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A comparative study of Pb tolerance and enrichment
characteristics of different species of compositae

XUAN Bin, WANG Ji* ,CAI Xiong-fei, Hu Feng-qing, DUAN Zhi-bin
(School of Geographic and Environmental Science , Guizhou Normal University , Guiyang 550025 , China)

Abstract; A pot experiment was conducted to study the Pb-resistance and enrichment characteristics of six
species of Compositae plants( Aster ageratoides, Rudbeckia hirta, Cosmos sulphureus, Gynura bicolor, Calendula
officinalis and Bidens pilosa ) in different lead concentrations. The result showed that the dry weight of the six
species all decreased with the increase of Pb concentration. The three of them, Cosmos sulphureus , Gynura bicolor
and Calendula officinalis ,showed good resistance to Pb stress under all concentrations , with tolerance index( TI)
greater than 0.5 and the root tolerance index greater than 0. 9. Among the six, Rudbeckia hirta showed the best
resistance to Pb stress, with Pb content in shoot amounting to the maximum 1 783 mg/kg,and the enrichment and
transport coefficients all greater than 1. Based on the integrated observation of the enrichment coefficient,
transport factor,the paper believes that Rudbeckia hirta can be used to remediate Pb contaminated soil at low
concentrations.
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1 MEEIE

1.1 RIe#r#t

T 2016 4 4 HFE SN MG K240 % 10 R4 = Bk L 56 (Aster ageratoides Turcz. ) B0 %5 ( Rudbeckia
hirta L. ) | i %€ %4 ( Cosmos sulphureus Cav.) | Ifil JZ 3% ( Gynura bicolor ( Roxb. ex Willd. ) DC.) | 4 35 %4
( Calendula officinalis L. ) ., =M Y& 5F ¥ ( Bidens pilosa L. )6 FAEY A+ ik A0 SEAR B AN pH
7.36, FHLIE 31.24 g/kg, &% 213.52 mg/kg, F50HE 4. 53 mg/kg, HALHN 4. 27 mg/kg,

1.2 REH*E

WE Ph(NO;), Ftsilh 0(CK) 500 mg/kg.1 000 mg/kg .1 500 mg/kg .2 000 mg/kg, % 2% A
PINEFES), 5 EHEFAMRAIE 26 A 15 em x 18 em( HAR x fm) BIAEZL T, PRFF H [H) R /K i 80% , &1k 2 4
AR TR, FREMEYF & T 4 CUkGa PR M, BRI, AR5 410% 1Y H,0, 2
10 min, £ B F/KME)E B THIRILRTE (25 £ 1) CIEIRAEAMEZE, 2 I R B ST R Fh TR AR 7E X
AL 1 BRI R S R BI5GB A S Mo 1 MR S A H
(B AT KA K B
1.3 DENEE#ELE

AP EIIE CRA R 3 A H AR e b T SR T A3 B S8 SRR gk ZSBR B R T AR AR
ain L AJE AT Y, FE 7 K bk 2—3 i B4R TR TH K 73578 105 °C R AR 30 min, 285 70 CH4E
TRfEE,

T e R TS MR R SO R A AL 3 100 B (FLAE R 0. 143 mm) JE T, IR AT, R A
HNO,/HCLO, (V/V =5/1) fEE5 i 25 F (180 C 1 160 Pa) %6 M1 R MU I HEW & 2081 . &R
AR YE 2 100 mL 2R, s 27K g 25, R I 5 3 O BE 1 ( ZEEnit700P ) P A1 35 1

i AR H SPSS 220 Hl Excel 2007, fit 2 1 22 57 46 I R H] Duncan” s 38 &t 2235 | B3R 4E H
Origin 9.0 52 A, HIN H) & £E R 2 ( Enrichment coefficient, EC ) 5% 12 2 % ( Translocation factors, TF ) 7154
AT HEER =MYERES RS &/ R ESE S &8 s 28 = Y - E SR & AR
R A R S
2 iR 50
2.1 6 MERAEY X Pb B9t 5#7

6 FI IR BN SO0 melce I 16T TR 500, ML AL R T H bR 25 b 3
W IR LA BEA e MR A R 1 000 mefke AT LB A A 0 L6 S e
By EN 2 000 mg/kg ARHET ARPIHL BT R 0 M = kS SE AR R S RN 2 000 mg/kg AR
CAETo(R 1), SEREW]BEE LT Pb &S nY34 i, 6 FhAGRHEY L 38+ & 2B T FenyiEas.
#1 7A[EPb&EREX 6 MM FESTER M

Table 1 Shoot dry weight under different Pb concentrations g Bk !

