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Absorption and accumulation of Pb, Cd by corn, lupin and chickpea in
intercropping systems
HUANG Yi-Zong, ZHU Yong-Guan, HU Ying, LIU Yun-Xia  ( Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences , Beijing 100085, China ) . Acta Ecologica Sinica ,2006,26(5) :1478 ~ 1485.
Abstract: Owing to several human economic activities (such as application of municipal sewage sludge, atmospheric deposition of
Cd, mining activities, application of chemical fertilizers and pesticides) , lead (Pb) and cadmium (Cd) contamination of soils has
become more and more serious in China.

The effects of different intercropping systems, namely, monoculture of corn ( Zea mays var. Tiandan No. 8), corn/lupin
( Lupinus luteus 1..) and corn/chickpea ( Cicer arietinum L.) on uptake and accumulation of Pb and Cd by these plants in soils
contaminated with heavy metals were investigated in a greenhouse experiment. For intercropping treatments, there were the
following separation modes : (1) no separation; (2) separation by a plastic barrier to eliminate root contact and solute movement;
and (3) separation by a nylon mesh (30 um) to prevent root contact but to allow solute exchange. The results showed that there
were significant changes in biomass (shoot and root) of different crops under different intercropping and separation modes. The
concentrations of Pb in the roots of corn were significantly affected by different intercropping systems and different separation
modes, but Pb in the shoot of corn were not significantly different between separation modes. Pb concentrations were lower in the

roots of corn cultivated in the compartments separated by plastic barrier or in corn/chickpea intercropping systems. The
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concentrations of Cd in the shoot of corn were not significantly affected by both separateion modes and different intercropping
systems, but there was significant difference in Cd accumulation in the roots of corn between separation modes. The changes in
concentrations of Pb and Cd in lupin and chickpea plants under different intercropping systems and different separation modes were
also discussed. The concentrations of Pb in rhizosphere soil solutions decreased with growth time, but the reverse was true for Cd.
Pb and Cd concentrations in rhizosphere soil solutions were also affected by intercropping systems or separation modes.
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HFRPA#TISKERMSRERN ANESSIENRKUIE T =RENRESET R URLE KREGH
REEAS  ERLBESRABRAE™E, A THHTARHKLERR2EAAWISER EX+ BB
EREIES mg/kg, EFFHRBEKETRETE 1| mg/kg, BEEFRFHEI~SE, FEBEFRT ARIKRI™
HEWNITRESRBREEAE, MEFAAXETBAZRAST AR FCZIABANTENREY, BHEY
THRASEEIEPHRRELEASHNBEEERENEMAE , NTFr AHKABREENN I LR, B F
KPEAGHENT FREARMEBZAB L EELRISPHUR™E, ZABESRITEEENSRH, K
RHELHEHO~15 cm M 15~35 cm B ,Cd SR HER LIEA TR E = FAHEH 60 Z4EF 100 Z4%, Pb 2 51
H1.72M2. 72457, WABMAMKFRR Y SR, RE LB .M KB W LSV + R 28
HER Pb.Cd FWITYE, T HEERBREAZWEDNAR, #M LT EWHEEANKNT G EA KK @
Bo RRKLBHEHENHRER KT ER EYRESEESERED L EELROBKMRER, X FEH
HAMBERES,

HEREEFERREEZROEHAEORLEESZ —. SRS5SREAREYEIER LEF L—FFREESF R,
XMEESFRBEFFERE: DHEYTRSAAL B K SEER ) GRTERABHEDEBREE";
MRHER AR Y A UBE R )R BEYHEEFRAT S BEENEDEIRA ™
B, RAMEYEEX +RESR T EHEREA ARES A& SCHF R SRR A RHE R /ERT L
EESRIBHAEWIENR BN L EESBISYIREML —EISKE,

1 #HEE5HZE
1.1 13

PR ERAVEERKLTEETET L, tBEREGEKNT EH. 21 om i RE, ULER
B REDEFRIARNH, ORI HERN: + 3% pH 7.86, A YL 29.4 g/kg, CEC 4.80 cmol/kg,
Pb679.08 mg/kg,Cd8.10 mg/kg, T PR AR : <0.02 mm & 31.20 %,

