, Guangzhou 510642 ,China)
(2 College of Agriculture, Yangtze University, Jingzhow, Hubei 434025, China)

Abstract In order to verify the effectiveness of long-term application of the technology of inter-cropping remedying
heavy metal contaminated soils, a 3-year field experiment was conducted to have three treatments and 5 croppings, Treat-
ment IC (inter-cropping of Sedum alfredii and corn ( Zea mays) ), Treatment Mono-cropping ( Sedum alfredii) and Treat-
ment IC + MC (mixture of chelators consisting of citric acid and EDTA ). Plant yields and heavy metal contents in plant
and in soil were monitored for comparison. Results show that the total Cd and Zn in the soil decreased continuously with
the progress of the experiment. After the 5 croppings, the soils in Treatments IC and IC + MC were remedied to meet the
criteria of the National Standard for Soil Environmental Quality (GB15618 —1995). Soil Cd decreased from 1.21 ~1.27
mg kg 't0 0.29 ~0.30 mg kg ' and soil Zn from 280 ~311 mg kg 'to 196 ~ 199 mg kg ~'. But no significant change was
observed in soil Pb. MC did not enhance much phytoextraction of heavy metals from the soil. Heavy metal content in the
plant of S. alfredii and heavy metal phytoextraction rate of the plant was not decreased with the year. Mono-cropping of S.
alfredii was higher in biomass production than the plant in intercropping in all the four rounds and so in total phytoextrac-
tion of heavy metals. However, in Treatment IC, the corn turned out to meet the hygienical standard for feed and even the
hygienical standard for food in the fourth cropping. Calculation based on harvested S. alfredii shows that the plants con-
tributed 32. 5% ~36.5% to the decrease in soil Cd, while corn did only 0.47% ~ 0. 60% and the remaining 63. 0% ~
66.9% was attributed to leaching loss “and other factors. Soil Zn was in a similar case. These findings indicate that in the
studied acid soil (pH 4.7) downward leaching and S. alfredii phytoextraction both play important roles in reducing soil
Cd and Zn.

Key words Sedum alfredii; Zea mays; Inter-cropping; Heavy metals; Phytoremediation; Long-term field experi-

ment
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