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Phytoremediation of heavy metal contaminated soils by intercropping with Sedum plumbi-
zincicola and Triticum aestivum and rotation with Solanum melongena. JU Shu-yun'?,
WANG Jie>”, SEHN Li-bo>*, LI Zhu®, CHEN Ya-hua'**, WU Long-hua®, LUO Yong-ming>’
('College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China; *Key Labo-
ratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy
of Sciences, Nanjing 210008, China; ’University of Chinese Academy of Sciences, Beijing
100049, China; *Hunan Normal University, Changsha 410012, China; *Key Laboratory of
Coastal Zone Environmental Processes, Yantai Institute of Coastal Zone Research, Chinese Acade-
my of Sciences, Yantai 264003, Shandong, China). Chinese Journal of Ecology, 2015, 34(8) :
2181-2186.

Abstract: A field plot experiment was conducted to study the effect of Sedum plumbizincicola on
metal uptake by an intercropping crop of Triticum aestivum and a following crop of Solanum melon-
gena in the subsequent growing season from heavy mental polluted soil, and to explore potential
cropping systems for simultaneous remediation of contaminated soils and production of agricultural
crops. The results showed that in the intercropping treatment, there was no difference in biomass
of S. melongena or S. plumbizincicola. Intercropping with S. plumbizincicola significantly de-
creased Cd concentrations in T. aestivum by 52.4% compared to the monoculture treatment, and
metal concentrations in the following crop of S. melongena also decreased markedly. Compared to
the control, soil total Cd concentration in the intercropping treatment declined by 24.3% , show-
ing highly efficient Cd removal. These results suggest that a cropping system consisting of inter-
cropping S. plumbizincicola and T. aestivum and then rotating with S. melongena might realize the
combined benefits of phytoremediation of metal polluted soil and the simultaneous safe production

of food.

Key words: phytoremediation; crops; heavy metals; intercropping; rotation.
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ERZEE® TGP EEE A MR
DIJENAEE RAE AR 345 A5k —
WG Y SR S R T T [ 19 T S 0 5% (96 B
1999 ; WL ¥R [E145, 2000 ; Chaney et al. ,1997 ;McGrath et
al.,2003) , H 2 5ok F RS B 18 5 75 g + 4%
i 2B ] SR B WAL o 46 S /0 B0 g 31 8 R AL
D EARFR RAEY) 5 8 A SR AR Y[R  AhAE, A PT REAE
15275 Y T e [ SR AT & T A AR A T E
b= iy, A — PN T ZE ] Wl AR 7 A2 vk Bl
HOAL B I 7 34 ( PR, 2005 ) o ARk, 48
AT B R LS M P AR 18 52 B R 5%
K2 (R, 20135 BE RS, 20135 7K B 45,
2013) HEERHAISAHF . 2455 £ 55 (2008) W5 7
FIEY) 5 E K AR5 R IR 4R 45 R R B0, 4 Fh
SRMEYI R IEEE 5 F KR (Cd) R B iR, FOKRE
FUAFRL G0 U REAR T E KX Cd MR B, B %
(2007) WFFE IR, AR R e R A FoREFp 48 & T
A B AT SRR IR (Zn) A1 Cd BYSRER T 2R
77 ) EOKF R E 4JR S AT A B R RDRE DA AR
e, MHEE(2007) 75 5% 0 8 AR S AE P il Skt A
SRR B AL ROR S AL & B, TS XT Cd
AR ZUE IR T Cd X/ E R,

I 5 K ( Sedum plumbizincicola ) &3 - & B I1)
— P AR AR B R T S R B Y A (R
1B2E 2006 ; XIF 25 2009; Wu et al.,2013) , I8 r
T ZME AL (TR A, 2010, BAME A SR, 2011
REWY KT %, 20125 4% 1 4§, 2013 ) . i F ( Solanum
melongena ) Je i B HIBL R Z —, B ), A K
P o, E R 3 T AR 2 4500 hm? (ZEAE R
4,2006) . i ARG EAR AR ORI R, H 1R
W 5RAR], I HARXT T 2328 RSx4 R 1Y
AW B BB (VLR 5 2006) . HETE A0
HEXER SR SEY RIER HiE . & KEF (2011)
WEIE R B, 357 K 5 K R e VR b ml i g 52 75
Y +IEREER SR, [N FFEAL G KRS e
U  ABAE 52 R 5 /N2 ( Triticum: aestivum ) 55253
RUFE Y RIVERT , T 2 M R R A K Z 38, f7
TEM TR 5E S KA, H i T S KRR A X £
B E SR NEAEN, AT RS ES Z BER /N
(Y 4 R S PR R AT & (2012) BEAEA 5 R
5 SRAIE 5 B, [BVEXT AR 5 R b B Zn |
Cd e B TC T S sz, 5 35 BRI T Sl B Zin
Cd & B, H A WOR BN , S 38 Zn ¥

