+ 1% (Soils), 2011, 43 (3): 476~480

PR EMENE S BN S R 5

HIER 12

(O ZRUTER 2 R d B 22 e

BssiR v, REpt2, BEH2,

BEEB?2, FKH2

HEEY BRI LA LB SRR, L BIOEH] 2410005

2 PR R ST Y EE A (MACEIEITAD, Bat 210008)

m =

A 2B A F K B B AT 26 T B AR I 5k, WL T IR R SAE AN R L P /K B 464 N Cu Zn,

Pb. Cd S AV5 R LA FINES B RS, S5RR, KB LM A LIRIRIE RN, SIREH S EK R, B
IR Pb A0 NI IURIERIE /N e, RS AR SRR, (BRI AR AL T, RIALE KRGS N IR B RS Pb A )
SRR s R i 3 600 umol/L Pb A N Hb [ 3AHE h Pb Wk BEIA B I KA, 434 947 mg/kg A1 71 053 mg/kg. R =+
WM, WIREEIEAEINN Cuy Zn, Pb A1 Cd 205124 200 1 000, 1 000 A1 5 mg/kg 358 FRERE A K32 S04,
7 Cus Zn. Pb M1 CA WRJE 513K F] 741 + 164, 18248 £2 222, 1543 +£483 F129.4 + 5.2 mg/kg: AMINTE 4 & 5 I ) S S50k
BB WIRZEREEX Po MO Cuy Zn. Pb. Cd RATG YT HERATHRIMININZ 0, I/ EE BT HA Po 5 R B R

iEL7/B
KR WIREEE; EEE; AR Wl
FESES: X53

g TR A e, 2R DAk amas. Wik,
KAV S5 PR KR 4 P 7o) Al R e N L3, Bff
i E A R ok T HY (Ph) RIAEER
B ESEE Y, XY R R S B TR
Z—. T3 Pb V5 AE SRR A B ) R A
H, Bl &4 1) Po 5k B il G i s A0 e A
kR, 52T E AR, R
DUBE B T K BEE A i R I Cuy Zn Pb. Cd %%
ZMESEE AR, MR eEy, il e
WIBEREANNAR, AEN NG b, 25 AR R
BAERE SO Rk, AR M -3 SR TG s R
KGN G

] K Z % 3% ( Potentilla supina ) & 3 % &
(Rosaceae) ZFZ=¢)@ (PotentillaL.), —4E/4zmk 4F
AR . R E S YA C, H RN S Y,
ARIEZGH, VAt JRI MR, L, ZUR
M FARESE S, A Tl . mid.
K JE R A5, ) A A (R B AR . BAOR 2R
SEIIRFIE Z S T2 A P B 5 0y DA S
MR A AU e OV T o AR R R T X
HREAKHER IR RS, I RE IE % T e 4 5E

AR %50, RUIILEAIR M KA ) MpTisirE,
JEIE E A R B BRI . Bk, A SCRE A
[FJAJE Po AL B KBS MIA R EE Cuy Zn, Pb. Cd
AR PIREAARE, TR TR E S 8
PR, BUN Cus Zn. Pb. Cd E &Vt 4
MR FHFIAE A E AR A M E A ARL, N RAR
ZE S B IR AR TSR AL S 2 4

1 #RATE

1.1 RBe s

PR R Z2 M SR H 2 A8 4 e Tl — 4 2 2,
Pk AR pdt . KA R, R R A
FEREARE, JEVEARTE, T4 Hoagland & F7¥ 1 Flks 3%,
HHATIENAE AR K AR 3R B WA U 1T RBIX
BRI R Ays gk i, o 2 mm R, . HL
AT pH 7.98, AHL C21.3 gikg, 4
HN. Py K 20500 2,01, 0.59 fi120.2 g/kg, 41 Cu.
Zn. Pb F1 Cd 4375 K 142 280, 77.0 Al 0.66 mg/kg.
1.2 Rt 53Xk

