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Heavy metal accumulation and caloric value characteristics in two populations of

Potentilla griffithii var. velutina
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Abstract; Concentrations of heavy metals and caloric values as well as their correlation relationship in two populations of Zn
hyperaccumulator Potentilla griffithii var. velutina grown in two different sites, Beichang and Paomaping which located in
Jinding Pb/Zn mining area, Yunnan Province, were analyzed. The results showed that in Beichang population, Zn
concentration (mg kg ' of dry weight) reached 6217.05 in leaves, 7679.86 in leafstalks and 4455. 44 in roots and it was
3.2, 2.4 and 2.2 times of Paomaping population, respectively; Similarly, Cd concentration in Beichang population was
170.17, 242.51 and 244.45 mg kg ™' in leaves, leafstalks and roots, respectively, which was 3.0, 2.2 and 1.9 folds as
much as those in Paomaping population, respectively. However, Pb concentration ( mg kg™, DW) in Paomaping
population which got 1042. 49 in leaves, 829. 27 in leafstalks and 2621. 39 in roots were a little higher than those in
Beichang population. Data showed that the concentration of Zn, Pb and Cd in both Beichang and Paomaping population was
related to the concentration of heavy metals in soil. There was no significant difference in capacity of heavy metal
translocation and bioaccumulation between these two populations. Both of them showed the same heavy metals translocation
capacities which followed by the order of Zn > Cd > Pb. These two populations had no significant difference in ash content
and ash-free caloric values in plant tissues. Ash content in roots accounted for smallest part in whole plant, which was less

than 6% . Whereas leaves showed the highest caloric values in whole plant, which ash-free caloric value was up to 19.03
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and 19.57 kJ g~ 'in Beichang and Paomaping population, respectively. In addition, energy storage of P. griffithii var.

velutina was facilitated by iron and manganese.

Key Words: Potentilla griffithii var. velutina ;population ;caloric value ;heavy metals

AREAFT ILERESEG R EME, E24KER -7 LS ESREJ 3% ERARRAKR
it & EHE R EE LB BARRY . Zn/Cd B E LMY Thlaspi caerulescens Arabidopsis halleri F1 75 5+
K (Sedum alfredii) ()R FIMEE AR R E 4R W E M EEOWAEREERY . RAMBEMESR BRI 2E
SN EUBFST , T AZEAE BRI K F B A & R B4R VLR IR R A MMER AR, AR
I T Zn B E SRV KRB EEIK (Potentilla griffithii var. velutina) {30 FIZRE LT BeFh BB 4R Zn
FRAET T AR B S PR BB A B 4R Zn SME R HL S0 ABE Pb N Cd 45 PEHAT 0T, [RIE , BB
AP RARBL I — N RAEAR , & R FR 8 B XA A K B S0, T LA EAE 28 1k b s et ok 10 3
HAEYAF28E BVES B IR TR BB TR 48 /R AR R Y 6 0 5 A0 2538 B AL i slog 2 s B E S
Xof L SEAE Y M RE S S B SR AR R RIE AR WARIE

AU AERTEARRIRE 7 N B E R R BRRSRMBEAT XS R, PR HXT Zn Pb Cd B FAE
FHERZ, RN ES B S B SPMEZ MR R, A REN A B RErNEE S EYEEELRN
M3, K EEZRFREREEL R Y T EMEEEEFF R ISR
1 HREH=E
1.1 BPSNRAESRAE

ST O T TR A RN 22, b 38 A7 B Wy 98°58'—99°38E 26°00'—27°05'N ) %75 i 42
Bl b)) BRSPS S IR 7 A B AR, o de )T AR SR E, T S PR AR N &,
PIEAHEE 3 km 245, 2005 4F 9 A 43 HI7EdL) MBS EF P BOR AR K R B Z B SEMEMR B HARFR 0—20 cm
BRI L3RR 16 >, PR SEH BRKIEGE, A LB F/KR B 3 K, ARG B R AR
S8 3 AERALL BT . TIERE RS R BRA R KA YR RERY), BART G, i 100 B R i H .

