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2 ) AR T 2 R R RN TR AL B [R] R X IR R | DR F 25 U 0 5 Ak 2R SR B 43 B
Pb Cd 7£ 2 e 55 b (37 240 430 A5 Be A7 AR BOAL SR A5, [ G5 RANZE 8 ] 2 Fivies Bt A% o A W e o < 3t 35 4%
T SRR T b B A BN ) S, Wi R A B 1 AW, L ATk ) e AR R I ) A — 5 2 52 o
B XA R RS R AR, 2 e B, b R R TS S S 0 B 2 0 A A R S A RT E AR A o, H R
20 R B R T TR 43, 53 T 2R/ ) 0 B S 0 8 PR G A A R RO A T 43 % ek A 22, A D R B 2 L 2
Ay T B AN T M o A AR 2. KAEE B b M 3B Ak 2 IE S & i K /NA Phyygy > Py >
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Pb & Cd absorption and accumulation characteristics, subcellular distribution
and chemical forms in two types of Hemerocallis plants

LI Hongting, DONG Ran
(College of Horticulture , Jilin Agricultural University ,Changchun 130118, China)

Abstract ; [ Objective ] To investigate the mechanism of lead and cadmium tolerance and detoxification of
Hemerocallis and to provide a theoretical basis for the phytoremediation in lead and cadmium contaminated
soils. [ Method] A pot soil experiment was designed to study the accumulation characteristics of two types
of Hemerocallis after different treatrnent time of Pb and Cd. The differential antrifugation and chemical re-
agent extraction technique was carried out to analyze the distribution and chemical form of Pb and Cd in
these plants. [ Result and conclusion] The absorption characteristics of two types of Hemerocallis were that
the contents of Pb and Cd in the underground part were more than those in the aboveground part. With the
treatment time increasing,a peak value emerged in both of plants in the process of absorption, but peak
times were different. The transfer coefficients of Pb and Cd both reduced. Most of Pb was found in the
vacuolus and cellular soluble parts, then in the cell wall and its residue and less Pb in the cell mem-
branes and organelles. The chemical form Pb distribution in Hemerocallis fulva was; Pby > Pby, > Pby
> Pb, >Pb,,,. > Pb, ,while Hemerocallis x hybrida ‘ stella deoro’ was: Pb, >Pb,,. > Pby, >Pby >Pb,
> Pb,. The chemical form Cd distribution in two plants was as follows:Cd, > Cdy,, > Cdy > Cdy,, >
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Cd,q > Cd,. The Cd distribution forms of two types of Hemerocallis are mainly inorganic salts, amino

acids and other soluble salts. The cell wall plays an important role in cadmium tolerance and detoxifica-

tion. The Pb distribution form is mainly metal phosphate. The vacuolus is the most important part for Pbh

tolerance and detoxification.
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FEREIG Y H 48, C AN 2Bk R
WL ISR 4 T R AR AR P 14 I 400 43 A KAk
PIRBRE, A B T T AR ) X 5 4 s 1w AR A
i BERILTR AP X L < R 0 A T 0 e P R T 4 2
PR ARk S Bl . T X 4 R B TR 1, AL A HE SR
( Exclusion) FII'& £& ( Accumulation ) 2 Fik 2, 1 & 15
5 BB ) IS SR HE AR AL, 5 A R TR
T R 00 32 0 A2 B 5 I 3 2 248 3 4 B AEAE IR
N DA B W05 P %) il 5 T 8 A7 A, AN 6 3 40 1l
RBE HE ARG 5 HLER Bk B (R4 A D A RS
R BLBYIFR AL TR A R 2 Fbopss ot 40
N OB RE [ . Graz 2 BFSE Bk Kandelia obova-
ta Yong 4 7 )& B ( White-rot fungus) Pb %54 @
ARG ATy - AR RE > ATV A3 > MR, /s
FISAR 2 I Fr AR AT h A sy Cd &
e, UMM Cd EEBB TR D . CA
SR E SRSy iz )q , 22 VA R 1k
FLEGIEBAAAE T AR A% B A 2 A LABR i
TERE YR N RS B, s R e T