IKEFRIE T 2009 42 4 H 9 HAEF ERMABE B 1
BRI R K E TR, IR 12 R, K#—

ORETH : b ERRE AR EE TR RS M H (KSCX2-YW-G-053) FlE K AR BRI H (2006AA10Z406) %),
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B MRRRIEMEIRZ LYW EAT P AF KK R
5o IR 1.8 L WEMAE%E 1.6 L M TR, YR
TSI R, DR AR R BARA KA, HIFTH LI
(R ERRHAE A a5 Bk, R R A 40 I #% Ak 22 2 k)
BRI AL R AT /KRS, R 451E E . Pb R4y
Hr4l Pb(NO5),, iR56 % 0. 300 600 900 1200 2 400
13 600 umol/L 7 MKFERESE, RRACEE 4 IR, [
6 Fkii. MBi Pb. P [RINAELERT HLDTIE, SRR —
R —EFEW, BI—R& Py A% Pb, — K7 Pb.

AP ARSI k. MYEKE &M WA
25°C OGED 20 'C CGEEE, FHXNREEE 65% ~ 70%,

YGRS TE] 14 h, Y658 1.5 x 10* Lux. 7F Pb AbFE 30 K
JEBOGREES, 4y AR EERRR B2y, M BT 2
TKBEH, WM akAKyt, BH 20 mmol/L
Na,EDTA A& ##t 20 min, DA 242 22 F 1000 B 1) 4 e
R £ B F/KVEE, 105°C4TF 30 min, RJE4E 80
CRMET, RSk F AR, ANBAR L
Wi, #H-.

TR AR T 2000 4E 4 H 10 HE 5 H 26 HAE
s HIEFR R E 4T, Cus Zn. Pb. Cd 439K
FHAEIR £ LA O S 0, e R R e P S
AP IRIAIRE 3 R INse. eI 4 Mh#EE (& D,
REALBE 5 RESE, BEAE 4 BRYE . W03 45 R)E, Wk
Ay, VR MRS MR, R

F1 TERKREEERNE (mgke)

Table 1 Treatments of pot experiment

Qb FE Cu Zn Pb Cd
PO 0 0 0 0
HM-1 200 1000 1000 5
HM-2 400 2000 2000 10
HM-3 600 3000 3000 15

REAIAE it H 4 J VR 2R Tl HNO; - HC10, VR (3
2) Wk, KA (Varian 220FS) &%,
S HTRERE AT AR A gt St B F K Sy Btk .
B RN E S ARES L i (GSV-2), &
S5 RAT O BRI HIEK . P e 2dE ) SPSS13.0 K
PEREAT 7 2508 CANOVA) Fil LSD K4 .

2 GHR5HH
2.1 KIESHETRREMRENEREN Po REH

Tk
2,11 JKEHAS N ED s EIFIARAE R
1 AP UL, AN P (0] AL P LA i e K, H.
Ho EARA) R BE Pb AL BRI FEAS, 3 600

pmol/L Pb AFR I AR FRIKT 21.9%. 5 223 BT 7
FAC R R g E T E Y B E TR (p
<0.05). WIRZZW A EAMBEE Po ALFHMR L 3G K
ML, ANt Pb (FIX AR R B R R, &
1 Pb A HR B OR 22 8 SR L R T IR (p<<0.05),
%0 Pb Ab3 2 AR ARG W 2R (B 1. 300
pmol/L Pb AL AR 2 A4 &k ) AL PR Y 68.8%; 600 ~
2 400 umol/L Pb Ab¥E, ILHL AW & 43 Jil k% )
53.4%- 53.4%. 54.3% AH155.3%; 7£ 3 600 umol/L Pb
AP IS B ME, AU IR 52.1%.

