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FRIEETHBEET R RXARMHEM PN EES 2 tFHE"

FRx12, F W2, Lk, BEM2, AT, KR4, BKH?2
(12RO e ey e A VIR R 5 R O SR %, ) 2 shERRE R ST R
RSN (WREIRFTIORD, R 210008; 3 SHURM AL SAEMRIER, ZRIM  234000)

241000;

O WA AR K KRR TIT T Zn Rl Cd S SR 5 KA F 10 Zn. Cd ZEM M0
FRIE. SRR, RS A SR Cd IR w1 et o AR oh Zn WRPEARF et . IRl R, E LR
R 3R, 5 4 EINMRTG 43 (S1D Lt rh Zn W BEAR T pedhit, (Armim g8 (S4) Logintrh Zn WS m T ittt ; T
FTH 62, S, S4 FFn Zn WREEMMR T AT, HAE S1 L& ERIBEAKT: 54 5 6 2, - 5R8m b od WK
TRZE E Tt (B ST I Cd IR IS i T8 A1) o AKEFRIG SRR I, TCIRTE R Zn (600 pmol/L)+ 15 Cd (100 pmol/L),
AT Zn (10 pmol/L)+ K Cd (1 pmol/L) AbEE, Firbrh Zn, Cd ¥R T Heahms i HLBf S Ab BRI 8] 0 B4, i ity
i Zn, CAWREES BB BTl ARG N, Hrm A b Zn Bm 20 04 43 107, 33 774 mg/kg (LT EH) (600 pmol/L,
TR 56 KD R ESCGA T Cd R 2R 15 057 9 060 mg/kg (BLTEF) (100 umol/L Cd, ALFE 56 K). ixsbs

REY], Zn. Cd AR SRFTH AR M 5 HA KA B Zn. Cd FIREETEHE A AL AbBLIN (0] KA T
ARFAE BT BEEAT O, IR H] Zn, Cd ARSEZM A TR T BE S A0 SOSB R A Zn, Cd BIFLEIA 6.

KEEIR:  ERTERCR; nHg
FESES: X53

B 4

BE (Zn) 2 Tl AR 5 b d5 S B2 v ey 2 —1Y,
P AR AR R R TR (CdD
Se RS G YY) 2 —, FHERUK R A7 AE Cd
Y, WY Cd GBI (BRAEYDD WOBOT RS B th I
Sl i Wy AR SRR A FH 23 k1 0 i 5 ke A
T Z o0kl . od FEN HEmh, & myEm &
R T PO, B Jd v e ein B R 32 2 1
MYt BEEEfL. BB, AEke. AR, XUEERA
VRELS T Y, MG SR AT B A
TG H WA R TRE  PREEAF F ] R R
A e A M 2

PRI SO CAIESE AR TR E B A KK Zn AN
Cd s R . by 1 W HROE R SR
(Sedum alfredii) ZKFISHH AT LAIFL S 17 360 mg/kg
Zn 1fi AN EIAT AT #E R s Sun SR IL Bidens
pilosa "1 Cd IR S H K 2 /N BRI Sy i > 25 > 4 >
1., Hammer% Pk (A% &L Salix viminalis 1

ORAITE: PHEBZER ARG TREZ T E (KSCX2-YW-G053)+ HEEH AT A B RITE (2006AA10Z406) [ [HAREFS2 34 FD-22005-4)— 7l

A L T EERRI15% ~ 19%, R Cd $2H
TR 34% ~ 37%. DT IXEEHGIESS 2 Zn
Cd [ EEAEA7 2 5 10 FLIX L0 B AR [F A 2838
RLIFATANIE 5]

I HT AN R AN [R] k8 ity 1) T 4 8 R PR A
R %, HEEFIRAG—; X iE b 5 48 1 & 4R
Je oy A 22 5t R B F AR /b o ASCEL Zn Bl Cd B
R SR A PEARRED), IR BARFK SR
W S RAEA R AESE RN Zn 8L Cd A FEKF
XEANFRI RS Zn BE Cd s SR A RRAE, LABIR
R Y LA B RS, DAESEEHEYA
[Fi) 25 B FIZH 2R e (1) B o AT R B A v B AL 1)
PRI AR o

