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Abstract; Phytoremediation has attracted much more attention in environmental cleanup. The relatively low biomass and
slow growth of metal hyperaccumulators restrict the efficiency of phytoextraction of heavy metals using these plants. The
objective of this study was to compare the efficiency of phytoextraction of cadmium ( Cd) with the hyperaccumulator Thlaspi
caerulescens and three high biomass plant species ( India mustard, tobacco and sunflower). A pot experiment was conducted
using a soil contaminated with Cd (2.87 mg-kg™") from past application of manure and fertilizer with Cd for long time.
The results showed that the Thlaspi caerulescens had a higher ability of Cd accumulation than other three plants species. The
Cd concentration in the shoots of Thlaspi caerulescens reached 43.7 mg-kg ™", whereas only 1.7 mg-kg ' Cd was found in
the shoots of sunflower. Cd concentration in the shoots of Thlaspi caerulescens was 10, 27 and 56 times of that of tobacco,
Indian mustard, and sunflower, respectively. However, tobacco had the highest biomass, which was 35, 3 and 2 times of
Thlaspi caerulescens, Indian mustard and sunflower, respectively. Total uptake of Cd from the soil was 117, 35, 30 and 10
pg-pot " for tobacco, Thlaspi caerulescens, India mustard and sunflower, respectively. Phytoextracion efficiency was 1% ,
0.6% , 0.5% and 0.08% for tobacco, Thlaspi caerulescens, India mustard and sunflower, respectively. Furthermore,
there was no significant difference in either total or extractable Cd concentration in the soil after the four plant species were

harvested.
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BEE TR E 2T R RN TV BK JE SRR R EHE, TIEFRIEYE SRS R R H &,
2002 AEAR M IR W I FR G 8 %t 4 24 47 (T 320 NS YL EIX 548 J7 hm® AR AL, KHIK = RI5 58
PRI T Y X AR T TR 20% |, HrpE 4R AR 5 15 e HIRAR VR i 80% 1

TIEE SR YR, IR S RN RS E RS R IR E R . B RIS SRR
TEFIF R, — R A I BP0 R R R ), IR E R 4R . McGrath %5 A F 1998 4F 2 2000 4F
FEJ [E Bedfordshire #47 T 3a FH EIAWFFT , BFF G5 R R, FiAE 14 A H FBIESE A BB E 505
BT EK 21.7% M1 4.4% " . BARB BRUEY B HE Ak R R 1 AR BOIUR (B2 2508 R RUEY 4 K
S8 AW BB AT BE  MEATE LR A= PR LI Z M o T —ME R T U8, A KRB ERE R
YIREA EEELRE N ERNIE RPN E SR . Blaylock Z7E54 100 mg-kg ™' f +- 1+,
JE ] 1mmol -L ™' ) EDTA 1 J&J5 , ENEESF3E ( Brassica juncea) Hb b 545 Mk B 53] 500mg-kg ™',

YA E 4R Bl BARBE I A A A M B B R R B EE M AR B
FIRA T HE BEHEY 5 R4 Y B AR REEY N TH5 5 OB E SR, b A DB R AR
3 &R T5 YL ) R B E LA
1 HREH=E
1.1 A5kt

PRI 4R B AU RS IX R S A Pk (39°41'N;116°36'E) 0 ~20em YR )2 T3, %A i T 4R
Tt P& A WL TG B LR S B R E LI =GR B R B R 1.0 mg-kg ™' o ik LA
PR B AR & BT :pHT. 3, LK 2. 4% ,BRIRYS 2. 8% , TS &R 2.87 mg-kg ™',

BERAEY) MR R B A Y18 W 3% ( Thlaspi caerulescens ,Ganges A= 757) 1 3 #p & £ AE I BE AW ER
KEFEYHH B ( Nicotiana tabacum L. cv. K236) | EJl & 3% 5 ( Brassica juncea L. Czem) Fl[a] H 3% ( Helianthus
annuus L. iR R ANEE) o
1.2 %5