1.2 EEESENE

YIRS >R A HNO,-HCIO JR M A, TR R AR MVE A A FKES . HMWESR S
& HITACHI( Z-5000) J& ¥ 43 6ot BETHIUE o
1.3 ENE

T EHME (gross caloric value, GCV) (IUE : RIS E Parr {UAF A FIAE 1Y 1281 BUEBBE N E . H
TFHYFEMMERAR, BERKFEZRRIL) MR DIERE AR T 5 B 4 B R T HEFK
orE BRI, BIFRE 1. 00 g 2 MK R BRI AT MBS, HER PUERZ R, B FEmER 2
K, PRIEFEMRBPERIRE M PVE TR R IR 22 7E £200] MVE RN, S EHAREE I E , B2 OF3ME. 8k E iy
FRAER T A5 25 B R VB ASGHATHr 2 , T E PR s TRARIRAE 20C A2 . IR & BT IRAEFHATIE :
A FREL JE TE AR 550°C K AL Sh, 7158 K 4 & &5 FF il DU A R B A £ K 73 #41E (ash-free caloric
value, AFCV) : ERAMHME(KI-g™") = FERE/ (1 - KAEE) .

1.4 BdEab

B4 K I SPSS H 4 H1 i) Duncan’ s Fi 1% 2215 (SSR) #E47 J7 2 0 AT AIAE P =0. 05 7KF-Bf 1) 22 7 3 1
H6r58) 5 AHSCHE 2R Pearson A REL, I HIXURE ( Two-tailed ) #4T BZEHER
2 BRE5SW
2.1 KEBZEBEFRAFMER Zn Pb.Cd F)E LR

B 1 AR, KEBERREFALN Zn. Cd FBEZSIILT F#ER T S IR, o du) st
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A JMARFIAR R Zn 15 B 45135 3] 6217. 05.7679. 86 mg-kg ™' Fil 4455. 44 mg-kg ™', 43 HI 2 i I PR AR
3.2.2.4 /51 2. 2 % [EIAEAL T A EEM M AR FIAR B Cd &84 51k 170. 17.242. 51 mg-kg‘1 1 244. 45
mg-kg ', AR ML IPAEER) 3.0 2. 2 5 1.9 £, XT Pb T , ML PR BEA SOOI & B T0) FhRE, BT
F g HARAIAR A9 Pb A B 415K 5 1042. 49,829, 27 mg-kg ™' Al 2621. 39 mg-kg ', A Gl FEEA
1.2.1.0 f%H0 1.2 £, b FEL DIPERBESFAII Zn P I Cd S B ESFIESIMP R ELB S RINER
¥ NFE L ATH, L P Zn Fl Cd & B4 B2 M D3P 2. 6 51 2.5 £, 405 % 3 33143. 41
mg-kg ' F1312.52 mg-kg ™', T H THEE L IEP ) P S B RAL T H 1.5 4%, Hi ik 18895. 58 mg kg ' 5B+
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Fig. 1 Zinc, lead and cadmium concentration of different parts in two P. griffithii var. velutina populations

B rh AR R n A B 25 (P <0.05) 5T IH

Rl AR 1 AT, KRBZRR A RN R —FEeBREEME RN TREER . HXW/ R
X E &R IE AR E R Zn > Cd > Pb MR R, KA Zn WEZ REHEAT 1, ULHIAEYIXT Zn HHIRHM
MRER I EAFLIZEE T, MEMNNESRKEEEIANEIN Cd>2Zn>Pb KR,

®1 KEEZRFREMEHMN Zn.Pb 71 Cd HERERBMENERAK

Table 1 Translocation and bioaccumulation factor in different P. griffithii var. velutina populations

R L T4 )8 &8 Heavy metal concentration/( mg-kg™') Z B Factor

Population ]jnzzly # 3 Shoot L Root + 4 Soil S/R BF
=7 Zn 5410.77 +3550.29a 4455.44 £1924.41a 33143.41 £12776.30a 1.19 £0.34a 0.17 +0.10b
Beichang Pb 825.09 +291.08c 2119.89 +719.08b 12940. 60 +5830.65¢ 0.41 +0.14d 0.07 +0.03b
Cd 206.31 +192. 86d 244.45 £218.73¢ 312.52 £327.21d 0.84 +0.15bc 0.77 +0.38a
i h Zn 1873.08 +945.36b 2012.23 +1005.73b 12745.73 £11175.73¢ 1.04 £0.49ab 0.23 +0.19b
Paomaping Pb 931.77 £555.07¢c 2621.40 +989.76b 18895. 58 +7752.55b 0.38 +0.21d 0.05 +0.03b
Cd 82.55 +72.53d 126.31 £105.01c 124.69 +105.96d 0.65 +0.18¢ 0.94 +0.88a

PR FHE + a2 (n =16) , FFEERPRARFRERIA BEEF(P<0.05) ; ¥#BRE(S/R) = MY B3-SI R &=
WA Ay SR R L (BF) = kit 1S R R &t

2.2 KEEZFBEFRAFMERGERRHME

H 2 B0, BN IR P R A S BB A BEER . WS IRAL K& B2 A
> AR > R R, H b MBS IEREE I 5K & B 51631 9. 12% Fiik 3] 8. 81% , T EATTAR H i K
oy B AR B EAR T A AR, # N T 6% 6

