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Cd-, As- and Pb-Polluted Farmland Remediation Potentials of Solanum nigrum, Pteris cretica var. nervosa and
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Abstract: A field trial was conducted in heavy metal-contaminated agricultural land located in Gejiu City, Yunnan Prov-
ince to investigate characteristics of Pb, Cd and As absorption and Pb, Cd and As contaminated farmland remediation po-
tentials of Solanum nigrum, Pteris cretica var. nervosa and Tephrosia candida as affected by planting mode of the plants.
The mean concentrations of Cd and As in the experiment soil were both beyond the criteria of Grade Il in the " Environ-
ment Quality Standard for Soils" (GB 15618-1995). Regardless of planting mode, Cd uptake or concentration was the
highest in the shoots of S. nigrum, reaching (6.99+0.25) mg - kg™', As uptake the highest in the shoots of P. cretica
var. nervosa, reaching (326.98+93.99) mg - kg™', and Pb uptake the highest in the shoots of T. candida, reaching
(32.96+5.65) mg - kg™'. However, these values are still lower than the threshold concentrations for hyperaccumulators i.
e. 100 mg + kg™' for Cd, 1 000 mg + kg™ for As and 1 000 mg - kg™" for Pb. Comparison of planting modes show that in
the mode of S. nigrum being planted alone, Pb, Cd and As uptake was all the highest in the shoots of the plant, reaching
1 004.97, 152.04 and 1 534.47 g - hm™ - a' | respectively. If the Cd and As contaminated farmland is to be remedied
up to the criteria of Grade Il in the " Environment Quality Standard for Soils" (GB 15618-1995) , the phytoextraction rate
of Cd and As should be 2. 811 6% and 1.413% , respectively, which indicates that the planting mode of monocropping of
S. nigrum is a potential method to remedy Pb, Cd and As contaminated farmland, but not fit for remediation of farmlands
highly contaminated with heavy metals.
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HEEMYBRRAESE" MEAHES
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M Z ) 2 B EEOR A G & A ]
TEERGYETIENBEMRC AR EZHRIE, B
TR IF TR R K G B A B 1 % N, B2 N
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AT BRC B T 220 1 H R 1Y R A, K A R
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o A TR 18 B B [ T A 2 S AUh B e ) R

i AN R] /N DO ST T Cd B AR A
W E %% ( Solanum nigrum ) ) As HEE SRR
H U ( Preris cretica var. nervosa) UOTHI Ph M A
Y22 K ( Tephrosia candida) R [ i R AT 45
PF T YRR 2 6 SR B RRAE , R0 IR A
G E 7 B E Ph.Cd Fl As B & 15 YA 1 10
J1, Wk fEEE Ph - Cd — As A T5 LA H
AR T2

1 #REFE

1.1 REEH

FH [ 56 b s A 67 T 25 B 48 A4 TH T A i )
HAR 232 m® IFKTTIE (50.9 mx4.5 m) K H
20 22 70 AR, X gR A R R 0 A i L, K o
RATHAREA R, SBURHESEIG Y, BARRE
WAL R AR T A 40 4% a, (HIZ X 49 5 4
JR AR o U b T AR DX EL A LR
PR v D RN 2 XU R AR, A4 TG ™ 98 B TG I
BRI, TSI B ERGAEAE 11,5~
23.0 C i< 25.9 C, A< -4. 5 C;4FF
Pyf ok f 878.90 ~ 1 815.31 mm, 4F #4728 & &
1203.1 mm, ZXPUZAREA HBE HEN X
P R 5—10 A AREK R oK 29 5 2 4F
(1 80.3%, Ho4x Ay 2 0 B 25, % X AH X iR
84% , SAETCFR I 2 287 d, —FAHAE 10 H B4R 1
H 255 ,2—3 H 2, 25 X1m kv pg K, 735 )G
273.8m s,
1.2 gk

