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Effects of intercropping on Ph, Cd, and Zn compounds in Cyperus glomeratus and Vicia faba

YU Bao—gang, QIN Li", ZHAN Fang—dong, ZU Yan—qun, LI Bo, WANG Ji—xiu, LI Yuan”

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

Abstract : Indoor pot experiments were performed to investigate the effects of Cyperus glomeratus L. and Vicia faba L. intercropping on the
chemical forms of Cd, Pb, and Zn found in the plants and soil. Intercropping reduced the biomass of the shoots and roots, soluble sugar con—
tent, and chlorophyll content of C. glomeratus by 54.55%, 41.67%, 36.39%, and 33.33%, respectively, but increased the biomass of V. faba
shoots by 11.71%. Intercropping reduced the amount of available Pb, Cd, and Zn in the soil. Fy(NaCl extractable fraction ) as the main
form of Pb found in the plants. Intercropping increased the Fy—Pb (ethanol-extractable fraction—Pb ) contents of C. glomeratus shoots by
23.43% and total Pb contents of C. glomeratus roots by 6.92%~17.80% but reduced the F;—Pb and Fy—Pb contents of V. faba shoots by
16.00% and 42.60%, respectively, and total Ph contents of V. faba roots by 1.32%~44.76%. Fyq and Fyq (HCI extractable fraction) were
the main forms of Cd found in the plants. Intercropping increased the Fy—Cd (residue fraction—Cd) contents of C. glomeratus shoots

by 43.45% and the Fyq—Cd and Fr—Cd contents by 6.26% and 30.01% but reduced the Fyg—Cd contents of V. faba shoots by 26.37% and
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total Cd contents in V. faba roots by 6.09%~68.33%. Fy,.( HAc extractable fraction ), Fy(water extractable fraction ), and Fy,q were the

main forms of Zn found in the plants. Intercropping increased the Fg—Zn contents of C. glomeratus shoots by 12.5% and the total Zn con—

tents of C. glomeratus roots by 5.32%~23.54% but decreased the levels of six Zn forms in V. faba shoots and roots. There was a significant

positive correlation between soil available Pb, Cd, and Zn contents and the Pb, Cd, and Zn contents of the shoots and roots of intercropped

V. faba. Intercropping reduced the Pb, Cd and Zn contents in the plants of V. faba and was closely related to the decrease in the available

Pb, Cd and Zn content in the soil.

Keywords: intercropping; Cyperus glomeratus L.; Vicia faba L.; heavy metal; chemical form
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Figure 1 Effects of intercropping on the biomass of Cyperus
glomeratus 1. and Vicia faba L.
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Figure 2 Effects of intercropping on the physiological index of
Cyperus glomeratus L. and Vicia faba L.
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Figure 3 Available Pb, Cd and Zn contents in rhizosphere soil of
Cyperus glomeratus L. and Vicia faba L.
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Figure 4 Concentration of Pb in different chemical forms of Cyperus glomeratus L. and Vicia faba L.
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Figure 5 Concentration of Cd in different chemical forms of Cyperus glomeratus L. and Vicia faba L.
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1 FESHRER Cd.Pb.Zn RIREHE
Table 1 Accumulation characteristics of Pb,Cd and Zn in Cyperus glomeraius L. and Vicia faba L.

. Cd Pb 7Zn
Bl =
EC TF BTF EC TF BTF EC TF BTF
Y 0.52+0.03b 1.23+0.55a 1.30+0.65a  0.42+021a  1.69+0.41a  0.08+£0.02a  0.63+0.03a  1.20x0.41a  1.23+0.34a
PAIES 0.79£0.05a 1.24+0.40a  1.8120.41b  042+0.16a  1.69+£0.39a  0.09+0.02a  0.64£0.02a  0.67+0.11b  1.24+0.27a
AL 0.16£0.04a  0.08+0.20a  0.27+0.10a  0.15£0.02a  0.11x0.02a  0.45+0.01a  0.18+£0.02a  0.10+0.02a  0.23%0.12a
w&IY 0.09£0.03b  0.07£0.15a  0.26x0.05a  0.07£0.03b  0.10£0.0l1a  0.45+0.02a  0.11x0.01b  0.09£0.02a  0.19+0.09b