K6 & ¥ Hemerocallis fulva F1 4 I I & B
Hemerocallis x hybrida © stella deoro’ B2 5 4 1 WL B¢
AETT, AR i, EA 46 8 Y8 — i T 1
{H T 4 S 5 YT 5 O T DA, DAL, AR
TEICRAE & 50 R 4 ke k785 75 g AR, BIF 55 45 5 3
T AR P R 1 2H 2 53 A R A B O3 A SRS B
TEAR RV AEIX 2 T ) b i AR ke A7 o St %
AR, LU i 2 B & Jm s e iR S %
Wi
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1.1 Wb

2013 4F 5 FJ ) T pRAOM R A B R AR R AE =
W A IR R RO A — S5 LR () A R T Ak
P, AR + + Bk + BEROE (Bim b 6:3: 1) 1k
REARFERT, R SR S 28 B SRR B R L
i JRA), AR 12 em 5 21 em 64 3.5 kg, 2T
HBICH. WA BREOR, B 1 DX R IR, A4
P20 NEA, 5 A XS & At AR AT R Pb
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(600 mg + kg™') Cd(40 mg - kg™") 5 Y ab Bl 1 3
#ral Ph(NO, ), BelA 105 ¢ - L' .CdCL, - 2. 5H,0
Felpl 7 g - L™ AT YER R4S | L, AT ke A4k
PR AP 20 mL 35 YL i U, AR I A 4 1 E K
OPIRDL, EIABE K, R K 2 AR EEAE 60% . S T HERR
PRI 4 D DR S A g Ry R 1 1 25, il i 2 v
KIAACIE A ALIE S A 5
1.2 EE3 Pb,Cd BRI 1%

FEMAHEERFH# 0.8.16.24 32 .40 d i} [A]
Vi) B SO AR AR R , Y0 T B BUAR PR b= 38, 5 b b R
HEZ 3 B SR 7K RN 25 B8 1K vp gk 10, U 5 K 43
J& , Se#E 105 CF A7 30 min, SR )5 T 70 CHEZEH
JiE, B T FE iR ). Pb Cd & i R A1k HNO,-
HC1O0, (ARFREL R 5: 1) ¥R Ak A 3800 - i e 43
FEHEE I E
1.3 Pb.Cd EEEFNAED HHR

TEMMA ARG 64 d 5, 40 B AR MR HE I R
T3, R 22 R RSOV , 275 SCHR[9-10 | Y 5 17
Ve, HERPRIUEEFE 0. 400 0 g TTv% BB, Jin
ATE4 CTFHAR 8 mL $2HUI[ 0. 25 mol - L™ JHEpH
+50 mmol + L' Tris-HCI Zhw (pH 7.5) +1.0
mmol + L™" T AREERERE |, K5 BT B A S0 3B 10
ml, (B0 o, TR R ES O ML LA 4 000 1+ min
) B0 10 min K VS BS , B0 A T B TTUE
PR L B BRI 2 Wk, R )2 DUUE R A 41 i BE &
HWe R FR o (F1) 5 3 O A US 20 g
WA IFT 16 000 r - min ™' B 0> 40 min, F 2T
TE Ay 210 RO S 0 B 25 350 2 (F°2 ) 5 3 TR ) A A 9
YU TR A (F3) . e B 7E 4 C T kT,
1.4 EEHERN Pb.Cd LEEESHR