JER RIS Cd WREEW RGN —Fh
A K H kY 38 RSB, S SRR EA
AT AR i R FH 2R s/ SERE TR 2%, T FLAT 22
ERCE Ot 3T B o oA U

R e fE R &SGRz —, A
25T (25 55,2006 5 457 8%, 2009 ; [0 75 18] 4
2010; X14%,2011) , M T H/NERIEZH N E
AR RFEEAN T2 5K, ARG YR
HCESRE S, H/NE S5 TR e 2 R mIEF:
W5 RN /NFE B e A 4 e o 4 R W i
M) 15 AR AT AR, ASHIFFE 480 1 FH ] ol DX S 6 P A 22
B VERE A 5 KX /N2 A K e T 4 T W sk Y R
i) i e VR O 5 26000 1A 4 I 4 TR AR M 1Y)
S, DUIERAS A A B R i bR AR B R
Wl X S R B S0 G KRS, Sy FE TR 6 S B 0 A
FEIE A R R S

1 MARMXEHARFTE

1.1 X5 X MR

TR HA T Wi T A BUNAR X, &8 T W ) b
S ARHT 2o U 1 2 X A0 | 4 AT R R | A3
TREE 16 °C AR K = 1425 mm 2T 5 ARI6
DR IRy e e N B 2P U oSl AW [ S
IR RS K R, RIS P E S R
bR, Cd, Zn HeFE 4351k 3.04 £0.11 A1 1299 + 96
mg « kg™ T E K L EIREE R = HhRE (Cd
1.00 mg - kg™';Zn 500 mg + kg™') 204% ,160% ,
GIRCE Cant: 8
1.2 fEp R

HER RS 5 KR A WA RB X, Bk K /h—
B A AR AR , 1 B AL B S5 A T
(RIS EA AT S KR O 48 FORK L KB Fok o
PET,105 °C &7 30 min, 80 C FHLT Z{H &, I
FEHA K Zn Cd WK, AR A e M AT = K
HERWIE(TEXESERE), mrehihE
SRR ARG, UM A W58 20 AT, /N2 SR Ry
B 55 W AT E LR, B, 5w
BT 3 R A 1 A 48 LR B A P 3R . 14 pH
T24, LIRS &K 29.1 ¢ - kg, BHES FACH &
(CEC) }11.8 cmol(+) - kg™, 44 N.P K 4+51H
221,022 f122.9 g - kg™',
1.3 MR

I 4 MEHE. (1) XFBE(CK) 5 (2) fEr 5
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BAE(Sp) 5 (3) /NE-iFEAE (Ta-Sm) 5 (4) R0 5
%//J\ilﬁ”/‘lz-ﬁﬁ¥%ﬁz( Ta/Sp-Sm) o %Eﬁi 40 cm
B R SERIAR HE F op, & T R 10 em, A SR
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g, R ) R - A i 28 5 R 43 A H, 0,-HNO, (2
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g, AR R 1 mol - L7 NH, OAc
(pH 7.0) $28(, £ 1 : 5,240 r - min ' ¥&3% 16 h
J& i g,

JEF WS4 G G BE 31 [ Varian SpectrAA220FS
(KJA) 220Z (A s=p) ]I B8 Zn  Cd MR,
DN o 7 B TR0 81 R A g i, IR K 2 Lo ) o
(GBW 10043 F1 GBW 10014 ) #1455 H #4743 My B &
P, B A ot 0 o 2 SR AE ARV PR 25V
1.5 Hdiaaba

% Microsoft Excel 2010 %4 #1 SPSS 16.0
A RE AR g, F e/ b 35 25 5k (LSD) kA7 25

x1 MERTRRB BRI FENE

S EM R, a=0.05,
2 HR54H5%

2.1 RO SORH BRI ROt AR R A P

1 RORIG R 5 R /INZE b 1 K AR
YIURE i TRIVEA BRAE /INZE RS FF A 4 P
YEBEAR 11.2% ABXF 0 50K il F RN AFRL I A=
Y B e 5, U/ N AR SOR AR i
SR SRR R AR AR S R IE R AR R, X
REAF /N AR =, HLX 5 2 il 1 28 4 J0 0 &
S
2.2 PRS- E E R