T P AR FEEFR A Duncan SRR 5%/KF L2 ER 2 . EC. 84 REG TF s R4 BTF: AW Rs 1

Note : The different letter means significant differences between the treatments at 0.05 level. EC: Enrichment coefficient, TF : Transfer factor, BTF ; Biolog—

ical transfer factor.
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I Zn Fy—Zn Fy—Zn Fyxg—Zn Fyo—Zn Fy—Zn, 54
G B Zn Fya—Zn Fuo—Zn & B HA 8%
P IEARSCE, TS5V RAAR P R Zn FUREIfL2ETEAS
() Zn 5 240 0 35 B DGk

3 g

3.1 EMEXM MRS £ RIEFRII RN
ANF AR LR . SR DL AR AN R4

AR T 4 A TP LB A S Y 22 He 5
H AR B R, ME S XY I A K & B = A i
YRR AR SESEE . AR S g, TR, W
S GRERE R EER AR AR ) i W e
T 54.55%FN 41.67% , 14z St b5 AR 1) i S 1
T 11.71%, 77 H X PG 1 i R AT fiE 2, e TR 38
Grfig SR W R SR G MEZ G, & G R T
HRAS 2 A K s 1], 9 FLRB I R PR B2 AR -4
R B AIK > SR RBIR S, b A s Ak T

HHRRAS T LA 8T A Y B RN, A
JaB 23 X 0 ) 4 B A R R A RS P S A
MEEFEEETRETE R , T AE YA N & A — RGN B
SRR B A A AR SO, TR IS PR B it
RO T 33.33% , AR
T 36.39%, FeARK IS BRI AT RE VSR 5 4R G
(VRS Y EAR NI R T KR B4 )& . Pb .Cd.,
Zn S-Sk B8 1 BT AS G s U T SRR
Fe? Mg>%s, fdif5mt s iR g 1y 55 oh e 1) ™ & 1 i
I SRR SR 1A U R I, DT R
FIP AR RGN, 5 A AT P A
T o DL R as i 2 BH . AR SEEs , [ VR A
Eb BRAE X PRI AR DR N TN G 5 e JC e E R
Ak, B VEXS P RIAE P A 1 22 40 T A B 5 B A
AH L SZ R SRS Sk 2 1
3.2 EMEX Pb.Cd. Zn ESEEREZEHENLERES
Bt i 22 M

W R, AR B Y A ASBE DA K =
RSN A, 2R 520K AR i A
LR ERSEAIIES G S IE X 7E X
AL AR B A K 4R B e R, T4
R 4 XA () 85 35 O T A R R P SR
ZE T B U H AR 5 A2 A SR I T, AR P
Cd Zn AL 2RISR RIS R 3 TR 3R
A FALENRECS BERR I GE AR FRiE .
Bifi 2 SR ORI AR A ) 1G58, BT R B >R % Pb (Cd \Zn 1)
TR RE PR N AT RS S AL 1 BE T 328 ek 550, AR 512
Eorh PR S & GARN I Ph Db e S AL AR B
hE OGRS SRR IR ECS , B R S T
RPN Pb FZDURBCIRER . BRI RZS A s A Sk
SERSAEAEN, ARG , YRS B2 Ph & &
SEWIN, BISEARP Ph RS (R L F RS Z
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RAFRE RS2
%2 HHARA Ph.Cd Zn SEWER Ph.Cd Zn A EHIEESAF (n=6)

FIEELIH

Table 2 Regression analysis between available Pb, Cd and Zn contents in rhizosphere soil and contents of Pb,Cd and Zn in

Cyperus glomeratus L. and Vicia faba L.(n=6)