Ot b3
[=EiRY

Pb & (mg/kg)

0 300 600 900 1200 2400 3600

Pb 403 (umol/L)

1 KEESHT Po AFR X ik EARFNAR T E R

Fig. 1 Effects of Pb on shoot and root biomass at hydroponics experiment

2.1.2 JKIGAER Pb AbEEXRARZER Sk A
W Po WL B Pb ALEIKSE T 5,
BHORZ2 W b b3 P ¥ B2 312 T i, 3 600 pmol/L
AbFE Rk B B KAl 947 mg/kg, J XTI 47.5 £ (&
2); 7£ 300 ~2 400 umol/L 5 AMALEE R, HEMHh 13
£ Pb W29 185, 281, 213, 239 Fil 218 mg/kg,
XTI 9314 14.1. 10.7. 12.0 F110.9 f5. Jr %4>
HTHH, 3 600 wmol/L AbFEZH 55 Hofth 55 AbFR4H 2 [R] 34
HH AN (p<<0.01), HARKAFA 2 7L
e

900007 — © — ff 74000
o 75000 —A— ML I =
) e 713000 -
g 60000 e o
. 1 :
Ed s 12000 <
iég 45000 L - Z
£ 30000 / K
= # {11000 5
= 15000 N
G

0 0

0 1000 2000 3000 4000

Pb 403 (pmol/L)

2 EARZEREIH EERFRT Po IRETL

Fig.2 Pb concentrations in shoot and root
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M 2 W74, B Pb BRI TR, SRR
AR Pb W BEE W, IEAE 3 600 pmol/L Pb AbFHE
BB RAE 71 053 mg/kg, XA 48.0 55 4 300 ~
2400 pmol/L 5> Pb Ab 3 rr, 5 Pb W43l ok 9 417
9518, 18839, 35921, 47 194 mg/kg, XM 63.6.
64.3. 127, 243 F1319 £, J7 2z M, AbER4 300,
600 umol/L 54LFH4H 1 200, 2 400 F13 600 umol/L 2.
(B4 W 2% 25 5% (p<<0.01); 900 wmol/L Pb AbFERR L
300 umol/L i1 600 umol/L Pb KbFE 2 [A1¥cAT 255741, 5
AR A PRI LA 2 25 577 (p<<0.01)5 1200 pmol/L
ALFEF 2 400 pmol/L Pb AbFE 2 [R]$H K ZEi AR 1 Pb i
JETE 0 22 5, AHIX AN A B T A 5 A RIS A A 2 2
ZEégt (p<0.01); Pb f kL (3 600 pmol/L) X}
FIHABA Pb A2 WA MR 2257 (p<0.01).
2.2 THEIRZHGTHARERFEVERESRE

REMREET
2.2.1  BREARSA M EE AR E AR
A 3 AN, IR R S b R AR A et
TR T X AH BT RS, JER & AIRtA
Ao TR FSE T B N b b EE W T, HAE R e
G JE AR BRI 1 A a6 BRI 61.9% 0 5 2250 HT
W], OB RZER M F T E Y BT
S (p<0.05); 4bFE HM-1 5 HM-3 2 i) 225 3%
(p<<0.05); 4bFE HM-2 5 HM-3 Z [if5 B 25 (p
<0.05); AbFE HM-1 5 HM-2 2 [ 83 % 5.

8,
L
26 |
‘\b’bs
E
= 4
H
o3 oL
‘_1
2t
1,
0
X HM-1 HM-2 HM-3
Qb

B3 BHFHTEERLENEYEHHM
Fig. 3 Effects of heavy metal mixed pollution on plant biomass

at pot experiment

2.2.2  LEREORSAF FRIRE L EH B E S
WA BEESEAERERR R, HRE
o S b T TR B W e (3R 2) . WK R
S B Cus Zn. Pb. Cd ¥R #RAE e e AL FE R ik
Bl KAH, 43 0 51,7, 133, 182 1 10.2
o WK Z3 R et 1 T 4 (1 MR A N B A B 4
JeB A BRI S R BE I v, (R AR B R, R
X Cu. Zn. Cd WSS 53 1) A%t BRI 33,9854
6.37 fif o I i< FE AL BRIN B OR Z2 e St b3 o 43 )i
PRI S A AR B AL 38 22 R B (p<
0.05).