JbHH /mg kg ™! = k5t E e} iRz} 23 et} EUY

CK 2.31+0.25 a 3.97+0.23 a 2.03+0.02 a 1.51 £0.09 a 2.56+0.24 a 5.53+0.39 a

500 2.07£0.12 a 2.19 +£0.04 ab 1.86 +£0.16 a 1.36 £0.17 a 2.10+0.31 a 5.68 £0.32 a

1 000 1.82+0.13 b 1.32+0.12 b 1.21 £0.06 b 1.25+0.03 a 1.83+0.06 a 6.33+0.45 a

1 500 0.98 +0.31 ¢ 1.61£0.17 b 1.09 +0.24 b 1.1+0.26 a 1.95+0.28 a 5.10£0.27 a

2 000 - 1.13£0.18 ¢ 1.31+£0.07 b 0.96+0.19 b 1.69+£0.32 b 4.17+0.19 b

VE < 9 AR [ B s [l — M AR R AL B2 ] B B 2% 5 (P <0.05,n=5)

TP (T Sy A F2H 5060 BRZH b 3R T E 1 OB, — A TT> 0.5 I MR A5 TR FR

W X B B Sz e AR RSB RTL) Sh 4840 38 550 FRAHAR R K B0 Al , — T
TEHREEWRE T  RTI > 0.9 KRR 2 8A 2 20 B A& /E 1S B, TR RTI A4 R i B A ) &
SRR T EFE R
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THEARIR] Ph & Ab B A A b AR RIPEFE A (3R 2) , RIUBRAEA | K S N4 3538 TE i A o
HAFE TR, TLH KT 0.5, H RTL KT 0.9, UiBA L 3 ARy xt Ph e B 84 it . 6 Fiid Ti
A RTL HA — 3k, YBEE & Wk B g hnmiASWrim b, O3 FEAL S 2 1 000 mg/kg B H: TI (%
Wi/NTF 0.5, MAEALFE 50 2 000 mg/kg B, H TT AT RTIEY/NFARUE(E, UEEAHAZ Ph A Eoh ™ &

#2 7F Pb & BAET 6 WA MR R EIEH

Table 2 Shoot and Root tolerance indexes under different Pb concentration treatments

b3 = k5% BauvE | U] IS ERM B
/mg + kg ™! TI RTI TI RTI TI RTI TI RTI TI RTI TI RTI
500 0.90 0.98 0.55 1 0.92 1.02 0.90 0.99 0.82 1 0.98 1
1 000 0.79 0.98 0.33 0.96 0.60 1.05 0.83 0.98 0.71 0.96 1.14 1.03
1 500 0.42 0.93 0.41 0.93 0.54 0.96 0.73 0.95 0.76 0.95 0.92 0.98
2 000 - - 0.28 0.89 0.65 0.91 0.64 0.95 0.66 0.92 0.75 0.86

2.2 6 MEREWIT Pb WK 5 RiFHE

XJ 6 TR b ER A T ER Ph S BT 22 0 (B 1) R BURAEAG KR S | ISR = S
o 5y Ph A T Ph SR ARG 0, B B R VR AN, . M A BR 4G RN RO A5 |
#B Pb & AN G T R HERTE | X R ERON I ANR — EIG R RS 1 Ph S g —
WEE R 4 8 BRI R0 AR Ph 5 b s AR O 2 LGS FERI IR & R AL BT M S Ph A
i SRR Ph RS ON A B I P S RN, KR R Ph S B K T B Pb
i YT E LR P R AR > 25 > A9 B ARED
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Fig.1 Shoot and root Pb accumulation under different Pb concentration treatments

PREUAEAGAN = LA o, e mn g RO A | — BRI K S AE LS 5 4 1000 mg/kg A1 1 500 mg/ke
ARBET AR RR M L Ph B B E R  BUAE A AE 1 HE Ph SR T 500 mg/kg, =M HLEH FEAE L5 Ph
FHERT 1000 mg/kg I, 3 3 Ph 5 i 500 BAHAR L 8 2208 0, 2855 RO 39 =0t BB B R T
Pb & HETE 1 000 mg/kg AbBRIITU6T [, T =k 5568 A MBS BEE Ph 5t A3, 3o T3 Pb & & 2 HUR
Wr L TH RS TR R B EGR ) Ph WILRE S