EIMAESE 64 d J5 , LSR5 A Bk
XTRE R -  Hb N 5> Pb Cd Bk 2# I8 A AT 04T
22 SCHR [ 1L ] 0 5 1 0 hn e . o % A B fi A
1.000 0 g FRFAH, A 10 mL $RE] KA B 1)
A1 20 mL B0 T 7E 25 C R EERE 22 h
J&i, T4 000 r + min~" B 15 ming ff E R
OYES, B B UIRE T E A S mL AR IBGR, 7
25 CHHIEIR 1 h 5, T 4 000 r - min ™" A5 B L
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15 min. 57 2 WELJE B LT 20 mL A4
L RATR S S R BGAK IR Z LR B ¢ T 80%
LW, 258§ 7K, 1 mol + L™ GALSNE IR, @ N
2% BEFR VWL, 0.6 mol - L™ EhWRVF W, fic )i hy ok

1 25 B O Bl iR 2 AP S O 2 B Y
THRAYIE THRPWR 70 CELRIE TG, MA K
IR + R (R R L 50 1) BUTRA W S mL #EATIH
FHERWERY, R B EE T REREHA
SR I WO S A 2 Pb Cd 54

1.5 MBS

I Excel il DPS HCPEEATBARGEH T 25047
2 #EREHMH
2.1 RS Pb.Cd WIRIBHFIE

1 A, KAE RS BEFE Ph ., Cd Ab B3] Y ZE
£, Pb .Cd F¥ 5Tt G R Pb (Cd By lied f2 H
BIHEE 1 ANEE A — A B 22 5. RAEE R
% Pb FLBAEL 16 RIKFEAMA, i FH7ESE 32 K

IRFI A, 205K 76. 73 F1274.03 mg - kg™ ;Cd ]
TR 24 RETIA R K, Ho LB ATHL T 385 51
6.58 71120.48 mg - kg™ SrUELERE Sl 1AL T
Pb FLEFE S 16 K ik 2 i KAH, 5351 4 167. 08 F
584.62 mg - kg ' M b MR Cd FRETES 8 K
%, 79.55 F140.05 mg - kg™'. 4 f ey FOR 2R
Pb Cd {8 RAB Y H R AL FK. 2 FhAE Py sth T &8
Pb Cd & & S Tl L.

3% 228 ( Translocation factor, TF) J&f5#h | ¥
5 H R R RN 4 R E R S R L TG
TN B 4 T DT ) 3 b 2 AN 4R Y RE
R RBOBK, W TE 4 8 MAR & [ AR e
Ae IR, R 1 AT L, B Pb Cd &b BEA [E] 138
Jin,2 FpaE E X Ph Cd 1Y% ia RECEA —EL KAE
HEX] Pb Cd B2 REOYH BB/ G &
KAES AL FR S5 8 K, 43510 0.53 F1 0. 46. 4 1
& RN Ph () is B Se T Ja FRAR I a8, 7F
55 24 RIS E RN 0.70; %) Cd (¥ iz RECR W/ E
PR KA IAESE 8 K, 0 0.24.

#1 F[EPb.Cd4ERERS 2 FHEE Pb.Cd &EHF
Tab.1 Pb and Cd contents of two types of Hemerocallis plants after different treatment time
o i w(Pb)/(mg-kg") w(Cd)/(mg-kg")

8d 16d 24d 32d 40d 8 d 16d 24d 32d 40d

KALE H 5 47.01 76.73 49.28 44.48 37.53 3.74 4.33  6.58 5.32  4.41
H T 88.65 196.21 234.59 274.03 118.09 8.19 12.25 20.48 18.79 14.79

5 2R 0.53 0.39 0.21 0.16 0.32 0.46 0.35 0.32 0.28 0.30

St Hb 3R 68.44 167.08 87.68 70.86 34.97 9.55 4.96 2.57 1.87 1.07
Hb T R 365.43 584.62 125.33 108.17 88.96 40.05 30.81 21.03 17.53 14.37

5 B 0.19 0.29 0.70 0.66 0.39 0.24 0.16 0.12 0.11  0.07

2.2 Pb.Cd %2 HEEHHNIHAMS

H1 2 Al 1.2 A b b R AN Ph &
R < RO S A T PR 3 > 2 BE B LBk
T > AN S AR AR R 3. KA ot b MR
R 40 L RT3 P S O R A L 2 P B v T A R
B A AR AR R b T FRAR M BE Ph 5
T ORAEE . Cd &40 - 20 M BE S FLAR i 3 o >