R2 IRFHTHXRERRM ERESRIIREMRKE

Table 2 Heavy metal concentrations and uptake amounts by Potentilla supine shoots at pot experiment

HA 3 1T e SRR (mg/4E)

bR LR K (mg/kg)

Cu Zn Pb Cd Cu Zn Pb Cd
pugit 23.0+3.0c 230+ 18 ¢ ND 410+£020¢c  0.15£0.02¢  1.54+0.10¢ ND 0.03 +£0.00 ¢
HM-1 357+ 119 be 11791 +2490b 1023+342b 146+3.0c 1.02+031bc 33.66+6.51bc 298+0.95b  0.04+0.01c
HM-2 741 £ 164 b 18248 +2222b 1543+483b 294+52b 235+044b 5932+822b 5.13+£1.60b 0.09+0.02b
HM-3 1187+211a 30501 +3102a 6541+1108a 42.1+36a 519+1.20a 131.47+24.0a 274+6.0a 0.18+0.03 a

TE: ND FZRARH ;W51 A R RS A R A EEAE p<0.05 /K1 L2553

TR AR P E S BRI E SR
WIEME A E LR (BCP) Wk 3 PR, k&
XML ERAN, HM-1. HM-2. HM-3 4:FE Cu (1) BCF i
BRT 1 BxdiEst, HM-1. HM-2. HM-3 43 Zn
f) BCF {iik 9.21. 8.00. 9.30 X #i: Pb ] BCF {1}
FEdR EIR AL TR HM-3 IR T 1, ik %) 2.13; Cd MIE
X I BCF Ul 1, 15 6.24, HAACFE BCF 1l
BIRT 1o W WEIRZERAE Cuy Zn, Pb. Cd &
V53 I E A R B AR s A ).

®3 IHREGTHRERRHNESREERAY
Table 3 Heavy metal bio-concentration factor of Potentilla supine

at pot experiment

Qb EE Cu Zn Pb cd
oyt 0.16 0.82 - 6.24
HM-1 1.04 9.21 0.95 2.57
HM-2 1.37 8.00 0.74 2.76
HM-3 1.60 9.30 2.13 2.69
e =7 FoRRU
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3 it TERCEEAL I HM-3 460F FIABIRA . RO E SR

KEFREG, BARZEHAE 0 ~ 3600 umol/L Pb
AFE R AR K R, {HBE Pb AFIIR I T, HEK
ZAW, RIAMEMBR O N kb, b B
R, WRARARR, UL SR T P B R
KSR THEMESE. HArx =S mER Sy
558 =% Baker 1 Brooks T 1983 4FEPUR H 11
FrifE, XF5- Pb, Hb EFEEHECT 1000 mg/kg, B™
R IIAR AR 2SR e RBONT 1, B 3 S AR
WIEZ LR 1P, A7 2548 R R A 434 B[]
I ELAT I PEREAE R 5 55 R ACRRIE o I R 23 B S A
AR SE ) Po e, M b3R5 25 R Rl A AL FIR 5
(Y18 T 7 28 T AR, T AN S AR — AN BRIk P R IR B
NAE, HACFRREE R, M N, ki,
M EFB 4y Pb & AR B s 3 600 pmol/L Ab R IA F|
B KAE 947 mg/kg, AiEF| Pb HFL EAEHM 1) FLE brife,
IMAELEIRBE P AR Pb K% Chmiik 71 053 mg/kg, {HA%
18 REE /N T 1, RIBHR R B EA T G AR R hx
e, JE—Fh Pb i PR FIAL A . (H R SER AR T
HHGEAFR S, AL TS, H N
THEE TR, B s, A& b B4 2 (AR
FREET, U SRR P YT 7R AR A ) R
Wi, [ R ZR SR AR SR AR L, R R Pb ik
JEBHA S IR P ACFEIR (1 T =i G n, 76 f sk
& 3 600 umol/L Ab PRI IAF|f5 K{E 71 053 mg/kg, H.
TE B R N AR A A0S, BEIRIR ZEBE S0 P
HA R WIRZ L — R B, Stoltz
2PN Oy, ARG X R A ) G ) TR
R, HHE TR TR S e E
VB OB BRAR I R 7 A 3 A F I S 2 — 1), R
5T 45 RSCRP I Ao BHORZR B SE v 1 Po v e 145
WA ERY), WY CRARIRD nksE
MY Z RN, ] 5 AR AR S A A (R VR
PUIK B4 208 52 1358 P v 41 H o DR, A KR s
AP R R B S TR b 148 Po v5 e mifs
=RiL/R