1 #Rl57H%E
1.1 HES5ZEFHRE

@EA T H L ch Rl R An UG e T ER R I i T H (K SOX2-YW-GO53)
ISR T T A AR N S AT 1 AW

FH7

H (40621001 Frp ERFE B 007 FBAE Br-A AE KA U RITE (CXTD-Z2005-4) % ).
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AN TR PR BT B R A PR SR R AN R R R R AR S O A R AIE —

FEH, R IR RN 3R a6 T B AT SR IR A LN
AR —NEFEED X, T ESRAK VR, BTRCR /N —5L
Bedk, AERBIFRAE DM IR. HIRWHC T H: 1
mmol/L Ca(NO;),-+4H,0. 10 mmol/L KH,PO,+3H,0.
0.5 mmol/L MgS0O,+7H,0. 0.2 mmol/L KCI, 2 mmol/L
MES. 1 mmol/L KOH. 10 umol/L H;BO5. 1.8 umol/L
MnSO,+4H,0. 0.31 umol/L CuSO4+5H,0. 0.2 pmol/L
Na,Mo0O,+2H,0. 0.5 pumol/L NiSO,4+6H,0. 0.2 mmol/L
Fe-EDTA. 5 pumol/L ZnNO4. H 0.1 mol/L NaOH &%
0.1 mol/L HCl W75 7= pH fi, MILLRFFAE 5.8 72
F, ELZAR . WU FRAEE KSR AT, BEHOGI
14 h, Hif 25°C, i 20°C, BJE 60% ~ 70%. &
FEUAE 4 RSk, TG 7R M ) 5 B AR 22 K A2
Ko

H [R5 T 2006 4F 4 H 22 7 HAEHTTTATMI A0 3
R A EREAED SUR, A NGB TE
] TRV KE S S IR RS B
bR TIRRAORIE R B B, AR R
pH {H % 7.98, +3Erf Zn. Cd & &5 54 1374 mg/kg
F13.60 mg/kg.

AR g IR SR = kAT, R
BER AWHIETN B IG H /N m T, 0 ~20 em £
A, AT 1 2 mm Je AR, & MRS (S
i (S4) i, (il HgasEAd g 1. T
2006 4F 4 H 15 OREEMIEMET SR 5 8k, BEALEE 5
WES, NS BREELE 7K, REEEKEN
TR KR 70%. EWBEIER 1, 4ikE
T ERE TR DL RUF I . Vg RIS
RESAEE, HFhE 6 =, H P&k 4 =05 6 &
INFERrEm . 25 4 ZEREFRINTA] R 2007 4F 4 H 14 H 3
2007 427 H 5 Hs 25 6 =R A1 2007 4 11 ] 15
H 2 2008 4 4 J1 15 H.

F1 ERAEHKTIREZER

Table 1 ~Chemical properties of soils used in pot experiment and total Zn and Cd concentrations

V5 YR pH (H,0) TC (g/kg) TN (g/kg) TP (g/kg) TK (g/kg) CEC (cmol/kg) % Zn (mg/kg) & Cd (mg/kg)
S1 6.47 42.2 3.75 21.6 16.1 321 1.11
S4 7.24 29.1 2.21 229 11.9 6499 153

1.2 KiERLE

KA SORPP P IAE SR AR R 2, ARG #6755 310
FMBHERGHET L, RAERE, BN FLR
FEAE K S AT, B IR T AR K = AR A S
RRE, 4 MEHB BT FRE KK, WRERW
Jil 5 JF uR kb B, A EE 10 pmol/L Zn (LA
Zn(NO,),+6H,0). 600 umol/L Zn. 1 umol/L Cd (LA
Cd(NOy),+4H,0). 100 pmol/L Cd. ¥ 77 Al 4b B i
711 0.1 mol/L NaOH £ 0.1 mol/L HC1 % J5 9 pH 14,
fEILARFEAE 5.8 Ay, LA . BRI 4 KEM
— W KIS 2 L Wk, RS R, RAabR
A 3, BENLHER, AbEE 7. 28, 56 KJG 43K
Ff o

