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& E R /INTE (Ficus microcarpa) %f 48 Ph Cd 15 Y 1935 M , HoR FHIEAL TOPSIS A ZE & E A Hoxt Ph . Cd 5
P ERTE J1 o B ERWT, 1 IAR 5 5 Ph AR HE/INTAR A KM 7 i Ph M /INTHAR A2 K, 500 mg- kg Ph AL, /INmHAR Al R RN
S AWk LT RS 3G 0 28.92% F130.09% , A (B IS 43 B N 11.74% .97.59% F161.80%, T 1 500 mg - kg™ Ph 4 XTI it
MR R G R URAMEER . AR5 5 Cd(10 mg-kg™ )X /NS A P FA BR TR WSO W 2520, 25 mg - kg™ Cd FHf /i
WK, AP CAi5 Y b 3Erp NHRERT Cd M &SRk, T X Ph F B 80 BT 322k 5 15 PhioooClas 20 FIAH LG, 4841 138 P 4 Ph &5
Tt (PbisooClas) 3% Cd 75 12t (PhioooCaso ) 15 1 25 1 /N i A3 AR 0 9 T 4 J8 % b o 45 PhusooClos 20 BRAH L, 3840 + 4 v CA 19 & it
(PbusooCdso) 2 /INHAE AR X Ph AW, (B 2 e 0t 3505 Ph M. AL TOPSIS BRI PEAN 45 51 i /R, B— Ph Cd V5 e/
AR A K R 35 A WBCIR 25 BE B HEIE 4+ Phsos>Cd10>CK>Phiooe>Cas>Phiso>Cdso , BIZINHFATE 32 Ph £ 4 500 mg - kg™ B 35 I
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PhsooC dos 20 B/ N 14 2B 4RI TR 4300 2 WSS =2 BP0 ], B /N4 842 Ph L Cd A 243 AMIE T 1 000,25 mg-kg ' 9 Ph.Cd &
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Resistance and remediation potential of Ficus microcarpa to Pb and Cd pollution in soil

PENG Weixin', ZHUANG Yuting', LIANG Zhiqi', YU Zhengnan', WU Daoming', ZHANG Xueping’, ZENG Shucai'

(1. College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; 2. Foshan Forestry
Science Research Institute, Foshan 528222, China)

Abstract: This study determined the adaptability of Ficus microcarpa to Pb and Cd polluted soil using a pot experiment. The entropy weight
TOPSIS model was used to comprehensively evaluate the remediation potential of Pb and Cd polluted soil. The results showed that the
growth of F. microcarpa was promoted in soils with low Pb content, whereas it was inhibited in soils with high Pb content. Compared with
the control (CK,), the underground and total biomass of F. microcarpa under the 500 mg+ kg™ Pb treatment was increased by 28.92% and
30.09%, respectively, and the uptake of nitrogen, phosphorus, and potassium was increased by 11.74%, 97.59%, and 61.80%, respectively.
The 1 500 mg- kg™ Pb treatment exhibited a significant inhibitory effect on the growth and development of the plants. The low Cd treatment
(10 mg-kg™") had no significant effect on biomass and the uptake of nitrogen and potassium of F. microcarpa, whereas plant growth was
inhibited under the >25 mg - kg™ Cd treatment. Ficus microcarpa was sensitive to Cd, but exhibited good tolerance to Pb in Pb and Cd
polluted soil. Compared with the PbiowoCdas treatment, increasing Pb content (PhisooCdas) or Cd content (PbiowCdse) in the soil significantly

increased the content of heavy metals in the roots of F. microcarpa. Compared with the PbisyCdas treatment, increasing the content of Cd in
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s0il (PbiseCdso) inhibited the absorption of Pb in F. microcarpa roots, but promoted the absorption of Ph in the aboveground parts of the

plants. An analysis using the entropy weight TOPSIS model indicated that the comprehensive evaluation coefficients of growth and nutrient

uptake of F. microcarpa under single Pb or Cd polluted soil were as follows : Pbsoy> Cdio> CK; > Pbigw > Cdas > Pbisoo > Cdso, indicating that

F. microcarpa exhibited the best adaptability when the Ph content of soil was 500 mg -+ kg™'. The comprehensive evaluation coefficients of

heavy metal absorption capacity of F. microcarpa under Pb and Cd polluted soil were as follows: PhisoCdso > PbisoCdas > PhigooCas >

PbioooCdso > CKs, but the growth and nutrient absorption of the plants were inhibited under the PbispCdso and PbiseCdas treatments.

