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Abstract: Plants needs cost many years to remediateheavy metal-contaminated croplands, and because some plants lack
economic value, farmers often have no income during this period. Therefore, selecting suitable plants tolerant to heavy
metals and producing products ofeconomicvalue may be a key factor in promoting the practical application of
phytoremediation polluted soils. Many studies have demonstrated that some cash crops, which have the ability to attain large
biomasses and accumulate metals, are highly tolerant to metal pollution.In order to fully utilize farmland contaminated with
heavy metalsfrom mine tailings in Chenzhou, three cash crops (rape, corn, and sunflower) wereinvestigated as candidate
phytoextraction plants with the potential to overcome these disadvantages of phytoremediation. To identify the potential of two
seasonal cropping patterns (rape and corn, rape and sunflower) to remediate heavy metal contaminated land in Chenzhou,

field experiments were conducted using rape, corn, and sunflower at a site highly contaminated with heavy metals( Cu, Zn,
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Pb, Cd, As, and Hg) from mine tailings.The three cash crops demonstrated the potential to tolerate and accumulate heavy
metals. Significant accumulations of Cu and Cd were found in leaves and roots of sunflower. The bioconcentration factors
(BCF) of Cd in all sunflower parts (roots, stems, leaves, flower heads, and seeds) and the BCF of Cu in sunflower leaves
and roots were more than 1. Both cropping patterns ( rape-corn, rape-sunflower) performed well and had no significant
effect on yield. Three cash crops produced high annual yields of dry biomass (rape: 16.6t/hm®, corn; 25.29t/hm®,
sunflower: 25.25t/hm”) after one year rotations. Both cropping patterns absorbed a wide range of heavy metals from thesoil
due to their highbiomass yields.Data obtained from the field experiment were used to estimate the amounts of heavy metals
(g hm™a™") extracted by the three cash crops grown in each of the two cropping patterns. The rape—sunflower cropping
system extracted large amounts of Cu (2408g hm™ a™), Pb (2027g hm™>a™"), Cd (658.5¢ hm™ a™'), As (250g hm™
a”'), while Zn (4987g hm™ a™') and Hg (7.92¢ hm™ a™') were extracted by the rape—corn cropping system. The rape-
sunflower system performed better than rape-corn at remediating the heavy metal contaminated soil. Overall, the three cash
crops tested are more suitable for phytoextraction than most conventional hyperaccumulator plants due to their larger
biomass, although they have low bioconcentration factors. Cropping pattern had no effect on crop yield, but increased
annual extraction of heavy metals from soil comparedsingle crop systems. Furthermore, rape, corn and sunflower are widely
used as biofuel crops, so their seed oil could be for this purpose and the stems have great commercial value in ethanol and
paper production. Using these crops and cropping systems for phytoextraction offers thepossibility of producing some

economic returns for farmers during the remediationprocess.

Key Words; farmland; heavy metal pollution; cropping patterns; high biomass; phytoremediation
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T3 Bk — 2 LIRS IR A B E M AR A L RSO H TE T O SR SR R TS Ye bt
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2.1 A H R RIS YEN

1 T BEHLUR ARSI B A &5 R 0 (R 1) i g0k 1 AR RV | pH {HAE 5.25+0.54 11 Bl P 5 AR 95
(EHEASE AR E) (GB15618-1995) W1 i Ba b X HF Y Cu M@ EAEE R = | —RbrifEZ 0], Zn Hg 94
WAE =R IEZ 1 -3 Ph Cd  As (4 f s TR 20 2 — bR iRy 1.6 4% .10.79 1% .21 5, UiAiX
R X R T EEEEZAT5Y9, Kb Cu Zn Hg HHP TS YL Ph Cd As YRIEEHRA Y =, J8 T/ Ei5 44 Cd
Il As V5 Y i, I S 0 S R A TS YRR A — TR, T A 1 AR YRR S A B
SE RS ERGRTALAE SR, T BCR RIS R b ARE S ESIR (£ 1), He A
96.7%J& T HRIE A, Hof LA 8 428 50% LA L # @ TAEFR S ; Cu Zn Pb Cd H' Fe/Mn H AW ZE A (FTiE
JRA) M s, As BFRIES T B S, EEESESMNOM LB, Cu. Fe/Mn A4S G ESIRES
>H WY ARG G STRIER , Zn: Fe/Mn B EE G B STRIB SSRGS >H LY R W45 675, Pb.
Fe/Mn AL G S 5R IS A WY RIS 5 B STRIES, Cd  Fe/Mn EALI S G B STRES>H LY K
AL EE B A STRIE A, As FRIEA > Fe/Mn ALY GBS L4856 S STV A He FRIE S STRIF
> Fe/Mn EAMEE GESH WY BRI G, WIIEERM, v 58S MIRIREEES 678 (RED) I B 9 1
YIS, Fe/Mn FAIIZE B AP EBE—E &M Fhaer~E Ytk , 52 iE A5 E 4 8 LT IR XE b AE
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F1 TtENEERNAKE
Table 1 Background values of heavy metals in soil( mg/kg)