AR RT3 Smm 75 24, RIBHiEARAR N FI & 200mg-kg ™' +,P FE K 120mg-kg ' + K FiE
1 200mg-kg ™'+, ENESTRAB IR T /N, BALE + 2ke, 1 B EME R T KA, B A2+ ke,
KEH 4 FEMBESMEE, B T2, BIEREA S vk, MEEE 1 bk ENEITSEMm HE R ERE T
3, AR 10 KL, Y 5 S, 10d G EBEEST SR B i g4 4 B, ) H X R g4 1 bk, B RF R
HEEGIK G S 'S TIERER 20% . U EAEYI 4 P47, MY FPAE 60d J51Ek
1.3 Mot B b 3

KGR A PIRE R T IR AR, A AR P 4 2 5 10 DU S e R AR TT 3R SRR FIARE i 1 45 7 R A BEAR A
¢, A HNO,-HCIO, 34k, JE T W e——A B ik E AR S Cd & B, 4 548 & & R HCL-HNO, -
HF-HCIO, Hf# , JE TRl ——f Sy e A b Cd A B o AR IR (b B3RS I I B ) 3647 278
JREAE

A A A R Pueyo 45 AT S, 1381 0. 01mol - L™ ) CaCl, V242 #R % 2h B0 10min, i
B 5 BRI WA B R RO E R e B .

95 SAS8. 02 {4 AT5E 140 #T , 2 FE LR A Duncan #5550 ,

2 ZR5ite
2.1 BEEYHAEDEE

BRI 4 FEME KRR, MYKAEYEILE 1,4 MY ERMh T REYEER BE.
b EFERAE W s K IR MR, FLUOR ] H 28 ENBEST SR, R B SR A Y BN, HTEAR 1g, MR
W IR R IS BT L HZE R 35 A5 3 A5 2 £, W TH T HAMEN S 4 MEY NS
RIBF MR R EREET R > M B > [a] H 2E > i& K .
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R1 EYEYERILE (g pot ™' Dry Weight)
Table 1 Shoot biomass of four plants

i H Item HHEL Tobacco E[lEJ+3¢ Indian mustard Ji1] H 3% Sunflower 1B 5K Thlaspi caerulescens
Ht, -6 Shoot 24.8+1.7 (a) 8.1+0.8 (b) 13.7 0.6 (b) 0.720.2 (c)
HF 5 Root 0.9+0.2 (a) 1.0£0.2 (a) 0.8 0.1 (a) 0.120.0 (b)

FHBAR M + 2, FTHE S NAR FE R FE R 2Z 5 5% (Dunn,p <0.01) ,2AF[F Data are shown as mean + SD of four replicates,

different letters in brackets of the same row indicate significant differences for the each plant at p <0.01, the same below

2.2 KPS RIS . o
a O 8243§ Thlaspi caerulescens
4 FHEYAFT RS EERILE 1, SGitathds [ EPJ¥FF3% Indian mustard
50 |- J; B % Tobacco

REH] 4 FiiEY b LRI T E S B2 R BE i b
AR S RAE 1. Tmg kg ™' 5] 43. Tmg-kg ™' Z [, b T ERHR
BEFUE/N,AE 1.2 ~26.2mg-kg ™' Z [H], REBHEK
H b FRGR A B OR X B B RUHEY) 100mg - kg S %
1) BT AR F I Hh Bl 0 2 SO 1 R
18 PSR Py B R R S B R T A 3 A

[a] H 3% Sunflower

IS
S
T

e (mgkg™)

Cd concentration in plant
(3] W
S S
T T

=}
T

FEY, o RS B AR M BN EE ST SR Al H 25 b b
- b b b b
() 9 1027 A5 56 5 3t T 048 4 .43 2 A I oa N\ P -
B ENEESF AN H 3R 16,22 F1 17 45 (& 1) A Shoor JTH Roo
AVEERB (Y LR ERES HEPRS B RN AR5 (mg-kg ' DW)
=44 {E ) ﬁ% % rd A *E % % lIS( Z2 HELEN ﬁ% iR Fig. 1 Cd concentration in four plants