1.2 #HAEY

BREXRHPEHRVBETREREMYL, F A 8 5 ( Zea mays var. Tiandan No. 8), %%E(Lupinus
luteus L. ) F &Y% & ( Cicer arietinum L. ) MR KF|) T FIEFEERERME, MFL 10%H,0, BRIHEF 10 min,
RERKPHRILE I FEEFEEEBRE LB,

1.3 KB FE

REAHBHE PVCHE(ER 7 om, B 17 em) 4T, PVC ZB 3 HARB ORI R HBRAZHERES T 30
pm JE PR TER I PIE] IR 2 E(E MR R F ik B ERE SR (B IR) ;&8 H
EMEAEMIRATR), BEFNEF IR EXEE TR/ PABIEEMER/EETRE, o MLE, B
T ARER 36, BAK LT 800 g, B2 HRIEY., EXRLHIAET,IELBEBRRER(WAFTZE
BTHRRE)EALED BEALEETXOEEXN ATRETERAR. AEBETFKATLEASEEEH
EHFKEH 70% , +HVE3F  RAEHEEHEKR PABINEET., SEFMKRE 0.428 g/ke FiBRH 0.247
gkg EAEMAKMITHREE ., REXESWAAHEZEF KA L BN K, RERAET R LRBARE G
FENHET,
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1.4 REBES5HSH

RERFHE.BR 748 10 nl ERFSHHRIRER,FHEBT4CHKERRE. LK 1A
E#HTER. EYRESRETOCHBRE THRT, HOMNFEH M EREMTHRHOTE, LRELAERNE: -
WpHEMMERMALAKKEN 1:2.5(H0)BE, BREITHE; L BMAENRARAKSHAEERPAL-LEAaY;
FAB T (CEC) RAZREENE; LB ARALE I ENME" . 3 Pb f1 cd F E/KWHM#, ICP-
OES WM&,

THRMBRRESSFETETIRE, TEYESARRARERETHALE. BERY RS S ORE
BI75 Je 2K i HE 5 (GBW 07605(GSV-4) )T R B %] ,Pb 1 Cd FILE YK 95 %A f . TIRBB A YRS
1 Pb #1 Cd B A ICP-MS W %E .

2 ZR5Hie
2.1 AFEEEMSEFRTEYE YR LNE W

ARGR/EEFREX PRIAEESEYENERAR L. AK1TMTANEXR PRENEED
i B TREVEIREAASA B, MERNS HEREYEEELARHTREYERD | FEL, K
B ERAME T RAEYREAEET 2.0 MPABREXMHHA KT 2.0 L. HEEHTHFEMTRIT, R
BAR BT A3 EX# EREYREWEBBEKFE(p<0.05), MAREELX UL BETXM2ES
AR EREYRMOERBAEZDBE KT, EEXEES, TR0 EWAEYE TR )RR
L Je A R 4> RE A B A PR BT 20 18.2% . ARIEEF A EXKMB THRAEYENEZ MBLIED p<0.05 B
EKFE, MARFBEHRXURBEFTXMAIE XWX EERATBTREYREAEWA K,

EEX-PBELEEMEX-BESEER, ARSTBAFAN PR EREE TN R TREYER
MBAK, EHRAMIBARFEYRNESEYRERB/PHEAEBE R : EX-PIRZEE> EXBEE> E
K- DA E, PIIMERSRLEP, EX/PIHERENBEYRN 1.20 g, KTFEXKEIEMN 0.95 g, K
FEXK-EELMEEN0.89g, AEEMARMMBEIBHBEAXHER, IRERAIPBRINEYRLRE
ERMEYR MEEX-PREMAEAMTERNAEK, T EK-BE D R EHBME EROERKFIR, X
Y S EYEBBEHATHENNGEIH, RAREA R EEF XX EY S LY R wE D 8 EKE(p<0.05),
MAR AR UK BEEMIR XMW EEAEY BB WMBAE SR BEKTE,