Therefore, F. microcarpa can be used to remediate polluted soil with Pb and Cd contents less than 1 000 mg - kg™ and 25 mg - kg™,

respectively.

Keywords: Pb; Cd; heavy metal pollution; Ficus microcarpa; phytoremediation

VEAEE , Bl Tl F AR 1 PR & e LA KT 7 B 5
TR R, 280 B 40 s BN 296 AN IR b 2E A 313
Tt - S vt T 3k 6 Gy i AN A 20 A A FR A
HH ) 38 A IR 3 B3 2ok ) i 2 N S M R i T
T, PEE , e 2 T 4k 12 3% Cu  Zn (P Al
Cd & Ly 9 506, Y 400 23.30~1 226.30,
65.60~1 964.12,28.60~25 380.55 mg - kg™ #110.15~8.59
mg- kg™, 135 H 45 R V5 YL O 48 UM MR R A DY 5
P R, - e Gy U Y AR GeAE 5 R
% Lk BRI DB 1 R H AL 2 S B AL 2
D3 RN AR X B Ty ORI RN BRAR 38 AT RE T 3 1
SERMEIR | - SN0 T3 AR A S )

F ¥ 1% 5 (Phytoremediation ) £ R A A 1 3 & 4
J& 15 YB E REEA A SR A5 A IR
1Y EE AL, Z BNz o, B, X T E 4R
) T PR ) 5T 2 R T R AR B AR
ARAKE WA Ry T A 25 2R 8 0 B B2 s oy, LA
ARG A W R R R R SRR X T A I
T 2 1 38 4 Jm U5 g B B R R D0 B TR
A7 e BRATE D () 3 1R B, W00 201 2% PR 40 %) o 4 Je ¥
R 3 L, e PR R AT R LB, X R R A
A v T 52 P ) el PR 00 R R A Tl el vk g A, B
BT kR SEAL IR, RN T LS A 3 o H
/7 Y G SR T G, R R X E IS YR BB K AR
FH

INHRR (Ficus microcarpa) T RBE R H ek KT
AR TE TR [ AR e RV e X2 R, 320 T
T T8 % A | el M s L s DA R AR A R AR AR
SN GEAE Tl 15 YL ™ o 1 IX AR A7 AR ) %) 4
J& W BCRE J1 & B, 6 R T AR Fifr v /NI B 4 J AR
FHF 1 455.60 mg- kg, T A B PV IR AF 5 iE T
FE I SE R U B 5 (<10 mg-kg™) A Cd 7E— € B BE
3T AR (Cinnamomum camphora) F17)N A5 1Y
it A EU (CAT) Al AL Pyl (POD) 15 442 , 1561

1% WHART]

JINI A X T 4 R A — R I 2 v A B RE T . H R
K/ 3T A R T Y18 o A
B EEEE LR AFLE, TR 2RI
AL RE S A P R s S BV E R TR = A s e,

JE AL TOPSIS F B L5 G PFAN 5 1 —Fh ZF8
AP, BATC ) Z T 2GR B
A RF) TR Al TREEEAIER . 1% IR R A A
JE s B0 4647 A R AL, PR FH TOPSIS A5 8 4 7 4k
] N AT, A 50k e A 32 0 R R 6 45 FE A
DA SO AN 8 5 1200, AR SR /N A Sy oA A4
RE = AR, BT R HE P Cd 5 e
AT Y N IR AR VB IR IR IR R T 4R
5, 335 FR AL TOPSIS A5 75 %6 /N i 5 7 B —
Pb . Cd 15 338 b M S 76 52 4 Ph . Cd 15 Y -1
1 T 4 B WOCRE T T TEE A PRI 5T /N AR
HEPh . Cd IG5 Qe Pt LA S AE SR A P CAd V5 Je 4544
B S T, LIRS T 2 b o 4 g 75 e SR 1
52 FRHEHS AR