AN Cus Zn. Pb. CAd HHTHEATGHAHE, |85
ARG TR BB R A KA B AP AE AR R R
(AN, XA B A e d s, HM-1 AR FE T 410
it Ko BRATHRAL, WIRZE R I AR ) e A b Rk
FEMTHE BN . 48 Cus Zn. Pb. Cd HAETGHT,
WG A BRI 5 (V1 0, AR 4 e ok R RS

(ot B AR EE, WIRZRBEC AR T I BRIk B T
Fopb iy . EHARREIREN], WIRZE ST+
BhESENEERBARZEL 1, FERAARIL
WA, i B S SRS IR E R
R, IR BRSAEE BV AT FXE Zn
Cd MERAE o, EHRAMER, X Cu. Zn,
Cd s EEis R LIRIED B Z RO T D
PRI KIS W, SIRZR N P HAT A it
PER—E M E AT, T AR AN Cu.
Zn, CAIRIERm, WIRANH THEWEK, SR H%
PER SR T R R AR, R R R ks
AIERAER, R-MAAGEGGRIRESH HNE
SR, FAATYERE R RE AT Rt — DT

4 INgE

BR LB AE KB ZAT R XS P HA AR 3 A i 1
AR (IO, 45 AR, BE W SR Pb; H.
HIRZEWEREAE Cuy Zn, Pb. Cd HAMLIG Y T4 b
R R, AT M S, X Zn, Cd U EATEL
RO PEARCE s[RI SR ZE R B By A,
Pk RARKIEENS, ZANEREE Pb {54
Cu. Zn. Pb. Cd B&vs e HIRIEMBEIL0E T
AR, WIRZR AR T L S Al AT AR MR P A
YA, R BFEER G B g LRI H K,
NI A RS OE TR WK & e
HEi R RIIE AT, Rl Zn. Cd B
73, AtpE— R I .
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Tolerance and Accumulation of Heavy Metals by Potentilla supine

HU Yan-ran "2, ZHOU Shou-biao !, WU Long-hua 2 TAN Wei-na?>, HUANG Yu-juan 2 LUO Yong-ming 2
(1 Anhui Provincial Key Laboratory of Biological Resources Conservation and Utilization, 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)

Abstract: Growth chamber hydroponics and glass house pot experiment were conducted to study the tolerance and uptake of Pb in
hydroponics condition and of Cu, Pb, Zn and Cd under mixed heavy metal contaminated conditions by Potentilla supina from a Cu mine area, the
results showed that Potentilla supina could grow normally with the increase of Pb concentration in hydroponics solution, toxic symptom such as slow
plant growth with yellow leaves and black roots at the treatment of high Pb concentration, but plant did not die, Potentilla supina had strong tolerance
to Pb at hydroponics culture. Pb concentrations reached to the maximum of 947 mg/kg and 71 053 mg/kg in shoot and root at the highest
concentration of solution Pb 3 600 mol/L. In pot experiment, plant grew well in the treatment of control, but grew slowly at the mixed metal pollution
soils, Cu, Zn, Pb and Cd in the shoot were 741 + 164, 18 248 + 2 222, 1 543 + 483 and 29.4 + 5.2 mg/kg respectively at the treatment of Cu 200
mg/kg, Zn 1 000 mg/kg, Pb 1 000 mg/kg and Cd 5 mg/kg, but plant died at the treatment with very high metal pollution level. These results showed
that Potentilla supina has strong tolerant to Pb and Cd, Zn, Cu co-contamination, and can be used to remediate heavy metal polluted soil.

Key words: Potentilla supine, Heavy metals, Biomass, Uptake