240 0 52 B A AR o > O S A T AR 43,2 A
HIAERTRO P Y Cd & B e G EE v TR
TEE R

2 PP HE L E A T BB R Ph e R
> GEEE R B Cd S R R > RAEE .
2 Fop B, b AR bR ARV A ZH 43 Ph R Cd 5 2 [A]
WRKT 87%.

R2 2FHEEM o TS T M Pb.Cd 8"

Tab.2 The subcellular Pb and Cd contents in above and below ground parts of two types of Hemerocallis plants

, \ w(Pb)"/(mg - kg™") lie% w(Cd)"/(mg - kg ™) olle%
Pkt gidin ‘ -
Fi F2 F3 At % Fl F2 F3 it %
RS WL 0.39+0.008b 0.1020.006c 0.610.006a 1.10 100  0.180.006a 0.10+0.003h 0.01£0.003¢ 0.29  89.70
WFH 0.47£0.006b 0.300.006c 1.03£0.054a 1.80 94.23 0.34+0.004a 0.19+0.003h 0.05:0.004c 0.58  92.35
SUEESE MW 0.40£0.014b  0.0420.003¢ 0.580.013a 1.02 99.48 0.18+0.003a 0.13+0.004a 0.060.004h 0.37 100
WFH 0.78+0.005a 0.22+0.002b 0.83£0.012a 1.83 100  0.45+0.003a 0.30+0.005h 0.15:0.004c  0.90  87.98

1) FI .40 R 52630 5

JF2 . tm BB B L B30 40 B3 R A R m R T MR 4 R P B R A £ AR E £ AR 4R AR

FIAT# 3B AR — AR FHH AT 25 REF(P>0.05,n=3,Duncan’s 3% ).
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2.3 EEd Pb.Cd WLERESDH

N3 AT R A R b R R4S Rk 2R IE
& Pb &£ K/NR Pbye > Pby,o > Pby > Phy > Phy,.
> P, s RS £EHD |- M0 T3 Ph 2tk /N A Phyg
> Pby,, > Pby,o >Pby >Pb, >Pb.. HFER 4T EFH, K

ACE A 4 R o b R A Rk TE S Cd
SR N Cdy > Cdyy > Cdy > Cdy,, > Cdyg >
Cd, ;2 PPz gt | &R 25 Pl ik B 38 Ph (Cd &

I EIRCR YR T 87% .

®3 2HEREMEF WTHIZUFERSHEE

Tab.3 The Pb contents of different chemical forms in above and below ground parts of two types of Hemerocallis plants

B wh w(Pb)"/(mg - kg ) e
Ph,, Phy, Pby.q Pby,. Pbyg Ph, &5t %

KR Wb 0.35£0.013¢ 0.56+0.02bc 0.62 £0.013b 0.12 £0.013d 1.94 £0.212a 0.03 £0.007d  3.62 90.37
HWFH 0.4320.021c 0.75£0.004b 0.78 £0.007b 0.15 +0.019d 3.41 £0.156a 0.05+0.013d  5.57 89.42

SUEEE M EFE 0.23£0.009¢ 0.54 £0.009d 0.66 +.012¢  0.85£0.017b 1.76 +£0.082a 0.07 £0.013f  4.11  113.18
HFH  0.58%0.013¢ 0.70 £0.053¢ 0.71 £0.010¢ 0.97 +0.003b 2.30 £0.198a 0.13 +0.014d  5.39 90. 14

1)Pby: ZERRIZ, Phy : KIRIZS , Phy : RACARIE , Phy,  BEBRIRIZS Py s 3hBRIR LS, Pb, . X B & R P A F
UL+ A7 2 FATHIB S FLAR — MR F 84, R £ RE#(P>0.05,n=3,Duncan’s k).