1 #MEEFE

1.1 R34

P R HER B A RO AR AR, SR A b T
PO T A TSR ON 21.4~21.9 C, -3 F%
P H 1 623.6~1 899.8 mm , + 3285 U 4y R M b i ok
ZLHE . RHE0~20 em T3 BREMBE M A PSSk
Yy, BT N XA BE T 20 d 5 2 mm B 4 0 . it
iR - HEFE AL T« pH {1 4.89, Pb 5 i 32.51 mg- kg,
Cd &1 0.15 mg-kg ', AHLI £ 6.39 g-kg ', BAF
022 g- ke, BRSO 2472 mg - ke, AW R
0.2 g- kg, B M & 2 2.96 mg-kg ™', &A1 & 10.97
goke !, BUSHI & 5 22.17 mg-kg '

BEAE ) A /NI A W T M T AR AR v [
Y, MR 530 em, K — Rk G A AL 4 19.5
em . HA22 em,
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1.2 3k

F AR G A W L T AL B 2 b 5 T I A R
17, A FG 3R . —Phi5 Y FA—Cdi5 (% 1)
ME A Ph . CAdig Yk (F2) . ATHASEIF R —Pb,
Cd 5445, Ph . Cd & A& W E 4 DKF, 74 4b
B, B Pb 500, 1 0001 500 mg- kg & Cd 10,2550
mg ke, IR INE £ & A X B (CKY) 5 J5 AT R &2
G P Cd 5 GL il i, AR A 5 — 75 el gn 25 0, Hhic e
SAAEFR, LIASTS N 4 J& 4 B (CKL) o BN AbFE 3
WEE Bt 4kg(THE), 364, Pb.Cdib
PR3 51 F 43 B 46 PhCL  CACL X + ek F 15 4% IR 5]
Ja TR AV 3 o P58 S R RS AE 1 PR/
AR R AR ) 8 2 B K, DR - 4 BOK TR
HH ] 45K B 19 70% 2247, %5 IN TR 25~30 °C.o

B Y5 YL AT A 15 Y i B U B ) 40 18 2017
10 18 HAI2018 45 H 11 H , FkE s [R]85 4>
N o B gl o fm R AR T IR Y FE i AL 53
Sy IR CEM) M IR R ) . HHERE IR
HAR TG, 43903 2 mm F10.15 mm JE Jg i 45 FH o
FHFRFE A 22 105 CAF 30 min, 75 CHET 72 h, i ¢
TR, RIS A I

F®1 B—Pb CdiIFHEREEIT
Table 1 The experimental design of single Pb or Cd pollution

75 Number  ZbFf Treatments  Pb/(mg-kg')  Cd/(mg-kg")
1 CK: 0 0
2 Pbsoo 500 0
3 Pbioo 1 000 0
4 Pbisoo 1 500 0
5 Cdo 0 10
6 Cdas 0 25
7 Cdso 0 50

*£2 E&Pb.CAFLRXWIET

Table 2 The experimental design of combination Pb

and Cd pollution
J¥%5 Number AP Treatments  Pb/(mg-kg')  Cd/(mg-kg™)
1 CK, 0 0
2 PhigonCdbs 1000 25
3 PboowCdlso 1000 50
4 PhsnCabs 1500 25
5 PhiswCdso 1500 50

1.3 St A&
- HERE BT S IR A A A ), o

pH K pH 1135 UK 4 He ok 2.5 1) I 5 47 HLR
KoCry O, 28 1 00 5 5 4 SRR FH L EG i R0 I A 5 Bl
RR F BB B0E D A2 5 285 R F NaOH J% fih—4H 6
P b A I A2 5 3 50 R F NaH CO, V5 112 42 - 41 6
PO AR LI E 5 4280 R ] NaOH 85 Bl — K A4 43 06 6
TR AE 5 A0 K B CH;COONHL 7= 42 - S a4 6k
FEHE I AE ; 428 Pb . Cd K HNOs—HF-H,0, %
TH =R IR A e B TR E R

REPIRE S 28 HaSO.—H, 0, T i , 15098 25 5 it
S BRI Bl R P AR BT e kI , A
KK I BE 3 72 3 Ph . Cd 2R ] HNOs—HC1O. fi
U T it DR T MR M A3 Y B T
1.4 EHEALTE

) 4 JB T VS B0 (T =k 30 20 A 0 F- 149 5 e
Wy i () /% BEAAE AT 2 B AP (o)

A 35 B B Excel 2016 318 4 19 SR 5
SPSS 19.0 #F47HL[K 2 5 2243 BT (One—way ANOVA ) Fl
Duncan £ & L%, H Origin 2018 218 FE Y E
I 50 4 i R T )0 3003 R A TOPSIS A AU 25
TEM 7 0007200 LA T 1R A1 BEAF 5T X6 52 i n
AR, S BRFE A T R P FR R AT m A, IR BB
T 7 D B B3 -