BRi B T ERVESN, FAFP R RSO TEMMEM R K PERA BE 27, X ULBdt) M 5
BT RE R AR RE I A BE AR . H FERE MR IK 5 HAEA BT 16.08—17.85k] - g ' F1 17. 45—
19.57 kJ-g ™' Z 8], BANFREEFERLAM B O PVE R, B B & W T H B AL 10 25 K 4 A E AR DUR 38K
XU KRB R RMR L W RS A b, AR FE R,
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Fig. 2 Ash content, gross caloric value and ash-free caloric value of all parts in two P. griffithii var. velutina populations

2.3 HYRESESREITRZERARES T

NTEEDPVMESHESR TENRR N ENZ EFAERERET M. W3R 2 s W T, £
IRy PG5 T PVE Z [E R B B2 IEAH SR 3 BALT MR 2K 0 PE S K> & B2 AW 2% B2
IEAHR . ESEERHERES , AR TEREME K RIEH S Fe Mg Mn 1 K 2IEAX, KA
AR PVERR-S Fe A1 Mn IAF 8 3 5t 828 7K TP AP A T BVEA 25K 7 PE#R S5 Ca Pb Cd 7l
Cu #REBGA, Hrh B PFAP R TEMERE K PE A 5 Ca 1 Cd AFNBEKF. BMLER EAR
LY, —E B Fe Mg Mn Fl K XHKEBRBRNPEARRIEEM

®2 KEEBZEFIE MBDEHENAESSRTRSEHEXE

Table 2 Correlation coefficients between caloric values and metal concentration in two P. griffithii var. velutina populations

F ¥ Population GCV AFCV Zn Pb Cd Cu Fe Mg Mn K Ca
Eldm AC 0.458 0.770** 0.225 -0.472 -0.224 -0.298 0.765** 0.440 0.668** 0.764** 0.282
Beichang GCV 0.920** 0.407 -0.272 -0.432 -0.226 0.700** 0.410 0.625* 0.259 -0.370
AFCV 0.399  -0.399 -0.402 -0.277 0.847** 0.491 0.751** 0.520* -0.152
Y ST AC 0.266 0.528 -0.272  -0.876** -0.489 -0.369 0.472 0.594 0.581 0.912** 0.185
Paomaping GCV 0.959** -0.131 -0.293 -0.581 -0.241 0.692** 0.405 0.661* 0.059 -0.607 *
AFCV -0.199  -0.515 -0.657* -0.321 0.747** 0.532 0.753** 0.320 -0.481

AC.GCV F1 AFCV 43 BN IKAY &5 i T EIENZ KA A 5 * A+ + 53 5IR7R7E 0.05 F1 0. 01 K BAHSCH B3 Jb) n=15, M5
n=12

3 itig

[F AR B TR 1 FAE R FEAR R AR AR T e AR @ R AR b A 1 AR 3 AR AL FNIB fR R T
RAET AR, T B T AN R B AR B sl AR 28 B s IR0 i 22 S K, 1B 43 ) 8, R PR 22 2 40T sk
MR . FRIESRBEEMYNARFBGREMENSE . B Baker £ RH T. caerulescens {5 4>
% B R BEXT Zn,Cd Co Mn I Ni MY AT B4 B B 25 5, {2 Lombi 2% 31 & BLIZAE M 4 ANFHEEXT Cd
WEERNAEREESR, HPEEBEHMN 2 MFEEX Cd M5 687 b LL R B 19 Prayon F B F13E H 1
Whitesike FHEEH 3% , 3 H. Whitesike FPEEXT Cd [T UK HE /7 KT Prayon FFEES o [FRE, Zn/Cd 4B B EMHY) A.
halleri AN [FIFEEXT Zn EIARIGEERES , WX Cd HEERHIER KNZRY . KEREAFMEGES
JBEIR A R BB A AR BARARBRKEKTE Zn Cd Al Pb S BAHHE A Pb/Zn 5 1, BH 4 FPEER)
Zn .Cd i Pb HRBABEER , BEEHEY KA R ELSBRIK K2R AES 50 Fn pH AL
RABSREFXS MATHSSBEESREANLERRANEYRARBE L ELBEEMNEAEOHE
k2 RFBRBEFNIL MBI Zn Pb Ml Cd WEEFELER, XM ERS LB NELR
& BN, R L EPES B S ENAFR N RESBRKEEZRXAAMFHEKESBSEZEERD
FH ., 2ETKFEZRENZIH MM EEESBNEZRETRELE A FE, AT —HIE%,