BT R SR 5 B R I SEITAR IR 2 il
BT (RS20 90 K, T 5 ~ 8 Fr R 78
JEI g (SN T 30 KD BRI S
HORAK M 3 3, R 28 7oKk 3 38, 105°C R
A7 30 min, fRJGTE 85°C NHEAHTE, FWFEMIE,

GLEE
FHERE K K- AR A, MR R
HNO;-HCIO, (fABILL 3:2) 7, J PR e
i+ (Varian SpectrAA 220FS (KJfi). 220Z (A15847))
MsE Cdy Zn iRz .

TR 45 ] Excel 2003 A1 SPSS11.0 48 it FiEAT
I3HT

2 HR5N

2.1 HEFHETEHT ZXARMEM R SERRRS
fiE
Zn, Cd 553 B SORANRI B I Zn, Cd
SR FEAIR] (3 2)0 Bt Cd 1k B2 Rt
T3 A, TG Zn BB 1.5

2 BEFELE AT RXFEMEHF Zn, CdRE (mg/ke)

Table 2 Zn and Cd concentrations in young and mature leaves
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of Sedum plumbizincicola in polluted field

I Cd 7n
Bt 69.9+10.5 2310+ 327
S 223425 3499 + 572

2.2 BEHREXETET SRXARMERM FERTH BY4HE
2.2.1 AR Zn, CAIRE  ESFWRET SRR
Ja, T Cdy Zn AR NFE, 2B 4 AT S1H Zn
AN R 81.9%, Cd A AN 4 52.2%; S4
h Zn AR A R 0 90.6%, Cd A b A 5 1
60.9%. 5 6 ZERR AT S1 1 Zn A EA N SR+ 1 69.8%,
Cd & E=AUA R 1 19.8%; S4 1 Zn A5 R I+
) 84.5%, Cd AxHjk/b A i+ 1) 34.8%— (K 3) ).

Fx3 BEHARBESEPLIED Zn. CdE2ETH (mgke)
Table 3 Changes of total Zn and Cd concentrations in soils

dBuring pot experiment

TG YFRRE SKAER A] Zn cd
S1 2 4 ZERIRE AT 263+ 13 0.58 +£0.08
2 6 R T 24+ 11 0.2240.03
S4 5 4 PP ET 5891 +478 9.32 +0.59
3 6 ZFI R AT 5485 + 445 533 +0.34
,‘) 20 -
(a)
000 |
O rays
16000 | ;‘;%4
%1) [ =
on
£ 12000[
=
g _
8000 [
soo0| [ m
B ‘ R B ‘ R
S1 sS4

2.2.2 fEF SCRANEAE I Zny CAWRE Py
B4 FR, EKAE ST BRI SR M T
Zn RS 3242, 2048 mg/kg (K 1aA), ZEFAR
B MAKLE S4 FAERT SO A Zn ik
FESMHI 4 16 310+ —12 734 mg/kg, BIErH Zn W%
Fe TR WORES 6 R SURI R, S1 71 S4
AR Zn AR T AR ST EAEKH
PR S50 R A FUB TR BE 23 5 8 290, 1 360
mg/kg, B Zn WEE W E TR S4 bR
B R EE SN . 16 585, 14 876 mg/kg, JR -
Zn WREWS = TR, HERARE . LR 4 L2
956 7, AEKAT S4 AN SR A Zn 1)
WIEHEE m T ST _RAEKW R, Rk 15
Zn, Cd S MG, FEOT SO 4 8 1w AR A A
Bne g ESE D E R TR GRS 4
55 6 ZFT RS Zn oA 2 S R A

B S1 EZ8 6 ZEAEA SR M F st Cd KL
ZERANKAL, 55 4 Z=F0EE 6 ZRAE S5 R0 Cd 8 2
Fim TR (B 1bB); Cd femik 5 HILAE S4 ik