A0 25 F R v 3R B N AR AT
FpF-4t & T , 025 R 2 I v - A2 R A2 05 e 1)
MR E, ARKE 2~3 B/ E S EUR ok ST

PIZN AT R, K i R4 ok | v R
2 BE R T, BRI 5~7 em & i 3~5 Hhit
RS 4l AT H A

1.3 HiE/MNXiREE

B AMAL SRR 2011 4F 4 H—7 A, R A H
) /NS 7 v, i 32 /N, BFANNX K 3 m,
$E 2 m,/NX A [E]BE 0.5 m, 56 /N X Bl AL 15 4] 1E
(CK, AMAEAEY) ) JEZERAE(C) R HA R
YECA) S BaqE (P ) e ZEFIOR I 113 HE )
YE(AC) JEZERE ST EIVE(CP) R i 5
AV (VR (AP) DA K e 28 K3 F i FEFn
BRI [EVE(ACP ) 8 Fka ¥ iy X, 4 Fh R i
K4 ANEE, B/NXFIE 60 #RAHY,2 Fhk ) e
YERFEEFPAE Y 30 Ak, 3 FhoAE 4 (8] 1F B A3 F 20 #k
YIRS 1 5 N(NH,C1) (P (KH,PO,) #l K
(KCI) ,jifi FH & 43 51 2 100,50 F1 75 kg - hm™, i
YIFhAE 4 D H IEWOR , JEREAPIR X T
1.4 HRMERINETE

FEYIRE S 43 b SRR R, kK vk T
HE 2B FAME 2~3 W, T 105 C & F A4
T 30 min, 7E 70 C A MR E R, W@ T,
VR T RE B I 3 0.3 mm fFLARJE B, R
HNO, — HCIO, &M ", I 7R Ot g4 (36 H
Varian AA240FS Bl & Pb 1 Cd & ;R H &1k
Wy &R RSO I E B As, EFERCT R it
i, T pH {EME R A7 & Pb FILEL Cd &%
S SR K SRR T B R T OO T
As P RS kAR TGS L, Bk
VEIT LS IR 13-14]

25 AR AR TEARE A (GBW — 08505) | 1 3%
FRUERES (GBW — 08303) LA Iz As . Pb Hil Cd FrifEia
TR B 1 Z bR AED) A I o, A IC R B mbR
WCRITTE 90% ~99% Z 1], £F 6 T0 R 7 1 43 A1 T it
FEEK
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T A R R BUSCR Y = A b E AR
ZRE/((HEESRASRE-THEESIRMN =Y
FRUEM ) x T HERT i ] x100% ; 38 5 10 = 4 9%
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FEIR P 4 5 > R M 3 T o <A R
B WO HEYME AR = H i = (RS &
- T IERE SR W SRR ) A Y R R
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K SAS 9. 0 B BB HE A T R R 2 O 22
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igin 8. 0 BAFVERIGF AT A OCHE 73 4T, P<0. 05 FRoR
ZREE P<0.0] TREFWDE,

2 HRE5SM

2.1 TESEEESENN
21 AT, &b 8+ 3 & 4 )8 Pb.Cd Fl As

1 ZRETHEpHEMNELESE

Fr i AN, (A A B ) 22 5 F8 R 3 B 2 K (P>
0.05), 3 Cd Al As & & F¥EHEL GB
15618—1995( 1 43¢ PR 455 o 1t b o) Hh 19 = A U
RIVER B AR A= 7= R P 1E 8 AR K ) 1 3 (L
pH H >6) I R fH: Cd 1.0 mg - kg™', As 40
mg - kg™,

Table 1 Pb, Cd, and As concentration and pH in soils different in treatment

w(Pb)/(mg - kg™")

w(Cd)/(mg - kg™") w(As)/(mg + kg™")

o i FHf M i G T M
CK 7.20+0. 24° 521.0+106. 8* 399.0~597.5 3.46+0.11°* 3.33~3.55 304.0x46. 1° 251.0~327.2
C 7.17+0. 14* 457.9+136.2° 375.2~615. 1 3.33+0. 26" 3.13~3.62 294.4+71. 3" 231.3~371.8
A 7.25+0.17* 474.7+147. 5% 339.1~631.8 3.41+0. 32* 3.04~3. 64 307.1+92.1° 212.7~396.7
P 7.32+0.17* 470.2+132.0° 356.9~615. 1 3.77+0. 49* 3.24~4.19 300. 6+83. 5° 246.2~396. 8
AC 7.25+0. 18" 496. 7+106. 3* 395.1~607. 1 3.79+0.11* 3.65~3.87 271.4+43.1° 235.1~319. 1
Cp 7.17+0. 11* 482.9+133.0° 395.3~636.0 3.73+0. 46* 3.43~4.26 316.2+65.2° 265.7~389. 8
AP 7.26+0. 22° 487.4+138.7° 356.1~632.4 3.45+0.13* 3.32~3.58 320.3+71.2° 246.0~388.0
ACP 7.20+0. 04* 529.3+103.3* 415.9~618. 1 3.67+0. 12* 3.55~3.79 309.2+57.7° 242.8~346.5