Ph 5 SR AR 2T A2 1 LR Ph IS I FHER T 1000 mg/kg, 1M 6 i) A 045 R =ik
SN LR, K SEAE 1 500 mg/kg B 3 B Ph F o AT b i R, HLOHLAE £ Ph S
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2 000 mg/kgff ELAET ;1M B0 4576 + 3 Ph &84 500 mg/kg AFE T | # | 3K Ph & 8 i s FLE, 76 +
B Pb F it 1 000 mg/kg ALFE T IR FE R, e K& HH N 1 783 mglke,
2.3 6 MEREYT Pb S £ B

BHERE(EC) & Rk A Y & 4 @ A R B 1 B Z 0 1 i R/, 248 A R b 1358 5 4 18 v A
A S LU, B AR R BRI R R FE 3 WTLLE L, RS Ph AR B A K
K,6 FRIYIH) E R BRI T R B0 A57E Ph AL HE R 500 me/kg T 1 000 mg/kg I 5 R 5 >
1, IR E Ph HAA Bm A0 & 454 FH 1 HoAth 5 R st 1358 Ph & 42 R B0Y < 1, R LMY &
it [ S HEFRHLEDRBE LR Pb Je R B, LI/ XY A B R G0 . 548 RECCTR) W2 i 365
W E AR S A A, IR T BRSO ) ZEALEE R 500 me/kg A, SR A4 I
B2 S ia 2B, A R 172 R 1. 22 SR RUCAAE I AE Ph AR St MRS AR ER Y Pb 24 A FE 4
JRLRE 138 Jh A R N I B e R I RS EAR R B A 1Y Ph 4R B AR 545, 1 Ph 5 n) Lz i AT
G MM 2 RECE B AE 0.3 224, 18] RS 1 4 8 (0 BE 1l Ao

*3 AEPh FELETHEY Pb BEEMEERE

Table 3 Enrichment coefficient and translocation factors under different Pb concentration treatments

szl = k%58 RN} TifE4 1M FZ 3% ok 2] B R A
/mg-kg™'  EC TF EC TF EC TF EC TF EC TF EC TF
500 0.79 0.31 2.29 1.72 0.15 0.59 0.27 1.22 0.16 0.21 0.09 0.28
1000 0.83 0.31 1.78 0.46 0.05 0.39 0.32 0.67 0.13 0.31 0.05 0.16
1500 0.71 0.27 0.97 1.30 0.09 0.14 0.24 0.48 0.07 0.42 0.06 0.39
2000 - - 0.27 0.34 0.10 0.31 0.23 0.49 0.04 0.20 0.06 0.50

3 ZheSHihe

SR R AR IR 4 R T BE R NI A B L A Y — LA 3 A ERE 1)
I L2 B R AE R A0 PN B 4 If 25 152 M - Zn Min A 10 000 mg/kg,Pb Cu Ni Co As 7 1 000 mg/kg,
Cd M 100 mg/kg; 2) HA & HE N2 ZBRE , B & 42 M558 2B KT 1;3) By — MR s .

ARYIRINIY 6 FRY T, A BUOAETE 500 me/kg P AbFE T AR RIE i 2 LA 1 4k, LA & B 4 BF
SR EY RN SRR ESRITR BB ARG, MY R E SR B AR RPN B R
AR 15 Y AR AR RS AR A A ) 4 R b L BB R R A R -
FREE 4R A S vk LA R 2 AT Sl B R W IR EG T AR, 2 4 Ph & iR 500 mg/kg
A, B0 A 3B P BRBE Ol 2. 507 mg/Bk T E LM X AR P AT BRI R
B 3 3B Ph SRELE R = K 0.3262 me/th , ULHA RO 1EN Ph & MY HA EAEME R TT .

AW AEY XA P T A R i B 0 2y R A B AR e 4 R B T s R E i
PENOT B Ph AR BE B3I, SR AG G AR ARG AE R BN 2,29 1. 72 [ % 0. 27.,0. 34, I fiif
PERE YT 8 42 JE 1) BBVFAAENN 32 BE, X 0T BE S A S s pLmI A G, B4 R AEmY A 2K 3
AR 2 B A0 3 B AN RN 2 1 P R AR KO I R T R AMA R i P — H AN 4
Ji e B SR AT I 00 5 ) R A B T R AR 32 A B, gl 2 T 4 SRR 40 L 2 A B SR AL R R R SR
2 Pl AR BRAR G sh = A e NI R AR K, DR, S AT A A R R W T 5 2 e A ) A
B, DI 30 A 2R G BURL B 0  , JTH H  SEAE Y O AR RE Ty, T R A TR 4
JETPEARL Y , 0T LAt — 2 B ST R4 T 4 s iR it A2 1 S S 35 PR R S B R DR %) o, DAL i ) S A ) T B TR
R EYE R SR RS Y s R T R AR,

& £ X #
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