®4 2HEEMEWTHEIEUERSRSE

Tab.4 The Cd contents of different chemical forms in above and below ground parts of two types of Hemerocallis plants

o) b w(Pb)l)/(mg~kg71) : milve:%
Cd,, Cdy Cyq Cdypy, Cdyyey Cd, ot %

KAEEE W3 0.79£0.014a 0.30£0.016c 0.54 £0.012b 0.11 £0.003d 0.07 £0.002¢ 0.01 +0.004f 1.82  91.52
HFH  0.83+0.008a 0.49£0.011c 0.59 +0.008b 0.33 +0.006d 0.14 £0.004e 0.06+0.007f 2.44  89.65

SUEESE M EE 0.95£0.017a 0.42£0.008c¢ 0.70 £0.014b 0.15 £0.004d 0.03 £0.008e 0.01 £0.003f 2.26  115.17
HFH  1.03+0.057a 0.43£0.014c 0.88 £0.014b 0.21 +0.018d 0.13 £0.009¢ 0.08 £0.008e 2.76  107.73

1)Cdy: TEIRIR A, Cdy : RIBIAE, Cdyo : AAAIIA , Cdyy,, : BEBRIRIRA , Cdyoy: BB IA ,Cd, R B A R P HIEH
FHE 2 AFEE AT BBE AR MR FEHS , A TEZFAREF(P>0.05,n=3,Duncan’ s k).

3 i

3.1 2 MEEI R R E

— BT 7, 7EAE W M 4 1 rh ) B 4 i
FWg iz iy A R AR B R L B3 0 A i AR PR
IR AR PO AR 2 40 0 4 ( Membrane
potential ) SEEHIAHY A LUH E L SRR EZEN R
e T A G R e S R —
NEFEZEAMHTYLIE, B EEBOE T &8 & 5
HR 20 B P At ] ) sl 25 . AR B 5 B[] 3 )
SEWOSCREYE SR E L2 A BOHL R 3 Pb Cd & S
i T ARy AR A I R E SR F
BLIRE, TR EE 4 A A 1 b L RS g
G % M 1R E . B Pb . Cd A B ] Y 4E
1,2 A P Cd & B B5ETH RS TR, X 50
PR BRI SE R —E. FEEAS Ph Cd iy
B AN EE, X T E SRS AR
JHL ) PR R A1 Bk TR 3 A, W i) o 4 R e s
B 7 kb R, R SRR E R R E SR EEA
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PR, AFUE 2 B Bxh P Cd W0 21 B R {ELAY
IR —E B 25 57,2 FiE RIS Ph IICREAS ¥R 2
TESR 16 RIKFNE KA ; xF Cd MR AL 2 B A8 5 24
PNIDP ko FNUSTL e RIS 3 H= G PR PN BN
B e KR X Ul P A 85 1 7 < G ek 7 v A B AR 2
JiE ) PAY A S 23R L A R A e T S s S A, X el
RE -5 63 Jm DR W VK o B ) o s e AE ) A PN ) T 1
FEEEA 5, ] BE -5 A8 40 A B X0 52 3 Js 1) I AL ol
ENEEEES

R AT HI WA 0 B R R RS B RE T, H
(EDBR, e RS RE il iR, 15 B 12 4 J 1o 1 300 00 B
B , i B TEAR R AL, B Pb (Cd AR BHIR]
ASEL: , 2 7 e ) B < i vl R 958 00 1) b8 e
Mo BRI RE 1 ¥l I 45 T 45 J [ R A I A6, IR A H
[ b FR 23 B A%, BEAE IR T 6 S WO A 4L
T3, AT 5% i 45 Jed Xob A 400 A A % 20 4 52 1
3.2 HRE2MHEREFNITERS S