R={(r3) nn

(DX RIEATHRUEAL , TH BRFEAR AR [ B AS[R]
JERE RS AR EAL S R -

R'=(r" ), WIKREAL S R =[5 —min (77 ) 1/
[max(r’;)-min(r';)]

(2) SRR B B . 55 i R AR AR H AT
E R

H;= —kiflnfij| i=L-m;j=1-n
i=1

i=1m;j=1-n)

) IR i M PR R B W

Wo=(1=H) /(=3 H)), (=1, m)

(4) R IMATEHE R S=W. R ;, T i FRAE A7 SN
ﬁfﬂ*ﬂﬁ@s;

HRAEAR « S7={max S| j = L--n); A FLAELAR . S;=
{min Sij|j: L+, n}

(5)IEMEE . 4 D PR 48 Fr 31 B AR 7 17 i
B DI bR 2 £ AR A A P

S fy=—L skt BUES, = OB, f Inf, = 0)
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m

Di={ [D(Si=S)]j=1-n)

i=1

m

D;:{ Z(SU _SJT)2|]‘= 1,"',71}

(6) &I H LA PPN R
D;
l=t
D +D;
A LYBUEA T 0 28 1 2 ), HAEBOR , s AR g
T A RO 4 R BE ) SR BB R s S
SR A I R A o 3 s e 2 G PR

2 GHRESW

2.1 Pb . CAdiTHEEHFT/NNHERMERIKR

FH 2% 3 WAL AN ) A K6 B — Ph (Cd 15 e 3%
PR AS R A IR 1Y, o - 398 Ph 3% A 500 mg - kg AL R
S b AR AR W R BE A S [ R A4
TP B CKO AL BRAY 1.30 4% 5 13 Ph & 2 9 1 500
mg « kg™ B, AR ER AT G A W A EE X B B REAR T
51.28% F143.52%, 43k 5| B 3 KF- (P<0.05) . Hi—
Cdi5Yerp , B AR RR L b3 A Wi G B % 22 5 s
PRAR AR Pt A e R M R B 2 15 b Cd
e Y T it S B R AR AR A

1126 4 FIT 7R, PbioosCdas. PhysosCos b FE/INH-H4 A AR
TR S CK kb B B 3 22 5 5 PhineCdso
PhisooCdlso 20 P A AR R A 7 £ 5 X6 BECR Ll i 2 BRI T
34.05% 1 37.00% , 7= WY /IN i A 6 o0 4 @ Cd B M

‘jzlfnﬂﬂ

R3 B—Pb CABHEFHT/NHEEYEMT EIEH
Table 3 Biomass in different parts of Ficus microcarpa under

single Pb or Cd pollution

o jf I > - ‘ L 1) ©ok
phan gy LEEEE e WERER
Treat ts Root biomass/ Aboveground Total biomass/ Tolerance

reatments Root biomass/g biomass/s otal biomass/g o 0

4.50+0.74ab  12.73+0.34b 100.00
5.95+0.82a  16.56+0.12a 130.09
4.36+0.53ab  11.95+0.66b 93.87

CK, 8.23+0.81b
Pbsoo 10.61+0.77a
Pbiooo 7.59+0.15b

Pbisoo 4.01+0.77¢  3.18+0.40b  7.19+1.11c¢ 56.48
CK, 8.23+0.81a  4.50+0.74a  12.73+0.34a 100.00
Cdio 7.09+0.51a  4.27+0.36a  11.36+0.87a 89.24
Cdss 5.19+0.38b  3.06+0.38a  8.25+0.75b 64.81
Cdso 2.57+0.24c  2.83+0.63a  5.40+0.68c 42.42

T B P b7 iR (n=3) , [R5 B J5 AR i A ) B R
Ab FTE] 2 57 . 25 (P<0.05 , Duncan s 3%) . F I,

Note: Data are represented with mean + standard errors (n=3) ;
different letters indicate significant differences among treatments (P<0.05,
Duncan’s test). The same below.