HERMES | B it} i i XK -
The partitioning of heavy metals Cu Zn Pb Cd As Hg P
HEHeE

90.68+12.2  439.41+62.85 699.23+124.15 10.32+0.47  528.53+99.91 1.32+0.44 5.25+0.54

The total metal concentration

i
Acid extractable fraction

3.42+1.46 77.63+4.21 7.95+1.68 2.06+0.47 8.73£1.96  0.0058+0.0004

Fe/Mn EALYIZE B A

Fe/Mn oxide fractions

A BBRAII & 75

41.63+2.61 209.59+7.14  643.75+5.67 6.23+1.96 173.06+£7.62  0.038+0.012

- o 8.18+1.85 26.06+1.56 23.36+2.75 1.75+0.25 100.74+10.47 0
Oxidisable fraction
Bt
. o 37.46+4.31 126.13+5.36 24.17+1.47 0.26+0.01 246+14.36 1.28+0.14
Residual fraction
— gk
— bt =100 =250 =300 =0.3 =25 =0.5
Secondary standards
Sy ko
b =400 =500 =500 =1.0 =30 =1.5

Standard 111
* Fe7R T IEPABE BUREBRUE (GB15618-1995) ,KUfE 10 A T3 E i V- X e bl iR 22
2.2 PIRPAPRERIEC R RN A R Y SRR
FEA AR AR H ,_E AR R RIS [A]— 0 DX 2245 45 SRR E KR 25 % s i e VE M k1 7
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BEHLRAESIHT, i 2 3R 3 PN AN AR AR 1) =R R AW A R ZH 28 B X 4R Cu Zn \Pb (Cd As Y&
BRI FE TR AR R T K TR AR RSO R — e MR B R EE G . TSR Hg B AR Y
15,4 (1.16+0.05) mg/ kg , LI i T HAW AL K AR ZE A F K TP A & &, B4R RECH 0.84; 1M HAh 5 43 J8 78
TR ) & BN, B REIRAE 0.5 UF . Zn 78 FORAR Il S8 AR A rp i) & A, 430k (311.8 2 16.
90) mg/kg ., (238.68+12.72) mg/kg M (214.07+6.22) mg/ kg, & 5 R E50 0.71 ,0.54 .0.49, Pb il As £ —=F
EYI PR R S AN &, Hod Ph 9 s R A FORAR 1 (158.4£59.61) me/ kg, As 11445 = Vi B S Tl 9%
IR ER (84.27.£4.82) mg/ kg (HARILIL /N T HIEAYANRAE , WZEXTEH A JE Cu F1 Cd ARG IR & RE T,
HRA ) Cu & s e T H AR A, &2 R B 1.61 1.27 ;AL REFIALSEXT Cu (s 48 REBIEIR 1.0,
ThZEH ORI T A A S B X Cd BB AR R B R T 1, Hode i R B 3 BRAE S 28 it 1 (41.05£8.56 ) mg/
kg, B AERECH 3.98 T HL T H /1Y B 5 R AL 3.45 R IEXS Cd R E RRET)