2.2 ARSFR/EHES A3 EY R E Pb #1 Cd MEm

2.2.1 Pb ARLSR/MEMEFAN EXKL ERAMBTHR P SEMNEWMAR 2. FMERYEXRMB TP &
EEE7E 63.96 ~ 139.03 mg/kg 2 8], i 1 £ ZB{X KN 2.14 ~ 3.94 mg/kg, %80 Pb b F ¥ a#s EMEBHE T
0. NR2FUBFH , ARBARAMEXRBER P SREWMEREE(p <0.05), ER—FEREHFKX
FLOEKM EE P SEYVLUEHXFENEE - BRIE> AR > BEMNSR. SlmEEKEES,ER
PMAREHEMEAXMER PP SEEERTERNIRAA IR, X5 A EATH 60.9% F 68.2% ,{H &
BRABMASRLEEP SEREER., AEX-PRIMEF,EEM>RLEENEX P SR LB
AL/ 26.4% . 7EEK-HYE G R/ES, B RAHE M EK# EIE Pb & E45 R it M4 RAA SR
AHERE 79.0%F32.8% M EMARMATBLEBZAERABE, SREEBIANFANIE T AFED
KRAMEERA—B, SBRHRKMEE PP NEAER,

AEABAF R EXKM T P SEEWEBRBEKF(p<0.001), ERRMEEFR S, EX#TF
B ERYRATRMERMRAEATFENSMRAR, EEXEESF, BHIBME LN RLEHEY
PhEERERAHB HEECINHBEFRTA»RAIEN Pb & & (139.03 mg/kg), 53 51 Hb A 2 BR 40 2 B RE AR
41.1%M33.3% ., EEXK-PBREEES, BEIBLEHEK Pb & 845 LA 25 e 8 M 5 5k 28 5K
30.3% 21.8% ., TEEXK-BUE G RES, B2 EKMLT I Pb &8 2K 45 HREK 20.4%,
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1 FEMM/EEFRAMNEXR . ABENERSLHRNER
Table 1 Effects of different separated/intercropping modes on biomass of corn, lupin and chickpea

4 Y& Biomass
EE A ARFR E % Corn P B T % D Lupin or Chickpea A‘Qﬂi%i
” (g/plant) (g/plant) Total biomass
Intercropping mode Separated mode
#o 56 T o 58 W (g/pot)
Overground Underground Overground Underground
ERBEHE RO 0.27 0.21 — — 0.95
Monoculture No separation (0.03)" (0.02) (0.11)
of corn BHIR 0.33 0.21 — — 1.07
Separation by (0.02) (0.02) (0.08)
plastic barrier
iy AP 0.33 0.22 — — 1.10
Separation by nylon mesh (0.02) (0.02) (0.08)
EX/FRE AR 0.31 0.23 0.46 0.20 1.20
Corn/Lupin No separation (0.04) (0.03) (0.04) (0.03) (0.14)
BHIR 0.35 0.24 0.47 0.18 1.24
Separation by plastic barrier (0.04) (0.02) (0.06) (0.03) (0.15)
) AT 0.32 0.21 0.44 0.19 1.16
Separation by nylon mesh (0.01) (0.02) (0.02) (0.02) (0.07)
EX/ERG AR 0.27 0.17 0.27 0.18 0.89
Corn/Chickpea No separation (0.02) (0.01) (0.04) (0.02) (0.08)
BH R 0.27 0.18 0.36 0.19 1.00
Separation by plastic barrier (0.02) (0.01) (0.08) (0.03) (0.15)
e Je R4 R 0.29 0.19 0.36 0.22 1.06
Separation by nylon mesh (0.02) (0.02) (0.05) (0.02) (0.11)

» FEANBFRREER AR AIEXRAPHIHEE T EFMB THEM  Date in brackets represent the standard errors; The date

of total biomass is the summation of overground and underground biomass of corn and lupin or chickpea

AREEF RN EXR TR Pb FEMERMEEBREEKE(p<0.001), EARMSIRIRF,E
K-FEYE G RI/ER Pb S B ERBMEMEX- PR ERIERK, LLINERY BB, EXEME . EX-FI5
S IEE A E K -BEWE G RIVERY Pb & & 43 314 139.03 mg/kg.117.49 mg/kg 1 74.97 mg/kg, F XK-E B T 8] {E (4
Pb & BAL4r BN K BEAE N E KPR S ER A9 53.9% M 63.8% ., EXKIESFIHE BN T 6 RESGE
T.HTEREYTRETER BEENEE IR AR FRAT ST E MR, TR E KK
NELBRMNEERSN. B BTHRELES P AEPAEXHE"  XATBEEERRE PbEAMEEZ —,
RS RAAE P, EX-EE T RAENERB TR P SEYEERTEXBEMEX- PRI EIE;ERE
MaRaES, EX-EEEREM P SELEERTEKR-PIRERE. AR 2 FERTTUESH, RRIEEM
SRAXNMZEERAMEKBTH P SEMTZ AT THREEKF(p<0.001), st EXH# I Pb S EM
EWAK,