1% WHART]

JE . PhioooClas 20 FRAR AR A b A0 B A ) e ¥ ok 2
FI U 8 52, JHLAth A P A b R B A A R R
9 42.51%~51.77% F129.05%~42.97% , ¥ 15 5] i 27K
F(P<0.05) o T PEFEEUFE 25 mg - kg™ Cd AR PR ¥
T 50 mg- kg 'CdAb L, H A AL I /NT CKso

Sk R L 4 J 1 Y b B /NI AR 45 A i
RS 2 [ (9 56 2R, 3l kB A8 [BUH 4307 5 245 2 i
MR (FR5) . HRATAL, /N R AR AL A=
Py B AR R Ph L Cd 75 i S W 2 ek
BV FEB— Ph Cd5 e, /N A
KRBl 135 Pb Cd &5 & A3 a3 i, LA — Ph
Cd V5 Y X /N AR A= 1 i B i 4 FH 250 X b=
AR
2.2 Pb.CAiTHEH T /MR 5 7T E B R IL

FE LR RUE Y Bt 38 Ph sk Cd 75 A3 i
JINIEAA Rl B IR ) S I S 0 R e
o Phsoo bR AR AR L B B 1 W B 8 0 K, oy

&4 BEPb CATREH TN LY EMAHEIRE
Table 4 Biomass in different parts of Ficus microcarpa under

combination Pb and Cd pollution

, o M [N IREEETER
m g ORIy IR
. Aboveground . Tolerance

Treatments Root biomass/g K Total biomass/g X

biomass/g index/%

CK, 3.73+0.26a  3.67+0.39a  7.40+0.37a 100.00

PbiooCdos  3.13+0.19ab  3.31£0.76a  6.44+0.59a 87.03

PbiooCdse  2.46+0.15b 1.77£0.07b  4.22+0.21b 57.03

PbisoCdas 3.30+0.38a 1.95+£0.02b  5.25+0.40b 70.95

PbisoCdso  2.35£0.15b  2.11+0.10b  4.46+0.10b 60.27

x5 REBSH EAHEMERRER@IATE
Table 5 The inhibition regression equation of reduction rate of

root and aboveground biomass

"R HBAL Bl 7 A R
Heavy metals Parts Stepwise regression equation
Pb i y=0.080 2x,-65.293 0 0998
Hb 13 ¥=0.061 6x,-61.481 0 0.993 %
cd i y=1.635 6x,-10.539 0 0.97 1%
|3 y=0.556 9x,+0.025 5 0.798%
Ph.Cd REE y=-0.001 6x,+0.868 6x.-5.892 5  0.913**

M EF 9=0.029 8x,+0.712 2x,-25.702 5 0.560%

oy AR RFRARR x40 B R HE P 1 Ph Cd T 428 &
AR 3k RO 8 15 Ml 350 A= 4 e ) P (BT o " SRR LS R
0.01 K-, “*7” Frm A B K 5 0.05 /K F

Note: y is the reduction rate of biomass,x; and x, are the contents of

Pb and Cd in soil, respectively, and the reduction rate is calculated by the
average of root and aboveground biomass. "**" indicates that the fitting
reached 0.01 level ,and "*" indicates that the fitting reached 0.05 level.
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54 30.95.10.64 .49.59 mg- kg™, A Hb XF HE &g 2 184 i
T 11.74% .97.59% . 61.80% . Cd,s b P FE #R 2 B0 )
W3 ) K 14.98 mg - kg™ #124.74 mg- kg™, A HE X
8t 2 R AIK T 54.26% F119.29% , i W Ui 5 Ky 7.46
mg - kg™, FH L X HE S 2E 3G 0T 38.49% 5 Cso i HEAF B
R 5 Cdas A0 FRTC (2 25 25 5 T e R A

Bl gcek

[ Pbsoo
60 Pbiooo
Pbisoo _I_
45

30

15

TGy W ek
Nutrient storage/(mg-kg™")

F£43 L Z Nutrient elements

757 O CK,
— DCdm
;an 60 U Cds
o0 CdSO
Se st
X ¥ o a s
I BEU . b
; b b
= 15+
Z:: ;2 c 2 b ¢
L EON s
N P K

F£43 L Z Nutrient elements
NRING FhEF R A B a] 22 5 8 2% (P<0.05,Duncan ' s ) . A

Different letters indicated significant differences among treatments
(P<0.05,Duncan’s test). The same below

Bl 1 B—Pb.Cdi5REMH TN R E
Figure 1 Nutrient storage of Ficus microcarpa under single Pb or

Cd pollution

B Ock.