xR2 ZHMEMESEAATESRENRERE
Table 2 The concentration of heavy metals in tissues of three crops Unit: mg/kg
) NGRS i B # i it K
Hi9) Plants Different parts Cu Zn Pb Cd As Hg
=% Rape i3 19.92+14.03 97.82+23.58 50.66+19.14 2.34+0.22 14.42+1.71 0.1+0.07
e 6.11+0.69 51.62+13.07 10.30+1.69 1.23+0.18 1.27+0.29 0.32+0.31
nt 27.22+10.39 146.88+22 44.78+1.26 2.55+0.30 11.37+£3.39 1.11£0.05
¥ 11.36+3.93 79.57£50.17 37.73+£3.05 2.49+0.33 3.50+1.23 0.18+0.14
A 9.62+2.99 101.81+33.4 10.10£10.29 0.88+0.12 1.08+0.24 0.08+0.03
F 2K Comn Lit3 41.75+4.03 311.8+16.90 158.4+59.61 7.1£1.83 40.99+6.31 0.21+002
ES 4.85+0.64 185.1£23.41 6.4+3.61 1.3+£0.05 2.23+0.12 0.12+0.01
nt 12.65+1.34 162.9+5.58 34.95+£2.47 4.6+0.14 24.78+3.61 0.20£0.12
Tl 4.75+0.07 100.85+1.84 3.6+0.28 0.1£0.08 5.24£1.26 0.01£0.01
R 8.8+0.42 58.4+2.05 —_— 0.25+0.07 0.27+0.06 0.06+0.01
%% Sunflower Uit 146.07£14.53  238.68+12.72  74.88.+£5.76 35.58.£13.89 84.27.+4.82 0.12+0.01
e 44.17+3.69 85.12+£3.92 11.38.£0.02 16.39.+£5.27 6.02.£0.33 0.06.+£0.01
nt 115.43+7.72 214.07+6.22 27.27.£1.96 41.05.+8.56 24.94.+£2.42 0.10.+0.02
IS 84.61+1.63 183.22+9.57 8.49.+£0.63 22.53.+£8.17 9.11.£0.50 0.07.+0.00
R 78.68+1.89 8.45+5.30 6.03.£1.03 12.53.+£0.88 7.27.£0.60 0.05.£.0.01
BB 5 REPIRE S bR R 22
*3 WMHMEEX TREVNEEENEERE
Table 3 Bioconcentration Factors for different tissues of crops by two cropping patterns
NG il B it i it K
FiH) Plants Different parts Cu Zn Pb Cd As Hg
3% Rape Ui 0.22 0.22 0.07 0.23 0.03 0.08
ES 0.07 0.12 0.01 0.12 0.002 0.23
nt 0.30 0.33 0.06 0.25 0.02 0.84
¥ 0.13 0.18 0.05 0.24 0.01 0.14
a2 A 0.11 0.23 0.01 0.09 0.002 0.06
FEK Corn it 0.46 0.71 0.23 0.69 0.08 0.156
E 0.05 0.42 0.01 0.13 0.004 0.09
nt 0.14 0.37 0.05 0.45 0.05 0.15
ik 0.05 0.23 0.01 0.01 0.01 0.07
Rt 0.10 0.13 0.00 0.02 0.001 0.04
iM2% Sunflower Ui 1.61 0.54 0.11 3.45 0.16 0.09
E 0.49 0.19 0.02 1.64 0.01 0.05
it 1.27 0.49 0.04 3.98 0.05 0.08
15 0.93 0.42 0.01 2.18 0.02 0.06
L 0.87 0.45 0.01 1.21 0.01 0.04
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MEE  EOKFI ) H BRI R AR R A5 Y 5 AR IR F AR, BB 1 R, =V SR AR AR A
BT It A AR A T S B i L 51, k=t ANt BS540 0 T i A4 —2 | T oKkl B3
S3 T B L ik 95% , In] H 284 53 1) TR BN 68% , MRUEIRIG T (0 AR 25 B, il S F e) H 28
5 BR/m® KA 9 B/ m® LSRR A T R, AT LIS AR 4 AR EIRSE B RR ) H SR AR
SREYI R L A FT RO W A E] T 6000kg hm ™ a™', E K OFSFT &3k 11682kg hm ™2 2™, R =
FYEYIRE RS AE TS Y LI IE H AR KOF HIA R VRN, ™ i 2 R BB A B L I A0 R A T AR 7K
S AR E AT A A P AR X TR S AN A AR AR R R A 2 AT

E5v S If] i 3%
14

175 21298

- 25.2

B1 ER.EX EBENTHRE(g/HK)

Fig. 1 The dry matter of rape, corn and sunflower

TEISE——FK Gis—— SRR T Y = Ff

TR TN Cd 11 5 4E AE 7 34 5 20 IE 10 8 5 4E 1 R4 SHERNENR
%E"JK’E)\(,{FH%\ﬂi*u&{m%*HXj“:F,ﬂ\:ﬁﬁi/j‘z\Eﬁﬁx Table 4 The biomass of three cropsUnit: kg hm™2a™!
TR R, (R R e T IR K 1 I e e
ErhiEwmAER BN ESEA — WA ZEEET,  # Roos 8750 1260 7710
TR Y e T O L PRI SR 25 Stems 6050 Hes2 6250
WIRE T, DARERYIE S RSO B R B B g T Lewves 945 2268 1740
FRARE (R G A AR X R Ry R 250 w0 2800
SRR MR R o w0 a0
IR AR Z B I D BT A TR b o 655 aso0 2500