Xt PR EAERE TR UL, Pb Mt T AR ERFEBHME R T4, XWMIEYRM L Pb & &S5
R TR 1.2% ~3.3%M3.2% ~4.0%(F3), IRENEETHTHE P SEZREKR. AR REME
BaReE S, ER T TH P S BSHI L PR LK 56.1%F 66.0% , Mt LA Pb B ERAHE, &
RIS R E S, XAHEYAEES L RER AR THREP SENAEEER M IIHEES PSR
LL IS SRR 43.1% , it F 3K 52.7%

F—FfEPERRNFIBEERF P BUA—H, XPREMS ., LM TIH b §BFR DB
BEHYBEA LB EERKE,MEE S T P SEARSRLEERA D EER, R 2R MR MR
438 Pb F BB LR 53 R AL F P 40.4% F1 26.0% (% 3).
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%2 FRESM/EEFANEK P Z R (mg/kg) IKM
Table 2 Effects of different separated/intercropping modes on Pb concentration of corn

#1 b3 Overground #1 T # Underground
RAE R R4 2R 5 WHAH 2 1o R4
Intercropping mode Ao Separation b Sej ion b A5 Separation b Se; ion b,
PPINg No separation para . Y paration by No separation para . Y paration by
plastic barrier nylon mesh plastic barrier nylon mesh
E 3:8 3.14 3.51 2.14 139.03 81.90 92.74
Monoculture of corn (0.24)" (0.25) (0.08) (14.21) (6.87) (7.55)
EX/ABE E4E 2.73 3.04 2.24 117.49 81.85 104.69
Com/Lupin (0.55) (0.21) (0.35) (16.98) (10.39) (15.96)
F K/ 5 E 2,97 3.94 2.20 74.97 63.96 80.32
Com/Chickpea (0.25) (0.64) (0.24) (5.30) (6.55) (7.21)
77 ZE 51 Analysis of variance
4y B8 77 R (C) Separated mode(C) p<0.05 p <0.001
&] 4 75 3, (I) Intercropping mode(I) NS p <0.001
CxI NS £ <0.001
L5Dy.05 0.78 15.77

* FEE RN FRARIELR Date in brackets represent the standard errors

%23 FEAMRAXAMNPEENRRKE Pb M Cd & (mg/kg) KR
Table 3 Effects of different separated/intercropping modes on Pb, Cd concentrations of lupin and chickpea

F M E Lupin MBS Chickpea
SRAR
b #B Overground #F ¥ Underground i b ¥ Overground 3T #B Underground
Separated mode

Pb Cd Pb cd Pb cd Pb cd
AR 1.94 0.06 167.86 5.35 2.30 0.08 72.86 2.79
No separation 0.21)* (0.01) (23.47) (0.18) (0.59) (0.03) (9.19) (0.14)
kSR 2.53 0.06 127.97 3.95 1.66 0.11 43.46 2.12
Separation by plastic barrier (0.21) (0.01) (17.78) (0.78) (0.26) (0.03) (4.82) (0.15)
R ER5HR 3.74 0.07 113.97 3.68 2.13 0.12 53.93 2.96
Separation by nylon mesh (0.83) (0.01) (12.01) (0.20) (0.70) (0.04) (3.17) (0.09)
BEM NS NS NS p<0.05 NS NS p<0.05 p<0.01