CK AT ; CONTETERAE; A R IF DARE AR P ORI B4 AC NIRRT I DA R4, CP O e 2% Al j = k-]
FE5 AP Sy ML R RS RI E ; ACP O 3 FREWIIEIAT . B AP AR 2E  n=4, [A—FBHRS IS0 NE FREAR ] 2R Ak 2 i)
Hoibtnze s B (P<0.05) , 33U/ NE PR R 22 5 A B3 (P>0.05)

2.2 HEHWEKRR

M 2 7], 7E Pb .Cd 1 As E B T5 055 10F T,
NG R L o w2 =1 & s
HRF T B i 34 T8 3 520 ( P>0. 05) , S KA 530 -
93 cm . 69.52 g - BRTHI9.22 g - R mERMIHED
N, SACEE A ML, AL AC AT ACP By
B FEFEAR (P<0.05) ; 5403 A FI AP AL, kb33 AC

x2 AREVEEMEAXTHEMENE

KA I Bt 3R 2 T R (P<0.05) 11
ANV A 3O R I 1 3 AR R T T R
B REFL(P>0.05) , W2k w5, A3 cp
FACP A= A B30T BT it i LT AL 3 P A AP
(P<0.05) ; {H N [ml A 49 e B o X0 J 2 AR
BB TG 2 5 (P>0. 05)

Table 2 Biomass of the tested plants as affected by planting mode

AbE LS P/ cm M E 8 TRk (g - BR ) TRER TR (g - B )
T L A FinE| A A

C e 80* 55~93 57.72% 50. 46~65.78 7. 14* 6.62~8.54

A K& 41° 35~45 3.25¢ 2.26~4.12 2.68* 1.52~3.67

P R 46° 35~52 10. 23* 7.52~14.68 1. 68° 1.25~1.92

AC S 74% 52~89 52.21* 42. 46~69. 52 8. 87° 6.42~9.22
KM R 23b 18~27 1.25" 1.15~1.45 1.25° 0.98~1.46

cp e 64° 62~67 59. 87* 58.20~62. 15 7.35% 6.42~8.22
SR 25" 18~31 1.26" 0.67~1.69 0. 87° 0.81~0.92

AP Kb 35% 24~42 3.25% 2.15~4.28 1.26° 0.98~1.56
SR 440 41~49 8. 94* 8.21~9.82 0. 96° 0.52~1.79

ACP KmF O 22P 19~26 1.58% 1.25~1.86 2.54* 1.25~3.66
Je 2% 56° 52~62 51.21° 49.36~59. 62 6.23" 5.87~8.26

JE R 18" 14~21 1. 16 0.62~1.45 1. 68° 0.22~1.87

AL R |, 6 — S BOR5 3E 30/ NS Rk A (8] 3278 b B IR) BE 48 45 22 57 .35 (P<0. 05) , 3 3C/NG TR [R) 0K 22 5 A B35 (P>0.05)

n=4,
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TR EEZER(P>0.05), & [ Pb &L
b C AR K, 15(39.71+7.01) mg - kg™', Pb #A
WM Y — K E P A R B/ R
25 AFEAEYRCE A AE R 3 B AR R Ph
SR AR [ Ml b5 — 385, RIS ()4 4 B A
%] AR P &0 25 5% (P>0.05) .
K I 1 BAREB X Ph A4 W i 35 K T Hoth 2 Fif
Y, Dhab B ACP R fie K, 15 (64.40 £21.82)
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C—Ie B8, A—JRM S D B L s P—JEse Kt Hf:
AC—TeBE RN I ML R CP—JE BE RS (A A 5
AP—R M- H 1 F RS R4 ACP—3 R I
LR RA Y B AR AR, 3 S0/ RN R R AR B R AR B
X5 B3 (P<0.05) , NG FRAHRIFR2E AR RE (P>0.05) ,n=4,

1 AEEYEREMEAXTEDERN P R2
Fig. 1 Effect of planting mode on

Pb concentration in the plants
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(6.99+0.21) mg - kg™, {HA [A) 4y fic - A A 0y =X
[ g 28 b 1B X% Cd Ml T & 2% (P>
0.05) .