X Y ok F R P
THEARES Cd A TAREL AL Cd Y=—6.3+18.435X 31.461 0.942%% <0.01
TR Fra-Cd Y=-7.423+8.514X 25.266 0.929% <0.01
F T Fyn—Cd Y=-4.992+4.569X 25.183 0.929% <0.01
7 AR Fr—Cd Y=-3.063+2.417X 201.877 0.99%%* <0.01
75 M B Cd Y=11.47+5.345X 10.606 0.852% <0.05
e i 3 Fy-Cd Y=6.372+1.236X 21.031 0.901% <0.05
A 1 Fre—Cd Y=1.611+4.481X 15.864 0.894 <0.05
IELARFR Fy—Cd Y=-2.558+4.129X 43.336 0.957: <0.01
4145 34 Pb 7 SR Pb Y=365.301+1.008X 16.243 0.896* <0.05
7% 5 MR Fy—Pb ¥=5.582+0.052X 26.184 0.931 <0.01
F M Fua—Pb Y=-128.146+0.552X 81.401 0.976+* <0.01
S i Fe-Pb Y=180.173-0.214X 8.712 0.828* <0.05
755 13 Fy—Pb Y=-43.07+0.159X 14.004 0.882% <0.05
AT 1 Fr—Pb Y=-289.227+0.913X 36.763 0.95%% <0.01
PR R Pb Y=264.346+1.521X 18.942 0.909% <0.05
PE AL Fu—Pb Y=-58.672+0.415X 42.187 0.956%* <0.01
PPELHIES Fyo—Pb Y=152.308+0.382X 18.508 0.907* <0.05
PEELHES Fuo—Pb Y=-26.184+0.41X 9.588 0.84 <0.05
P 3B Ph Y=2 222.49+1.709X 15.078 0.889% <0.05
YB3 Fua—Pb Y=1 256.251+1.605X 10.105 0.846* <0.05
TR Zn & TAREE Zn Y=-3 139.636+31.608X 35277 0.948% <0.01
F AT Fe—Zn Y=-29.133+1.155X 40.101 0.954% <0.01
F A Fy—Zn Y=-896.48+7.683X 22.288 0.921 % <0.01
T TAES Fo—Zn Y=-1 881.999+13.967X 25.709 0.93%% <0.01
7 T ARHB Fuo—Zn Y=-352.479+4.526X 9.642 0.841%* <0.05
G Fi—Zn Y=-310.481+2.159X 587.514 0.997%* <0.01
AT - FE Zn Y=-3702.77+37.382X 207.867 0.991% <0.01
# S EH Fua—Zn Y=-1 638.401+12.741X 31.405 0.942:% <0.01
AT Fin—Zn Y=-554.731+7.755X 11.613 0.862% <0.05

AR FHAECE 3), vhBA PR SF T P55 X) 1 v
Pb (W, Wi Ph F2 2R BAEARTS . [l a4
J& , PR ELAR PR - 56 G P SR g, [l A
T, VBRI HL 3RS P S 5 - A RS Pb
S L IEA G, B AR DU 95 S A S )
VERRAE—E R ks TV AR BRIAEE 51k T
PHRUARBR 138 Hr (1) Ph, DT (5 95 S i i o &2 4 3
H PhI, 5 PR, AR 5 78 SR FRPb .Cd . Zn
P& FP AL 2 TS it 2 AR AR Pb . Cd Zn SR
(B FE S SR DB ERI(ER3), A5 %E
TARBR AT RS Cd Zn S B IEARE (3 2) ;18]
YE# S FER A Ak 2422 P Zn 5 B FI B (3R
3) ¥ E kb, H 5% GARPR 34 30 Pb .Cd \Zn

SRR FIEMRGR2), R &EZAN Pb.Cd Zn (Y
AR R AW WA, U SR A S, RN
TCie 2 T PR o a8 258 IR U Pb Zn F5 i 1
AR, IR 1 A XS 4% Pb Cd \Zn BYWIR .
[, AR5 2 BRI Ph Cd \Zn 9 SR I AR T
2.4% 2.5%F1 21.8%(F 4),

R i R A AN R
B SHEYAEYRNRA. b TREAEYEEXR,
I, T R SR M, 2 B 1 AR ER Pb Cd \Zn
i R R TIRL (R 4), XU R T &
AR fE—E R B T & BN P Cd Zn 1Y
e

Cd BA TSR J5Qu ) BB RA Al 0 2
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£33 PBESHEZMA Pb.CAdF Zn HE=E(mg-ke!)
Table 3 Contents of Pb,Cd and Zn in Cyperus glomeratus L. and Vicia faba L.(mg-kg™)