IR 4 7, 1A 254 mg/kg. -
20 000
15 000
300~ 10 000
300
(ab)
250 |
5000
5 200 | B edd
g sz
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1 EE

E1 FRISETIE T ERARMEH & Zn (aA) 1 Cd (bB) KE

Fig. 1 Zn (aA) and Cd (Bb) concentrations in leaves of Sedum plumbizincicola in soils with different contaminated degrees

2.3 KEBFHTARFRLBET RRXTREMERH
Sik=2 205

2.3.1 AN Zn ARBER AR SFR AN - R Zn (1
WEE BEWWCT Zn WREZIOHEIN, AR IOFT A

R Zn W EEAR NG K (18] 2aA0 . AR AT ik
OB Zn WEER) ST s . 7E 10 umol/L Zn
WHR, 7 RIGHI Zn WE W & TR, (HAL
P28 K56 KJa, Bt Zn WBEm T et (H

TRFER . MAE 600 pmol/L Zn &LF T, AbFR 7.
28 RFi i Zn WREER W35 T bt AbER 7 RS
PR E I R K, MAREE 56 K5 Hiit i Zn WK JE
WK T bt R S OB A Zn 9K
FEI 22 5 578 JR0H Zn ALBRIR S K A B 1) 11 K
P

—a>50 T 0
. i L@ 20000 o
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AN TR PR BT B R A PR SR R AN R R R R AR S O A R AIE —

PR SORBT 5 B (13X Rl Zn ¥R B AR AL RFAE,

JLR PR AT e B A AR I TR I G, A3 3 A= 4 ot
BRI MR RN B3, 5O 07 i 5 et X Zn 1R
WO AN TR, 37 P A B T O R AT R g AR PR IA 3
ARG, 1R Zn IFWOBGE AR BB
FEV & W B R . BEE AL BER R AE K, 600
umol/L Zn ALEE R, A rf Zn 9K BE 35 R
Hahn, ABAE 7 ~ 28 RIGK A RERL G A st
OB 7 RGN 27 525, 6 118 mg/kg, AbFH 28 K& 435
BahnEl 41 280, 18 833 mg/kg), 28 ~ 56 KIIHIM Zn
AR A T A 0 1T S I R G R
AEFE 56 K54 I n#] 43 107, 33 774 mg/kg), JRIA
A REEALEE 28 KBl Zn WRPEREE A GREET
), BT LU Zn & AR R, Ab3E 56 K
e AR Zn WPESRCR WAL 43 107, 33 774
mg/kg; 7E 10 umol/L Zn 4bFE N, W T¥+ Zn K
JEBAR CE B ALY IE A K T2 Zn IE R 5 pmol/L
Zr), PR SR Zn WREREIIN (7 ~28 X)) &
A% (28 ~56 K.
2.3.2 ANF Cd ALBEF T SORAN R - Cd 1)
W BEAET C IR EER N, A ST A
Rt Cd PIREEAHRIE N (] s a0 ANRATHPALER
T, Bt Cd IREEIR A T F 7E 1 pmol/L Cd
REEER, 7 RIGHI R Cd w2 v T, ik
B 28 RN 56 KRG, Hirlrh Cd B w1 et H2%
AR, WK R Cd RIS, FIe
Py R RS R T Cd R B K TRRE , BV R 24 i
o 7E 100 umol/L Cd AbHE R, 7 FKAI 28 K Hiif v
Cd KR BES B35 w5 T oA, AR 7 K54 2k Bk 2
FHIKF, KBE S6 RJEHh Cd WP T s, A
AL B 2K, 5 R T B B A A JHL R ) ) S K T
H-rfr Cd R Rk SR A R Cd ik
J5 f RAE Y U EAE 100 umol/L Cd 4bFE 56 Ki, it
MR rf Cd BV E 53504 15 057 9 060 mg/kg.