Baker” i\ g, i REVEY B ERFOTIZ AT 1, WHEF
RIEY R R BEL/DT 1o AR RREYEEREEREEE 14 UL, KA AT REG R FEIMER
W, 38 38 ( Ganges 4571 ) OB R BUE 3 ~73 Z M), FH{E N 16. 71, W EDBESTSE MRS & 4 R U 5
1.3 L6, HEERBOIRT 1, Yt EN BTSRRI X TP R EA —E W EERS . Ta HENE
ERBAUN 0.4 724, WA HZEXM IR M EEIEH, A RRT BN BEY (BIER) , FE &£ 158K 1E
Y1 (ERBETTR HEE)
2.3 TREWAARER SR

TRERERAAMETEILE 2, 4 MEDFEE DRERSBEARA LM, DIRAMESRTRE
3.05 ~4. 19pg-kg ™" Z 8], 534 HEAR LU, RN BETT SRS , 1308 S & A FTREAR  (HGE T 45 SR R
ERHFABE
2.4 HYHRBURSCRIELE

HEYPHRG B T L R | R RS A T o s Aveiae Ca 1"
AR, ARAR T 4 MERBARSORE 5, 85
AT LRI 117 g, B IESEMEDE ISR S 2 23
HIZ4E51% 35 peepot ™ F 30pg-pot ' i HEEHLRURR 5 5 2 4§§
B B 0p 7t BERTROBERAEN (R 8 E
2), 4 FHEYX HEPESRORIGURA D N HE T 23
1% ,iBW% 3 0. 6% ,EFEFF3E 0.5% , [a] H 2% 0. 08% ol TR BEE EERR EE . FRE 0
(£2), Control Thiaspi  Indian Sunflower Tobacco

JRUE T P ) R N SRR e L (LA 2 o coerascens s
SRR A AT A ), A b SR (5 - 1 B2 LAY H

EF'/%\%'%‘E/‘J 1% . ﬁiﬁ{%ﬁ?@ﬂf%ﬁi V;.] Wﬁﬁﬂﬁﬁﬂﬁ , H Fig. 2 Total Cd and available Cd concentration in soil
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6] A= 3B W 345 0. 9t-hm 31, EEESF 335 7. 3t-hm >3, JHEHE 12. 6 t-hm 3, i) H 284 12 t-hm >3,
$5 0 ~20cm KR (HIEAFEE 1. 3g-em ) PHESEREZRE LIS —FFERERME(CI<1.0
mg-kg ™), BTV H R EUAR BRI T M SO SR 2, T3t P ) SR B4R R A 5 ) S A B, L Oy
B ENEETTR A B 2%, T AR IS R AR, B 81
3 g

5REZHBBTHY)—E BERAE K, EYWRB/N, Ozuk 25 N BIoe g 220, B 7EBLHE R
TG 4K 75d BB IESE, TEIL) 30mg- plant ' 245, McGrath 2 A" H A FAE 4 > H 1B 153,
HAHBALH 0.38t-hm 2, THEK [ H 22425 A4y BA Yy 76 18] b 304 908 AT 2535 25 ~30t-hm >,

x2 BEXREMRIBENLLE
Table 2 The phytoextraction efficiency of four plants

BotmEAE  BEE AT

B BECE  MEWHAR U EWRR SRR A

184 Plants Total uptake Cd Phytoextraction ~ Cd concentration Predicted Predicted total i
. R Predicted No.
(pgepot™") efficiency (% ) (mg-kg™') yield in field uptake Cd .
(t-hm~?) (gohm~2) of planting

B 53K Thlaspi caerulescens 35 0.6 47.42 0.9 42.68 114
HHEL Tobacco 117 1.0 4.76 12.6 59.96 81
EJEJF3 Indian mustard 30 0.5 3.72 7.3 27.16 179
[a] H 2% Sunflower 9 0.08 1.21 12 14.52 335