o Ph cd Zn
Frifr 03 i 0 EH i B EH i
pia 1 475.7£3.5a 928.3+1.6a 68.2+1.2a 30.6+0.8a 3 786.7+225.8a 3 174.1+122.8b
hlAE 1 383.7£28.0b 1 012.2+17.1b 58.2+0.9b 69.2+1.6b 2 537.3+617.5b 3 823.3+172.5a
AL 797.9+£13.9a 831.2+13.2a 22.0£0.6a 31.0+0.8a 3 036.4+77.0a 2 563.3+130.1a
R 718.4+25.6b 750.6+6.5b 19.7+1.5a 21.1+0.8b 2 187.2+64.9b 1 836.0+90.1b
®4 BEEREMAFN PH.CdZn WRRE(ng &)
Table 4 Accumulation of Pb,Cd and Zn in Cyperus glomeratus L. and Vicia faba L.(pg*pot™)
Pb Cd Zn
e )7 3 : : -
b AR SR PR Hh B AR SR PR Ho EE AR JS¥-¥inhis
Vo 208.3 106.8 315.1 22.8 3.5 26.3 12725 364.6 1 637.1
Wi 493.6 71.4 565.0 8.8 6.6 15.4 639.7 268.8 908.5
A 886.7 177.3 1 064.0 24.5 6.6 31.1 33743 5474 3931.7
wIPH 891.2 146.8 1 038.0 24.5 4.1 28.6 27169 359.6 3076.5

R, SEREDAERKEFTRAELTEICE, Sam Cd
AL S X RE ) 1 5 A BRI R AR, iE A B Pkt
Je A8 2 % N A fEe B s ™ B PSP AR SE G Y, Cd
TEVRE A A BRI (1) A2 T2 25 LA S AR AR G Ak
PR PRI R 3, U] Cd ZER RN 5 Z Ik RERRE: |
BRI TREL 5 2R & R BCALRES A, XRERE AT LA 25
A Cd e A Frgb, M Cd 1A 5otk s sh
P I AR, 38 0T DU CA> TR E 4l i | ml 8 4
J& A A R A BB b R A X Cd B
S i g E AL AR Cd AT 2P S A
BRI B i H A S B IE AR Sk, R e
N EAL BN IR BUS Cd 43515 B Cd 1Y 43.05% 5
23.92% , YL YH RIS Cd HAT BRI 321 o 5 54
AL, VB AR P 25 B8 KSR B | Eh BR 2 B N gk s
A Cd HEa B 2SR, &= SR £ B KR
B GACEN RS (SRR PRI SRR IR IR R
A Cd & Ea B ERA MBS R, RS, &
Cd B HE R E AL, MR RS YRR
TSI i, SEIR G A 42 8 Cd REAFTET
A GRS T AT (b 350 A 7 o D

In BAEPEREBHLFICRZ —, SH5HY
YA PN B SR A A, FERL R A BRI AR R
BT ZMELEE, & 28t S F8UER
KRB, FEARRT , Zn FEU BRI GARN Y
TS DA PR B U 25 B TR SR BCS f s fhah 4
B S, SV SR GIRNE Zn IZFIE ST

e, ATRE S HEYIZ & R AR WM SR s 25
ZMERESYES . SRERLL, RN LB
BES . BERGEBCSFIERRRIRBGE Zn YA BN
MR, |EMRANTE S MR T B Zn 55
WA RIS, SR RER Zn TEAEY AT
RES Z R G mBC ARG &, XLERCA Aol R A AR
L IERZ SRR Zn (89504 5 ™ R E] 1
PR 2 A LR (B 1 BT LA B B8 B PR A5 K 25 A
EASANLICALA, XL PO AR RE Zn BT
ek B B ™, I HAR AT AT R R
Cd 1 Zn Z [af7 AR FRe 2 I3 AR Zn BERE S
Cd S AR L PERG I L AW RE A, IR Zn 358 91X
AR T RE R i T EE )8 Cd Zn PS5 15 it
A DR, W SRR b 5 S Al AT LA —
EFEE FIEEE AR Pb.Cd . Zn X &R EMEEFEN,
{H Pb Cd Zn 7E 75 A 4 TLAK P 32285 ] R c 457 44
4G A TR 2T

4 it

(1) 5 90 B A ) 25 AR, T o Pl 5
LR G E I A R AR N

(2)5#&EREE, P RARPR A RS Ph A
R ERN . YRR Ph . Cd LSRG N 3,
Zn LABSTR | 258 T /K MG SR ERIBGES O 32 5 [l Jm vb
BRI CBEARIUS Pb Zn i FRIEDS Cd & i B3
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RAIMERF 2R IR .

(3) Syl fEE , & GARBR - 34 %S Pb.Cd,
Zn B BN & AR Ph Cd \Zn B9 5 Fl R
i, Pb Cd Zn 15 48 ZRECHR 2 P&, Pb .Cd 74
TSR AL AT 2 AT PR AR A S ALl 2 B A
i '%quﬁaz Zn 1872 G A& AL 2T 25 DU
AR RIS 2B /KR BUS A LR B A
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