TE Ph Cd Fl As A T5 9T, AN AH 4 e &
FE 7 206 3 TP As (52 LI 3,

O a
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s
O k%% mRMIFHs; BREEKT,
C—le 5ty A—RIMIF A REAAE . P—Jg K sl
AC—JEBERRI I LA REE AR ; CP—JR 38 At Il
AP—R I F L R AN K [ ; ACP—3 Rty I £
HE IR A L AR 5, 23/ AR ) R AL HE ) A
225 .3 (P<0.05) , P 3UNE FRAHIR /R 22 5 A .35 (P>0.05) ,n=4,

2 AEEYEEMEARXNTENERN CARE
Fig. 2 Effect of planting mode on

Cd concentration in the plants
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AC—JEBERARI P L REE AR ;. CP—JR 38 A it e
AP—R M-I 1 BRI E R ACP—3 R4 I
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AEFE AP FTACP RIS REHh X As B
HYNFRES, SHAB BN, A FE A K10
M H B AAR AT As WO Y Ik e, o ok
(326.98+93.99) F1(326.31+107.69) mg - kg ™',
AN [ A Ay e ke T [ A ) b B % As 19
Wi i TG ik 2 25 5 (P>0. 05)
2.4 EYFNEEENRIEMEENER
AN[EAE P C A D =CT 3 R T Rl
HEERREIE 3, HFHARE T 3 Ay
FBXT Ph . Cd F1 As (WIS AR L, Ab B C b b
X Ph . Cd Fl As AW i B R, — U Wi 430 R
334.99 50. 68 F1511.49 g - hm™>, EH&AAFIE 3
YO AL B C Jp s EEBXT P Cd Al As Wi &
4351 1 004.97 152,04 11534.47 g - hm™ - a™',
ARIBCE R 2R As B EMY—KR IO
NFCHE EFEXT As 0 — RIS DAAL 3 AC Rk,
=ik 295.93 ¢ -+ hm ™ i A A e B A A 7 U, Pb
B AR — R R Ph R — R I
HIALEE CP iR K, ik 158. 17 g « hm ™ BI/NF
AbFE C,

®3 FEEVMEEMEAITED M EBREEEE

=
BE

Table 3 Effect of planting mode on total uptake of heavy

metals in shoots of the plants

M L FR R IR U/ (g - hm?)

i Pb Cd As
(0 334.99 50. 68 511.49
14.53 0.36 151.77
P 33.18 1.35 59.26
AC 141. 12 27.32 295.93
CcP 158.17 30. 61 330.05
AP 25.61 1.01 73.09
ACP 94. 64 19. 18 170.75

C IR AR A SRR IF LA AR, P ORI K HA; AC
SJEBERRM I LA RE AR CP O R SR = IR HIAE ;. AP K
S U RO SR M A ACP g 3 R Ia] 1

Rk 2 g S E R 1.3 - m, HAY$E
82 FEAET THBR 1 20 cm WA, 1E Pb Cd il
As BATGYMFT 3 PR AN A e 0y =X i 9
Hb 1 FRI U 4R IRCR LR 4, 4 Bon b FE C
JEFEH HXT Cd A As AR ISR M fe ok, AR A HE L
BRI R 0.937 29%F1 0. 471% . TE =S N IHTHTHY
ST R AR IR Y 220~250 d, BRAFEA]
XPH L EBHEAT 3 A E, H 5, B AR AR B C O
ZEH X Cd AT As EREUECR 2 51 R 2. 811 6%
FI1.413%, XF Cd T5 3 HE UL, b3 C ¥ B

iK% GB 15618—1995 7R = bR vk T 75 16 52 4K
/DR 121 (240 a) T As 15484 ISR, fx
/1294 (2 431 a) .

x4 AEEYEEMEAXTEDM BN ESENIR
Ve
Table 4 Effect of planting mode on heavy metals uptake

rate in shoots of the plants

s T 4w B SR U/ % Bt Bt B Z AL
Pb Cd As Cd As
CK — 0 0 0 0
C — 0.9372  0.471 121 1294
A — 0.0057  0.134 17 414 4578
p — 0.0187  0.053 5337 11 441
AC — 0.3772  0.249 266 2034
cp — 0.4311  0.287 232 2177
AP — 0.0158  0.063 6 310 9 975
ACP  0.1242  0.2762  0.134 362 4101

CK AAMRAEY; CoATRZERME; A SRR IF OB BE, Py
SR AC N REERR I O F e, CP b e e Mg
JRIFTEE ;. AP SR O R A 25t [l 4 5 ACP g 3 FAe 4
WIE, —Fess 13 Ph & HH7E GB 15618—1995( - HEFRIE 5t A i)
Hh 1 = SRR U Bl AT SR BOER