D PbionCdas
60 1 23 PhionnCdlso
PbisoCdbas
45 @ PbisoeCdso

30

15+

I W
Nutrient storage/(mg-kg™)

F£43 JLZ Nutrient elements
E2 E&Pb.CAITEEHTNHEFSRIKE

Figure 2 Nutrient storage of Ficus microcarpa under combination

Pb and Cd pollution

W ERRRT 31.48%,

WA 4G Pb.Cd B4 Jm By A /N B
Wi 8 43 518 11.60~17.79 mg - kg™ 1 12.79~25.04
mg - kg™, AH EE X BRI P g b a2 i BE 43 ) R
18.60%~46.91% #118.29%~53.15% , Pb1osoCdlso i FFE
FEF I 5 PhisoCdso 2 PRES TG i 35 25 5, (H i 3
T HABAL B . 5 PhioooClas REFRAN , FEA b3 22 7] /)5
AR SR B O 22 R
23 Pb.CAITEEZFGT/INNTENESEHRIKRAR

H—F L w5 Y JE AR YR T 4R A
PFE AL B B FR , JCER 43 W B AEAR R, Pb . Cd 7EE
PRARES 15 M358 7 ft 4 Bl 75 + 33 Ph . Cd & 5 i3 m
MG 3) o MR Hb 135 Ph 75 5354 Physoo A B
&K, 430 207.37 mg-kg F15.76 mg-kg s AR HB Hh
3 CA iR Cdso A PR AR A, 43910 11.05 mg - kg™
F10.88 mg kg WK 4 /R, HEPE P B bl G +
18 Ph 75 S RN S BB I AR B Phisoo b FEAF P Ph R
ik 20578 pg - ke, B T H A AN FE ; Cdyo AN
Cdso bR Cd PR R i 34 B 2 = T A AL R (H &
ZIRTREES.

2501
a
T 2001 ‘I‘
=18}
g
ﬂﬁ% 150
S 100
2 b
Z sot be
T len [
a
0 [ b b Lo
CKI PbSUU Phll)()() PblSUO
HL— Ph 754 Single Ph pollution
157
— a
i
i g
as 9
35 b
=
]S e6f c
3
A~ a ; a
d b 4
0 =3
CK, Cdio Cdss Cdso
Fi— Cd {54 Single Cd pollution
[0 #R3#B Root O Hb I3 Aboveground

3 B—Ph.CAFREZERTIMBESRESE
Figure 3 Heavy metal content of Ficus microcarpa under single

Pb or Cd pollution
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combination Pb and Cd pollution
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Table 6 Entropy—weight of different indices of Ficus microcarpa under single Pb or Cd pollution
Ei=12 HEHR A= ) 4 Hi b E Ay MAEYE M 14 AWM B SR
Index Root biomass Aboveground biomass Total biomass Tolerance index N storage P storage K storage
A 0.1119 0.169 5 0.121 8 0.121 8 0.1354 0.1533 0.186 4
TESEAFE AR o BTMR A d K, HACE A 0.186 4, BTk 3 it

i /N TE bR R R AE Y R, EAEE R 0.111 9,
FH 2% 7 W] A1 Phsoo A0 B P 255 PPAN 18 £ 1.000 0, 7E %5
IR HEA B — , BA— Pb.Cd V5 gL /N AR K
TR W CIR LR B PE HEJF A Pbsoo>Cdio>CKi>Phio>
Cdas>Pbsoe>Cdso, BIFE £ 3 Ph 15 <500 mg - kg™ 5 Cd
<10 mg-kg B N A K E T ZEE R
i) AN B A, 7 Phisoo 20 B /N 38 17 1 F e

26 8 Al %, & 45 Pb . Cd 75 YL Ab FR/NHAA () 3b |-
TR AE W AR FE AR bR b DTk R e K, A
0.109 5, 5T #ik % e /N 6 bR kg 38 Cd 7 2, AR
EAL R 0.051 5. AR FBAIHY 135 Ph % & (1) AL (Y
KFARFR AL 5 Cd & S AL AE , 200 £ 389 ph
X /NI A% B 4 R CRE T s L Cd R . EE A
Ph.Cdi5 e, /N W e 4 R BE D 25 A P HE Y
} : PhisooCdso>PbisoCdas>PbioooCdas>PhioonCdso>CKa, B
PhisooCdso b FE T /INH-H 1) B 4 WOBOSCR e i (2 9) .