Yy AAT 0T R R R A ERSCR A, Sl B AL

RIKERYZE R R (R 5) , MEXS EEJE Cu Cd F

As PFEICE I & T B RRSE B — R B0 AR 2 T g e R IO B R S 30 T Cu 214
kg hm™ a™ (Cd 0.592 kg hm ™ a™' | As 0.218 kg hm™ a™"; T KX} Zn HIHEBCR R B b, 535 3.6 kg hm™> a5 J#H3E
—ZEX} Pb MR A 1.26 kg hm™ a™' o PR =FEM LG, 40 b R 2RAESEA TR, R AR — 45
AR RSB IE— P3N T, T LA R AR AR AR AR U RS A AR SRR S P i B R I Se——0K il
TMZELS 5 e 0 B 4 Y SRR AR L B A 24 . Horh Cu \Pb (Cd fe As TEIISR——MZE B
PRI R, 70500 2.4.2.0,0.66,0.25 kg hm™ a™' 3 20— FORBEF 9 Zn A1 Hg 42 B0, 20901 8
4.99.0.0079 kg hm™ a™', ZREKH] JhR—F K ISE—hZE R FERI, REE X 5 4 Jm #5473 2
B, H it S —— 28 A AR R A O 4 B 4 R I SR BRI, T AR T TR S R A S5 B &

3 HR—F KM —HETERIEEENNR

Sy

3 H R A1 O AR B 4 TR 1A A el T DR ER D < AR T 4 R R AR RIAEL ) (9 AR i A
Wiy A e FAE ) AR R BCF) SURAiT i — R 2 5 BA B W s 1 B E Y
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& HERB(BCF) —BARIE R & (B2 A KNS A il LA, i — M A E A Py 0 5 T 4
P ©Y RS RR EES R E AT YR L I3 Tk I SR — F A R Ak
16.6t/hm” | EK 25.29t/hm® Ji1%% 22.5t/hm’ , B¢ & BLAY— L5 48 & SEAE W) W38 22 S84 e K H rp R — 2= A=)
I B 0.380/hm? 21 | ARG S R (04 i 0.85—1.50/hm® ™ | &5 it A 5.50/hm™ 7 5 52 1L #3581
AR R 6.51/hm™ 7 K (6] H 25 E A Y AR AE Y G MR HIBE A 25—300/hm” Y E
SEMYAEY RS EZE U, RInT W FEA Y 2 8 4 JE N B SR, B s B R B & —A
ZIEEhS YA Y BT B X R HIEFE S m N LR E, fE—E M T A ER KR RIEY X E
&R MO 2 = Tl S Y,

x5 =ZMEUNESEHREIEE

Table 5 The amount of heavy metals extracted by three crops ghm™?a™!

VL] 4R M HREE The amount of heavy metals
Plant PR T ¥4 5341 B ) o

Cu Zn Pb Cd As Hg
JHI3% Rape 175 856 440 50.5 12.6 0.09
£k Corn 52 393 198 8.1 5.13 0.027
iM% Sunflower 1126 1840 578 274.5 64.95 0.1

FEDHb b 053 B Y o 5

Cu Zn Pb Cd As Hg
IH3% Rape 71 530 829 11 20 1.5
K Corn 166 3208 162 27.9 95.4 6.3
%% Sunflower 1018 1454 180 317.5 154 1

A HY R IO T 5 ) S

Cu Zn Ph Cd As Hg
iliZ% Rape 246 1386 1269 66.5 32.6 1.59
K Comn 218 3601 360 19.1 100.5 6.327
£ Sunflower 2144 3294 758 592 218 1.1
WzE—% K Rape—Corn 464 4987 1629 85.6 133.1 7.92
JHZE—H 2% Rape—Sunflower 2408 4680 2027 658.5 250 2.69

Wi NSRS, Al RIREFREBEH LAY BRI AN TIT 46 K AT B0 BE IR, Herh A= My RE IS AA
FHEARKRRRE FRESS IR A LREIR ™ . FORE IR Y LB JEORE S e 38 m] LAFE S A= 2 i1
JEORE, 1 TEATA AT AR BRI R B Ve R R AR R A RETRVE M OB ST B B S MU I
AR PRl i TS —— K Jhse——h 25X = AR AE Y I PI25 & iR MR Ok B R 4 R
TR XA T R T UA R0 25 B e P A B, AN 2 X0 PR 3 16 3 5 TRJ IR 3k =/ A WAL 8 T LA i
A ISR T (AN RE DAY ) | SRR A 2 id i B W) R e B SO B | SR Sk — 8 IO P IR . X iR
PR AE 52 75 2N T U)Xt 775 2 = M B P B AR RS T A 2 B vy <6 Ji 418 IS R S5 ML L )
gL, WRA AT,

4 %t

PIRRRAE A VR REED X G R A R FAR M LR R A, HAE W BOKR REA 250 P B 1 e
R ESE . Hrh Il ——IM SRR RN Zn A Hg (Y 52 B IS AI T S ——E KR AR A X, X Cu
Ph . Cd As A4RBCRARABLH DLW A3, s oK R OGR LUS SCRT VR LR M S il A= W) L i) J5OY
T AEFEA S EE A B FJEURE, PR bk et ) RS 5 7 BRI IR 5 64095 A FEURT AR XU, 8 6t L | i 20
K ) M I S U Ok
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