K RFR YT YR AP B, K& ENRIEAESHEY R TREMA KK H#&0
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A%, MRS & BEIRAIE A EY EETEOER"" . KEBEBEERNIT D SR A A K
SERBEABEER XRWANENT Y TRAMY S BEABELER, RN, KEBRREMIK KT &
B ERT L EERA I 5 AR, X AR BRI T ) B A A0 B R ) o T B ik B b, AR AR
BERD, LB A ESBENNYT YRR MR F , REHENESESFY RO, XAt HE
ME LR IENRA

HYIE Y TV R T 2R TR R EE R, ERBEMRE, vTURHREZNMEMAENEIE
FATE AR ok oK PR BB T BUAL 2 BB O R0 ; IR B PL SR 4 T 400 o 22 BF B S A A X B SR B R (L HL 2 K P
BE) FIAIFIIEAL o DRSS M 41 GBS b O B B T SUAE T PAVMEL BB S R 40 v 45 4 T B R AR Ak A
YRR 2R . FER R BZEFIAFEEN T EREM IR BVE A, ERRA A 8, T AR AIAR
HBAR, KR BRZRRAFSEERRER AR LR, XMERESMIER S KBRS RH
22 HR R S A Y G AR 45 A B AR AR F R TR O - I A A A A BT S TR RO AR,
AR Z MR RIS INE QRIS 5T, 715N B Bk 686 B REA WY , B0 I HVE — R0 s AR
AR YR SRz ke B , A BIE EBR, BB Z &8 RYEAXS LB BRI IR A R AR R,
Mo A AR 2, RSB R MK R BB HON BSNS54 A Ak, Hom b R AR AR BT, TR R
i st 1) A B A , FEAR SR HAVIE BT BB ) = ( Trifolium repens) FIRR HPFN AR BK & ( Casuarina equisetifolia)) N\ Tk
AR B A — R BEAE I O TG N 2 9 B — Ml R & A, TERER S KR ERE
SEHIARIR K 73 & BAE TR AL R B R, HRAER 23 R . ENERERRE R LK 0 HUER T
EERR R FRAR X T BER R ERAE AR ERCA T LR E S BN EE  SH A S MR &k AR E
VA5, FBORHAERL ™ . KFEBZBEAR ARG AT R RIS N E 4R 15 YR B 1 U o

KEBZBEFA Ml DA AT T ERES HIAF) 17.29 kI-g ' #117.85 kI-g ' &b TRUB Y
AEREFER EMEBREK(P. acaulis) BRI (P. flagellaris) IR (P. filipendula) \ —FFEHR
(P. bifurca) M HBEIE(P. tanacetifolia) FESH ZBEIE (P. virticillaris) fH B FH 365 T 8 a2 |
Hotth b ERHE th R T A AETTRR 10 Fh s B AP E T AR L2 S B ) S B (16. 18kT - g ) P SR BFSE
FHR M Fr BB B A 038 7 180 A FO IR AR Bl ) AR B P K R BB K
MR PE ] BB R IE N SR (JUHUE Zn) BEMTE . XFEYIN FR5E B0 REIRGE Bt [ B e 323038 N A5
HIRE ST, AR B B RE R YR M —FhAMEfE R S P

RIEHERZZHE RN, BEMERGEAEARGR™ . HPRESE ALY KL E B
Ko B BIER R N ERERR S 2 R AEE ZED6R | B R 30 & & ik
B ZE AN ER TR T KEBRERNIL) MDA AVEREA A BEER, XA
WEBHRRY S RIBELERE R, B G SPER X OBERNENDEDRR>SED VLA
5%, WPEBIX BB AT REA K. AR BRI A KB IER TR 10 9 A I T E
fH5 Na Mg .Cl EEEMBENHMR .5 Ca FREBF MR, HRKREBZERWMMHHNIESEY
JELFEICER Cd Pb FIFEMERRITR Cu K Ca BHAHR, Hrbh ML FFANEE M T EHUE M K K53 E S 5] 5 Ca
M Cd 2 BEFAHR; M SHEYAEKIFERITER Fe . K Mg 1 Mn 2 EAHE, b5 Fe il Mn MAHR A B
FKFo ZRHERKFIFTFITR Fe fl Mn MR EBZR KM EER RBERAEN, AT XWH TR KEE
R K PERIAE FIE R R R 75— 5T
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