PEHR R = BARAE YR x bR R SRR = PR R (LR AR x DR x 100% ; i (] SR B B = b B R A R
x T (] BRI s BT T g 8 AR = 2R x (LR - 2= G AR e ) /B (A 4R B 4% &t Total uptake Cd = shoot
biomass x shoot Cd con. ; phytoextraction efficiency = total uptake Cd/(soil Cd con. x soil weight) x 100% ; predicted total uptake Cd = shoot Cd con.
x predicted yield in field; predicted No. of planting = soil weight x (soil Cd con. — the 3™ grade of Environmental Quality Standard for Soils)/ predicted
total uptake Cd

ARBHMLGRE(E 1), BRPEYBERNESRIORIREENAER THE 3 fEEDEEY.
kayser % A" BB ST AR IR AR , 76 B3R 2. Smg - kg ™ L R MRG0 IR B AR
FERAZERPHEYE RS 172, —EPREREY, BRI E R AR S AT R i T e H B A
HRRRARE L AEZHERLZES, MEEYN ESREABR KRN, HEKREANESR
OB B

REBEREEESREIAANESE, HRELE RN TR AW REYERE . Kk ERTHAY
B BT RS MY R RIEZ A HEAE A 7T R 5 WA ) R O R M e R 2 —7) . Keller
A R A P RS T IR W SR A Y B AN B B TS B BETT SR ORI (AR R 7 3 R 43 A
XN T IRE R R . HBTST R R, B SAR R EE A TE 20em £ JZ H, T BN BEST 3 A B HAR
ATE LA AR S0em 5 60em, AHY) RBURK B (L,) Fidh L34 B H HE 53 L E &SRR E &
F5K. TEAREH M E 3 T AR 2 0B ISR 10 f5 70, HAR R 7E 139 vb 9 70 Y R L 58 T 1 B3
AT AR AR A B 25 1) T IRUR R I S M E R

4 P T R P SRR RS R R R (B 2) s 3B SR B 45 R R B 3R
BRBAR(R 2) o X TIREUEE &R AR, IR BGRW OO b BRH 1% . Y% LRPESR K
W, R T 5 IR E SR B R XN FERARE LR KT E SR R A A BT
A BRI PHRT pH (7. 3) B, AR S BN 4. 2pg ke ™' A R BIRE RIN 1% IR E WA BER
il T AR e R IR

RAE— SR B 5 R, 8 R YE SRR RN E SR RN RE, iT SR LR TR SES
JRPE AR R AREIE ) BN FARK AR R R BR, DR A RS R A BB B MRk,
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SZhR b TES B DEP MBS MR RN L E 4R M B R R TR RS 1 ~
2 em ARFPRIX I . FEASIRTEH, B ISR A KNS, s T E AW E TE(UA 0. 1g/pot, HAR PR K8 7E -
RH BT o5 B EL AR, T R B AR FAR PR 138, TR T RE S BRI TG 9 R IUA RSB A W B MK
FZE N

— s NP BARKAEYBEYEANES RSB, AREAYE TS TEER, N ELA
LB EE . ARRIEEIREN, BA —E EEENEE, HRBOCRE —E B E Ed @R 2
B (BRI AT M EEORE , IR A B O D S B 23R E LR — SR R B AT
ME(Cd<1.0 mg-kg™") , BB 81 FEMAE, BRI A EABLE Lo McGrath Fl Zhao'™ #4371 4
YHEE B RTATE , A TA R SR B AR RSB T AR Y B A AE Y B E R BRI EE NS, WREYE
FEAE RN 10t-hm ~*  HAE Y B 42 R TR ZIA T 20 BRE T, ST A 10 ZEAEY) A AT RERE LR E R 1
WIS . PR BB RS R RS YR AE 12.6 t-hm 2 (HEHAYEERBAEA 1.6 (kT
20) , BRI REBUASH R A0S R o BT AR H 1)+ 38 E 4 135 AR BE AR O , e 4 38 IO 1 o
YIRBR AT R TR E SR NA NS SRR R R RS e B AP R,
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