R7 B—Pb.CAITRABNHIFEN S HITMER
Table 7 Comprehensive evaluation indices of Ficus microcarpa

adaptability under single Pb or Cd pollution
FIMADERE S LGN AL

3.1 Pb.CdisZxt /NS E KB R0

A= ) R AR B B8 S IRAR ) TE 1 I 5 R
15 R R R AR AN [R] 4 R XA AR
S ) 1R (BN ], >4 PRI v i 4 Jag 5 i 3 I (L
S R AE R LT ZBME, AH e HRIE R
W], 5% & Pb . Cd B % {2 #F A A W) 21 5 K (Swida
alba) . KJER (Rhus typhina) . 5-Wl (Salix matsudana)
SR BB Y, Cd & N 10 mg-
ke BF /NI AR S XTI B 25 R, Y LI Cd>
25 mg- kg I AEARAR B AR ) i 25 AR 5 P Ak 3L %
IR AR e AR T ey SR O RCR X S R
AR ST 285 S — 30, 77 A R 1) Jt R AT e I o o
1Y Ph 5 7 A T /b T A AR (ROS ) ffi A% 47 A 440 ff B
R GAL , PR R X T A0 TR T R MR MORN S R
KA G W) (a2 b T REEE 1) R R A, AT e
MR RRAR TR AR K B2 ROS ot B A R A 4 41 i e &4
Ty 52 A5 T DI B A VA, 32 152 AR ) A K, B—Ph

R EA P CABRLMEBNHBEREEESBENGAITNER

Table 9 Comprehensive evaluation indices of Ficus microcarpa

b A B . - .
. i e ﬁﬂﬁ% Negative ideal ~ Comprehensive ‘ﬁF@ accumulation under combination Pb and Cd pollution
I'reatments Ideal distance . L Ranking
distance evaluation index T,
DI PEISVIH ZRAE P
CK, 0.068 3 0.078 1 0.5333 3 phEE ARfEREES e 2
Treatments  Ideal distan = Negative  Comprehensive Rankine
Pbsoo 0 0.1345 1.000 0 1 catments cal AISANCE  deal distance  evaluation index °
Pbiooo 0.0759 0.068 6 0.474 7 4 CK. 0.129 4 0.060 7 0.3192 5
Pbisoo 0.1188 0.0193 0.139°8 6 PbigooClas 0.0859 0.069 3 0.446 5 3
Cdio 0.059 4 0.0817 0.579 1 2 PbigooCdso 0.109 7 0.056 3 0.3393 4
Cdas 0.103 2 0.034 3 0.249 4 5 PbisooClas 0.075 4 0.093 2 0.552°8 2
Cdso 0.1326 0.005 7 0.0412 7 PbisoCdso 0.064 8 0.1115 0.6325 1
*8 E&Pb.CAISHAEEBNIEHRERNNEE
Table 8 Entropy—weight of different indices of Ficus microcarpa under combination Pb and Cd pollution
WA WL Gk WHE A0 B B RUBPD JLLIPD RIBCH BEWCI e (ooe
bR Wt A e RS o R o SR ik i it ;}; ) (/:\d/ )
Index  Root Aboveground Total Tolerance N P K Root Pb Aboveground Root Cd  Aboveground . .
. X . . ] accumulation accumulation
biomass biomass  biomass index storage storage storage content Ph content content Cd content
AEM 0.0869  0.1095 0.0980 0.0980 0.0768 0.0701 0.0705 0.0685  0.094 3 0.0550 0.0515 0.074 0 0.047 2
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Cd 5 Y X /N R AR A < 0 100 ok 4 FH 2475 35
(£ 3), X 5 %F BAT (Phyllostachys pubescens) . Hi 7
(Liquidambar formosana) WM 58 45 2 — (>, At
FEARL R IR, Phsoo 20 3 5 25 10/ AR R L LB IR I
T, X A AR SR IR 0 R MR SORR B8 B AR P H 4
Ja 0 T, NI B T 25 4 i X A AR i 2 35 VR
1M 24 Cd 7% <25 mg - kg™ B, AR 14 e 52 LAC o A b %
HELE S T, AT R R Ry - 48 19 4 R R S A
FRER LS CdCID) B fr A= e B 45 5, 3 i 171
I X il g A R 231801