B AL BRI ] I E G, B 1 pumol/L iE/2 100
pmol/L Cd AbBR, AEH™ S5t A Fr - FS A Cd IRV B
BIARWHE 0, 78 100 pmol/L Cd AFE T, 37l jli 3
PR (7 ~28 KD BRI ERAR, J5H (28 ~56
K (PR EE R, 4E 1 pmol/L Cd AFE T, Hri-Ail
B Cd R R K228 H YT 100 umol/L Cd 4k
H, XIS Zn K EEFAEAL.

3 1t

3.1 AREETHT RRXARMEHPERENESR
FIA) G AR AR B L, Zn 1 Cd B 4R
D SR Cd R R, Salt 250
WRIL T AU 453, 38 W32 (Thlaspi caerulescens)
FIENFEFFE (Brassica juncea) £ 0.1 pg/ml Cd Ab#E 24
h JEFm e s T EL I Cd. Perronnet 25
BTt RI, AKAE Zn, Cd AV LI (Cd
16.3 mg/kg, Zn 4 1280 mg/kg) LIFi#EEi (Thlaspi
caerulescens) FritH Cd W& mT&nt. (HfF—Leff
FH LIRGIR AR, ENEESTSRAE 0.05. 0.5, 2.5, 10
mmol/L Cd &b# 16 K5 i Ab B Z b Cd R EER =
FHnl, HARKE (0.05 mmol/L) AbFL R X0l =T
55 3 8 2 KNS, 3 Cd Wkl 20, 40 mg/kg -
A P S A B B 2 A b3 5 — e i 1 T e
Cd WRBEZ W, EMrh Cd B E 82w TR,
PR 2 ~ 5 i S A1) Cd B 2 A
T 60%, JITCAMSERIST SR TS TG 4 IR
VARG X A RE R IS -a = I (E R oAty AP o3 T VAEA
FesR, CART RS gt AT R I, L
FIRLAER SR G, Br 13 NH4OAc $2IEs Zn, Cd
WL BRI, PR IR 2 S 0 SR DR AT e S A A AR
KA i Cd UHIE A A CdIREAH, AR
PESRAE AN [F) B X 560 I AR A 1 A B B A [ Bl
A FRIS A T B, A RFRAI T
3.2 AREETHT SRAARMEHPERENESR
PR SR BT R A f Zn SREELE IR . FAk
AR EE R A — 3. K BRI R SR A&
At Zn WBE ST fERRRI T G g
94 RN 6 AR KEREANR, e &4t
B, 54 i Zn SR BT, 56
ZER R Zn S e ded ZE . HRP T RE A
FH 0K BRI R AR B0 (5 G LRI, BEE R i
YR G, R E SRR RG]
PRI A 3 Zn WRBEFRAG, SECHMhE4S
JEE R B R J A PG s TTTAE yv s G b4 AR AR
SR, HbHhESEKER, ELMERREES
JE& A B ARAART AN, AR S A AT BRI, AT
FEAER 4 Z=NFT NG R ZE R B2, RS 6
ZEIN DU E T R BT B = A e X
5 E e A 8, e R A ST AR
SORKERRIGF LR, 751 umol/L Zn K03 13 K
e, B GIrt) Zn SEART R (e,
ESYEMEP Zn WRIZIGINE] 500 pmol/L I, _EHBIH:
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Zn WEEWFERR, M N Zn WERIANE, b
T 413 T = N

KEEAER, L Zn oK Zn AFE, b
Zn RPEX) ST ORI o X 50 B EE TSR 5T 45 R —
U, ENEEFF3E (Brassica juncea) 7E 2. 10, 50. 100
mmol/L Zn K3 15 KJFH3K (100 mmol/L 4B 11
R, A MBI Zn WREENE ST, R
BB EACHNY, R AT RS AE BIRAKE &N, W
WS R A S, T AR O, L A
PRI K, MAE Zn AR 702 40 s Semi n]
REDLSEHENY. Zn SR 4G, AAFdE— U,

3.3 33 KEBEH T FRIMFIRKEAM P EEF
i=hY

A (8]