Remarkable level

* FES NP FRRIBRER Date in brackets represent the standard errors

222 Cd 5P A—H, EXATHEM EHREBH CARE, EX# EFCAdSEANB TN 22.3% ~
82.1% . ANFIREMGEH R EXM EFH CAEEBEMAK, FESNEHERRAZRAEE BERX
HERZEWAD p<0.05SMBEKFE (K4, WHREMSRBFRNMILFERTEZNE Cd [ E K LB
B, FEE, SRS R E KT IR Cd iR K, B REAR S 2 R EE RS8R EE
FAMEKRMTE Cd SBH M IETREE (p <0.000) B EKFE(p<0.01), FENXK-PBGHIES, B
BOBAEEMSREENERBTHCAEESINEARSRAHEE L 17.2% M 30.1%, 7T K-EL G H
fEdp BRI RN A EFBERPBAEB A 41.7% LB Mo RRAEB A 31.7% ., HBABHE
BT REARE KRR R ST Cd MR R, R REMEMZ R MHE/ER, XATREESBEKRBRRKER
CdBPMEHRZ—.

PHENEEGHE ERAB TR SEAZERA X5EKREX, WA EYNH EFCGATER
SR AH TR 1.1% ~1.9%M3.8% ~5.3%, AASEFRXBRTHIHEMEE SN TR CdIEEW
KPR EKF LS, T XFEHEDH B ETR CdEREMHYBEBBEEZKFE(E3). XPUHERE, B
A M SR T Cd FE 450 3.95 mg/kg A1 3.68 mg/kg, 73 5l Hb A 4 BB 4k PR /D 26.2% F
31.2% ., EWG T Cd & BAEBH BN 2.12 mg/kg, 0 F A5 1(2.79 mg/kg) 18 1% M 43 k8 &b
FH(2.96 mg/kg) By Cd S &,
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®4 AEASM/EEARTTEXK Cd IR (mgke) HEW
Table 4 Effects of different separated/intercropping modes on Cd concentration of corn

# +# Overground #2F # Underground
[ 45 5 2 RO B R JE 15 5 R R R BH R Je 1M 51 R
Intercropping mode Separation b Separation b; Separation b; Separation b;
PpIng No separation pa.ra ,y para t No separation pa.ra .y para Y
plastic barrier nylon mesh plastic barrier nylon mesh
EXRHBAE 1.52 1.08 0.92 2.33 2.20 2.35
Monoculture of corn (0.20)" (0.18) (0.21) (0.22) (0.13) (0.18)
EX/PB EE 0.53 1.40 1.37 2.39 1.98 1.67
Corn/Lupin (0.09) (0.40) (0.41) (0.10) (0.10) (0.08)
X ) L GACE 0.63 1.19 0.52 2.66 1.55 2.27
Corn/Chickpea (0.06) (0.06) (0.07) (0.16) (0.06) (0.09)
F7 £ 53 ¥ Analysis of variance
43 B 7 K (C) Separated mode(C) NS p <0.001
fa] 4 # & ( I ) Intercropping mode( I ) NS NS
CxI p<0.05 p<0.01
LSDy, o5 0.46 0.27

* FES NP FE R RIBZM Date in brackets represent the standard errors

2.3 TEEBWP PhAICdEENIFATL

ARSrFR/EEF RS ERBRLEBEE P SENEWLE 1, NEFIIUEL, LRBER P S EAEE
VARV, 7 XA 12 pg/L AL, 14 REFRETRER S pg/LEA, 4JUFLBAER P S &
THAHE, XRANERETFEVEEARIBEPHEHBAAH AW — AR EERSYE, Ll Xw
BV ROER TBERECRETS I, B v K L WP S EDA SN, B L EPHENLFEREHE",

Ao ES, EX-PHGRENLEBFR P B EXREEMNEXK-ERTRENME, BREZEH¥
Bt ERFARE., YHIRLOHE S, EX-EE TR EN LEER P SELERBEMEXR-FAH G R/EH
MR.ZFHUABE, EEMGRAES ARIEESRNENLBAB P SBRERKER,

EXRBIRLIEAR Cd SEBEDERNRIZERK TR ERNSTEABRS Pb A—, FEE 6T E K E KT
AHTHRE, BMEEP CASBNE TR 1.5 ug/LEARERHE 28 KW 43 pg/L L E(E 1), XEE N
FEEEMHAEARK, KRR BN ANR EERRE —SBAY T AR M, XL ES cd EH TR
Cd MBI X ATRE(R 3 Cd 10 LR . EATRAE S, EX- PR ITEEN T EAK A&
HEXAERNERE, EX-EEITRENBK, HEARMEZRIZRAIRE, EAUENSRAES, EX-PH