[ VEALFE T F 0 5 Kb 3B Zn VBN 1.75+
0.18 g - kg ', B HAAEALFHIY 2.39+0.23 g - kg ' FRAK
T 26.8% ,Cd WREEMITC % 22 5 . (H 5 /N2 [ /RN
SRR 5 KA Zn , Cd W W43 N AR
[ 230430 F14.24+0.28 mg - pot ' FEIEF] 15320 FiI
3.08+0.48 mg « pot”', F B IR & 43 A 33.3%,
27. 4%, Ui RIVEALBE T A ) 5 4V AR 55
R b T 4 T MR 32 B TS AR B ) R
2.3 /NFEH bR R R A

ML 1 TR P 5 R (B4R X /I 22 A FrOFF L
H Zn YR BE TG SR, HL M 138 Zn WREERS R, FPRL
H Zn WREEHIT 50 mg - kg, [EIVEEEF BAEY) B
REAR T /N A K R0 R i Cd ok BB, K HE A4 BRI
52.4% , MRAECEFTISRPBR EARAE) (2012) /)N
AZRPRL Cd WeBEAT 2 THRUE(O.1 mg - kg™ ) , MiANEE
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AR Cd BERAEAL I R 35.7% , AR

Table 1 Biomass of Triticum aestivum , Sedum plumbizincicola shoots and Solanum melongena plants

Qb3 RS- SN HiF (g - pot™! FW) INFE (g - pot™! DW)

(kg + pot™ FW) EXE R PER T FF FrRL
Sp 1.51£0.49 a - - - -
Ta-Sm - 28.4+4.4 a 6.78+1.0 a 23.4+4.7 a 30.4+£0.9 a 6.80+£1.23 a
Ta/Sp-Sm 1.34+0.30 a 225422 a 6.07+0.6 a 22.5+33 a 27.0+0.8 b 7.51+£0.96 a

JIA BRI LS E b 22008 o RISV T AR NS SR R AN [RIAR B ) 25 52 B 3% (P<0.05) o - R M N FAE, Sp AT 5K
Bl Ta-Sm h/NEE -l T 4841 Ta/ Sp-Sm i HET 5 K/ /N - 748 1
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0.05 mg « kg™ FW, FFLAMiANBER A, Anfitik £ 1
ShyE 4 R TG YRR A, D) ] 1 AR R A A A RS

145

125 |
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85+

65
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35

301

25
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INEH R Za R B (mg + Pot™)

|
|
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iz A
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F'

B 1 /Eih EE8 Zn Cd RERRIKE
Fig.1 Concentration and uptake of Zn and Cd in Triticum aestivum shoots

AR NG AR R R — TR i AR A BRIR] A9 255 1838 (P<0.05) , Ta-Sm y/NAZ- i T 4841 5 Ta/ Sp-Sm Sy P85 K/ /N R T 48
R2 FHTFEMERNEREREEL

Table 2 Concentration of Zn and Cd in Solanum melongena plants

g A

B3\ N (L T S oA YR
2.5 P EERURE AL
2 SAFEPO I 3 R R RS Zn Cd

2.0 -
15F A

1.0 -

a

0.5
b
0 1

T PR

INEHL_FFBCARE (mg - kg™)

40t

30

10 b

/NEH FERCAR R (pg ¢ Pot™)

FEFF L% A
WAz

b 20 (mg - kg™") M (mg - kg™") R (mg - kg™ FW)

7n Cd Zn Cd 7n Cd
Ta-Sm 244+13 a 2.90+£0.29 a 331+21 a 1.74+£0.14 a 2.69+0.13 a 0.14+£0.01 a
Ta/Sp-Sm 231+18 a 2.07+0.25 b 268+21 ab 1.20+0.12 b 2.47+0.18 a 0.09+0.01 b

R FEHE A RN SF R R R AN R b BN 22 5 . 35 (P<0.05)

Ta-Sm g /NAZ -3l T4 ; Tas/ Sp-Sm A HEGT 5K/ /INA WAl 1484

1200 a OZn mCd 13.0
L A
1100 2.4
T:o AB b
£ 1000} AB B b
&0 b 1.8
)
m 9001
% 1.2
B 800
H
700 - 10.6
600 ! ! 0
CK Sp Ta-Sm  Ta/Sp-Sm
PR}

2 tEFELER NH,OAc REVSFRIRE
Fig.2 Concentrations of total and NH,OAc extractable Zn and Cd in soils
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20 A 17 1.0
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— A —
2ast a 108 &
] o0
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g 12t c {0.6 g
g S
® 8r 104 g
B b4
Q o
3 :
= 4 10.2 e
z z
0 . . . 0
CK Sp Ta-Sm  Ta/Sp-Sm
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Sp AL 5 KA ; Ta-Sm R/ NE i T 58 ; Ta/Sp-Sm LR K/
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[TEgrie Il Aet 5 RIEMEBTA G, ARRT/hER
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