Ph Cd 1£ 2 e &b (4 S 20 i o3 A1 A7 16 22 5+
PEA 2 FhE RO E R Cd RE S oA T A
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JHRE Fh R S AR L 28 0 03, D e R A0 R
g5, BRI, K 1 Cd 5 40 g B 285 5 b F AN BR 1Y
TEAS. AWFFERW], Cd BAE YR ISS , KER 53 B it 77
TEANMURE | HUR A A7 AR A T R o Al
F14) 24 JH B 8 T T A 3 22 ) R AT, PTRE 2 5 4 s B
BT A A AR RS 5 JLUC, 40 BE rp 85 22 i i nl
A2y Cd BRI PRI B ER ™ /2 Cd A3 40
P RE N 4 B T T RS A A
AN AR ) o 37 il —— i S AR LR AR 25 5 1Y)
Cd /03X A7 1 41 M 1E # & 4% 8 52 0 AR FALAE,
B 1 ISR AR R R v i BB S T Cd* T B S
S A AR R R I AR F A 350 %.

AWFFERYISE G R 3 1Y Cd A7AE T 40 i 5
i, FUAT AT 405 4 A T I R 40 2 4
Cosio %0 R U4 K KU Cd EEAFAE T BRI
WK W5 18 WS¢ Thiaspi caerulescens 40 it (4 20 i 55 Hp.
XA AT S A 2 FhE RO A0 P iAo —
B0, WO S AN T s AR 40 > A R R AR i
G > AR B AR ARS8 Zenk Iy, T4 I AE A
W00 L DAY 53k A L R o A, DR 0 AR 2R T G feli A
YA s bk BE . B0 Pb Cd 78 2 FpiE R AES T h 4y
A5 22 5 B IR AT RE 5 Ph  Cd &b FEZK PN [\ A G,
A A BE SRR XT Ph  Cd i 25 55 OC.
3.3 2AHEREKNBBESES

4 R AP WS AR A2 25 5 T8 547
TE T AR R AL A [A] 1) £ OGR4 By Ak &5 B 25
ARl AN W R IOTCHLER | S B IR h 55 mT i h
FB K FEZSEBOK VA HLIR 31 55 5 Sk fh 2 i
5 B G B B A DL BRI IR k45 5 TG 1R 4 M
MEV TOK Y BERRER s ShRR 4R U iR 48 55 M 26 1%
TOKSEHES R W s RIS Bl M B i, e 25 2 (AR )
Z 38 F AR BCE Bk SR S i b 45 B IR 5
RIS AR MR S S fRe A

He % R 8L fERAERDK R 2 b Cd 221
TRERIS N & Bt 4 BUSAAE , ZE AT v ) LS AL 4
RS K . SR AE S BR Bechmeria nivea L. '™ fR
A& B Cd EELUKERIBGS A NaCl $ 0 2 FiE
BAEAE, ZZMm e W LA Cdyy 1 Cdy TEZS R 3, JH
A R e A E L Ph 3B LA
Mg FER R4 S 3, K2 S I & I UGS BT o
FEBIARARG. XsF 7K AR A4 N 1) o0 4 JB Ak 27 B 385 43 A F
R, Pb TEARER LABS R B SR MR IBGS S 3, T ik B
) 80% LA £

RACEFHE 3R Phye A1 Phy o T A7 T
oy PR R s A A R b MR AR 3 A Phy A
Phy JIT i 23 Heds , P DR PRI 1% 12 MU 25 55
YRR St s R AL 2508 EAFAE T 2 M hrp, Bl
BRI Ph % AR oo FE 34 i, A
B E B i —FhRE T B AL E, IR S TR 2 Pb
AL RFEMEIE A5 09 Ph KA A7. SR Cd 1E 2 Fif
BRIRN LS TES S H S P RIE, ¥ 2 R
WGSBS A o3 e e, O B4R OS2 A Wy 2 e e A
M AR SR IS, Ul IAE 2 BhE Fih Cd A HR K
HORE 22 bic s IS I 1 st (U Y L R R R R
FIAH R LA

2 fprE R Ph Cd AL~/ I8 2500 A AR, 55 H At
R I AT R E A — R 1Y 22 5. 1 B B K [R] 45
Rn] e S AN T S R R AL AN R
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