------- EKH{E Monoculture of com —— EX-PBE Corn/Lupin  —+— FEXK-MBE Corn/Chickpea
200 R4 20 - WM ) ) 20 - REMAH
No separation Separation by plastic barrier Separation by nylonmesh

15 15 |- 15

10 |- 10

Pb& R (ug/L)
Concentration of Pb
=
T

0 ] 0 1 1 | 1 0 1 1 1 |
7 14 21 28 7 14 21 28

8 8 WRAR _ 8 - REFANSHE
Separation by plastic barrier Separation by nylonmesh

Cd& R(pug/L)
Concentration of Cd
-+
T

7 14 21 28 ’ 7 14 21 28
Bt fA] Time (d)

~
—_—
-
(54
—_—
(4
-]

B 1 RRS R/ R E KRR L BB Ph.Cd S RMOEW

Fig.1 Effects of different separated/intercropping modes on Pb, Cd concentrations i rhizosphere soils solution for corn
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SEEMEK-EE TR REBR G SEHEEXRAERBE.ARARAAEEZROUAEE. RN
SRR ARRESR L IBEE cd SBEREHRK,

PREHNEETHRR T EER P A Cd BN ELLE 2, ANEFEE , L RBB P SEHENETX
BB ARAETHR,FUXEEAAK. BTXH, FRIRFLBEER P IRESATR . UHSBHR
T R4 BE AL BB 43 51K 17.55 pg/L.16.73 pg/L 1 10.95 pg/L, P58 14 KB4 31 F K2 4.21 pg/L.5.36 pg/L #
4.58 pg/Lo FIRE,ERRR BB RAE MDA, v SRR TS Pb S B 14 KA 7 Xaf
4 BIBEAR 70.5% .59.3% M 72.0% .. PRGBS GRELEEBR PP SEAERUREITERESR SR
FREXHHEYSRENR EERABREKYENES—H HER I RTRNENEER, SR HPH
B ERESRS—R., PRENERTREFELEABCISBESEXR—BUMEEYHERTANRE, T
PRENREEELEETHE & XTTHEEINIRASBHANREBREAYREEAANT cd TEB,

—— P B E Lupin ---a--- MR Chickpea

2 20 R 200 _WHAH 20 RRASHK
§,‘: s No separation s Separation by plastic barrier s I Separation by nylonmesh

=} - L | %

g -,
28 N
HE 10 - 10 |- 10 |-
aE
2 % 5 5 5T

o 0 L L 1 i 0 0 L " " s

7 14 21 28 7 14 21 28
8 A58 8 ¥R i . 8 JE 2R 5B

Ag No separation Separation by plastic barrier Separation by nylonmesh
i“a 6 r 6 6L
L
~§ 4t 4 4L
&%
S g 2+ 2 2+

© 0 ! ! 1 ] 0 R ) 0

7 14 21 28 7 14 21 28
B} /] Time (d)

B2 RRESHRTAXHREHRE SRR RER Pb.Cd SRR

Fig.2 Effects of different separated/intercropping modes on Pb, Cd concentrations in rhizosphere soils solution for lupin and chickpea

3 &g

(MAREFBHE R EXR EFHEYE ARIEEF N EXRBTHEYRUREY B AEDERWLD
BEKFE(p<0.05). FEIFBWHF RN PR HEE GAYEERBEA LD EEKE;

QAREEMSB T R EERWEXRB T Pb R IK, BRAREEFREXHME LI P S E
EmARK, 45 LR k-8 YE &7 18] /E 7] B E ok # F #8XF Pb A IR UK ;

G)ARIGBERNEKMBTIH Cd SBREWEKX, HEASERZEELRSB AR EXKB EF CA &
BYMAKX; RSB PEEH TR A FEUREE S TH Pb.Cd SEAEER M,

(A VEYIRE L BEB Pb S REEEYWEKTM AN, B cd SENFKIRE . A FREMDRYT
KA EYIREF L MAER Pb.Cd SBBHE —EE W,
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