3 it

R SR WG S H R & 5 ) SR T
Yt IR 4R E R ALE AR R EE
WF5E A [a) L & A 7 3R, 3 s b bt
PR 438 1 i KR 53901 8 . 26X Cd, (6. 99+
0.25) mg - kg™ KM I T F X As, (326.98 +
93.99) mg - kg™ ; A E KX Ph, (32.96+5.65)
mg - kg, 3 H A IR B E A AW A I B B E
(Cd 100 mg - kg™', As 1 000 mg - kg™', Pb 1 000
mg « kg ") XATRE S IR E SR B AR
B 2T A s B | SRR B DL 2 2
AUERTESRBZMMMATAEREREA L, £
B B, R H B Ph.Cd Al As B &
15 4% g I/ e 25 RO i RN = 2
R (NTA) . & Z WU 2@ (EDTA) F1 4 — R — 3% 31
R (EDDS) Ab# g %5 Hb | 3% Cd B W i & o = ik
(7.02+0.88) mg - kg™, KI5 ;b - FXT As
Wi K, 35 (328, 54+45.86) mg - kg™, HR
IREI R A YGRS BN AT As
B AR I I L B B AR A e B, 7E As
HEN 111~299 mg - kg™ AYRE" X 1 55 ot
PR AR As B9 W I B 5 7T 35 694 mg -
ke, As BTN 418 mg - ke, PhEHIESL
I WET 45 i 78 + 56 AN Cd IR /N T 25
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mg - kg™ B AHPIAN Cd & BEARA B & EEY G
FEE(100 mg - kg™ ) o RN, BH PR R
K I FXT As BRI FE R LIAL , 5 & 4l
Wil BB AR L, 22X Cd R HE % Ph 6
HRE, RPIREERY, cd BEEMY RERE T
ILTALHETY P B E SRR T
AR A X 2 AR A Z 4 B TS Y
By Hh -4 AR W 5 v e 25 R R 1
AR AMUFF LR T3, iR 2E 7 UL R E
4 Ja 15 YA AURIAR BE i AN ) T e T 350X 2 P4
XFPb il Cd s EBRIR R, 535, EH 5
BRI D 3 T As BB 4R R R LIAN, B2
Cd =t xt Ph (15 SR 480/ X T g5 1
pH S PEs w2 1) U IR ZM R
Ii] {4 2 AR S R A %o B 4 R AL A
TU %2 &3, K pH {344 R TR As BT
W, Bl + 3% pH (E T+, AR As (Wl i
Wik b, —SERFoE R B, 4 As BEIE i AL AR
5 Pb Zn 554 )R BHE F kA 2 A IO, T REAIR
Y% 4 T i P lan, 3 Ph BE
EIPIRAR B T A TR 45 A i AN S A A I
IR, ZE# 5 — W9 £, B 3Erh &k Ph
2 I AT As MR, I, A
— S W AE A ) b A A R LA 3 v
L0 42 8 2 (R AR HIDLERAS e it — IR AT .
W34 IR 4 Rk R 3R cd
AR IR 51 R AR 1. 0% , 38 #E37 0. 6% (Cd
Y NS 0. 5% , 1 H¥£ 0. 08%, 4 Fif
FEYIXT L3 Cd AR BRI T E H 5 h
FAVETEZEXT H 3P Cd AR FRIRICR (2. 811 6% )
IIEAl T RIS B, B RE ST SR IR AR AR
TEHFAT Cd Bl 40 mg - kg™ T HERIHRBCIERA
$90.7% 0. 4%F10. 5%, EFEBFEH 3 Fia AR
Pie 5 AhkE 7 24k B B T S5 B FR X Ph Cd Al
As B W IR B K, AF I I 4 i 1 004,97,
152.04 Fl1 1 534.47 g - hm™, #FiZA MY X
Cd I As 75 Y4 H + HE W 15 & 35 3] GB 15618—
1995 HiY = 2 bR i, 4 BOK 3 433 4 0. 937 2%
F10. 471% , GABH AR e 285 Ph (Cd Fil As 515 4
KW PIEBEERAG R, HERzZRHEBER
iKF) GB 15618—1995 H (1) = G b i, W] 43 53] 75 22
40(Cd) A1 431 a( As), BIRX I A H AL XL,
RS 156 B AR ) ) B 4 J V5 G IR0 B ACRAL, #E
RS 5 5 — 5 T, U W B — R 018 2 AR
EHTEEESEG L AR E, E4)E5 Y

TIERE B RCR A TR E R I A=Y
T2 AT AR /N R R
DIARSG , AN TR o 8 2 X6 488 52 ROCR 1) 52 e A 1k —
MWIFE, —L U B RAE Y A Y R N
SR SRR, B h T YRR, A LR B
SRR B, SEBRAE P SR KA
G R W R R Y B R 2R R S Y
TIEAABLFRCR

Rl 4 i ALY NS B 4 T OB S AR DRI T
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