BEE PR 5 R AE 600 pmol/L Zn A1 100 umol/L Cd
TR R BRI R PR A, TR R Zn T Cd R
FET iy, AREE 7 ~ 28 RIG AL, AbPE 28 ~ 56 KM
A% (Zn AP R EIG IO o SRR W] B2 Zn Ab
P28 RJgHimtrh Zn G sy v, By LUS Zn
PRI, DL TR JE A (R 220 (56 KE).
X505 e e PO AL, 4 10 pmol/L Zn
MHER, TR Zn IGIRBERAR CERmAEY) I 5 &
KF® Zn (FKREAN 5 umol/L), FEH S RHiHH Zn
WS (7 ~28 KD JGFEK (28 ~56 KD, JEKnf
RE T T 03 A4 A o Al R A 1T 5 SRR T B8 s
e Zn YRR ARG AL BRI ) (9 KL P3R4, TR
JEH R Zn WREIRMK, mEREIEEIGSYE, Zn G
BEN TS 76 1 p-mol/L Cd ALFE R, B Al a2
e Cd YK TR GG, i DR R R T R s
Cd B KT i A, W Cd R A AT
i

4 NG

FH ARG 25 2F N AR S8 Cd R B & Tk
Rt 17 Zn T2 R R

MEBRFMN, BEIE 4 T, K75 REE
458 b Zn USRI >t sy R B e bk R
H<Brnhs BERIH 6 F=mF, ARV YRS g LI
B30 G > o Cd B D) PR ARGy G 48 b ooty
et Cd R BER TR, SR AL B B > R
o

KEFREG N, fEALHE 56 KN, ARfTAEE R Zn.
Cd YR S35 & > B 5 RS v T R A
FEE ot A A B R 15 DR T vy B AR BRI ) R S, 3

R Zn Cd IREER R
5% i
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Characters of Zn and Cd Accumulation and Distribution

in Leaves of Sedum plumbizincicola at Different Ages

LI Si-liangl'z, LI Naz, XU Li-sheng3, TAN Wei-naz, ZHOU Shou-biaol, wuU Long-huaz, LUO Yong-ming2

(1 Key Laboratory of Biological Resources Conservation and Utilization of Anhui Province, College of Life Science, Anhui Normal University, Wuhu, Anhui
241000, China; 2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,

China; -3 Department of Chemistry and Life Science, Suzhou College in Anhui Province, Suzhou, Anhui 234000, China)

Abstract:  Field plot experiment, pot trial and hydroponics culture were conducted to study the accumulation and distribution characters of Zn

and Cd in the leaves of Sedum plumbizincicola at different ages. The results showed that young leaves had higher Cd concentrations than mature one
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when grew at field plot, but the situation was opposite for Zn. Glass house pot experiment results showed that for fourth extraction season, Zn
concentrations appeared to be higher in mature leaves than young ones when Sedum plumbizincicola grew at low Zn and Cd contaminations soil (S1),
Zn concentrations in young leaves were higher than in mature one when plants grew at high Zn and Cd contamination soil (S4). For the sixth
extraction season, Zn concentrations in mature leaves were significantly higher than in young ones at both SI1 and S4. For both seasons, Cd
concentrations in young leaves were significantly higher than in mature ones, except for the sixth extraction season of S1. Under hydroponics culture
condition, Zn and Cd concentrations in young leaves were all higher than in mature ones. Cd and Zn concentrations in both mature and young leaves
increased with incubation time, peaked at day 56 d, in mature and young leaves the highest concentrations of Zn were 43 107 and 33 774 mg/kg (DW)
(600 p-mol/L Zn) while and the highest concentrations of Cd were 15057 and 9 060 mg/kg (DW), respectively. These results showed that accumu-
lation and distribution characters of Zn and Cd in young and mature leaves were related to Zn or Cd concentrations in growth medium, especially to
soil available Zn or Cd concentrations, treated time of heavy metals, plant growth stage. Sedum plumbizincicola has preferential allocation habit of Zn
and Cd into shoots, especially into young leaves.

Key words:  Sedum plumbizincicola, Leaf age, Zinc, Cadmium