Ph . Cd & G715 Y%t /N A8 AR 4 il 4 FH 9 T
s e HARER MK Pb.Cd EZ & 1594 50 mg -
kg Cd 4 FZH (PbiooeClso . PhisoaCaso ) /N AR FRAR 6 | i
AR A El CKG 4 S 2 B T T Xo) g A ] 5
A EL— Ph  Cd 5 YL Ab AR Lb X BE (CK O AU PRAR A=
Yy AR, Pb . Cd {5 X 21 (Rumex japonicus)
Az I R it 2 B HR A R A R, 4 P Cd TS
urfr NI X Cd L BCBBURK T 6 Ph R B R AT
Ui vk, X T RE 5 4 s B - 1E LIEFAEY) N 1 4 A TE
BAK, CAFA LG, M5 S5 HE T4
A WA AP T Ph I AR BR A B R A 45
KUVE , AW RNERAR s CAZEAE P At it v 22 LU 3L
BAEAE, 5 FiE% PN Z VIR T A RE A 5 is
2 HAFRA, A AR K AE P Cd & 575 YL 3
B2 P /NI A X R 2 I B R R
PhioooClas 20 FH 14 /N 45 0 Wi B I 185 T PhioooCadso
ALFR T PhisoCdas AEFR TG B 35 25 57 0 Witk F8 8 (T1)
S FRAEAH PP 1 T ELAE B, A A 0 4R
BRI E A e S TR R E AR T
e R SEARIES, B Phi5 Y b Ph S h
1 000,500 mg- kg™ B, /N AT 22 BB 2 Ph #5 ,
/NI A X Ph Y T 4 B 1T 43 1 AT 8 93.87% F
130.07% (KT 60%) , J& T Pb i 2 PEAE P, [F]
B — Cdig e 3 Cd &5 10 mg-kg "B, /N
FAXF Cd B T PR 36 550 T1 7T 15 89.24%, J& T Cd = i 52
PEHE W) 5 PhioooCdas 20 B Hh /)N 475 1) T 4 5 %5 Ty
87.03% , HAT Wi 32 1 o A 5% 45 S 0k B /N A k)
TPb.Cdi5 g HIEHRABERIBER T .
3.2 Pb.CABFITNHBEREEEEN M

R Z SR M) o S fioh 4 398 4 T IR 4, e
W W G R 1 OGS T, AR 4 Pb L Cd
AN F B TR R, HiEE T3 Pb .Cd &
SN2 G A X5 R Ph A | 4R

1% WHART]

S fpsami 07 DL Je e dx R G L3 Cd iSRS R 7
HLAHIWF I 25 R — 5, 48 1 A 15 Yt L7 o0
25 A0 AH AR AT 5 0 R A ) R G R A R AR SR AR
ST H , 7E PhioooClos 20 FEEE Al |, 4331 384 T £ 358 Ph |
Cd 75 1 5 25 38 fin /N s M S i 4 Ja % o, 1 X
TE AR RO B, X AR T ARAAEY
3 o AR 200 B 1 4 AV SE B EE 42 S Ph Cd Y
£ /D LI A B R X M B R B B S AR
A X 4 T 2 3t T R R H R A R B
FURTE S B AR I HP, 5 PhiswCdas A B
AH LG, 3G 4338 Cd (89 75 & (PbisoCdso) 23 25 38
NI b P Cd 5 i, AT RE R RSN A
Pb Cd & 2o S A5 /AR AR RO H I RE 2 Pt Kk 2%
X EE 4 i R AR

TRk SFOESE K& B Ph  Cd & A ke T 3
Cd M T W (Morus alba) %t Pb B Wi , A & 1Y
Pb(250 mg-kg ™) fiE ik T S XF Cd AW, -4 Ph
A G  EsF V)B Sh B VE FE 5 ER SE RS R IR P
Cd & A 75 Y 54 F WRER (Quercus acutissima ) 55 TRV
X Cd e W AC AR B4 i 4 - 398 P 55 8 1 3 n i 3, i
Cd {2 SEFRARAR BT Ph IR R, il B %) Ph
PRI B . ERHE 5 AR A AR, A0
oL fE P . Cd %45 1500.25 mg kg B, /)
AR T Ph )RR 2R ik B e KAE (78.18 pg-kg™) 3G N
Cd 7 52 0 25 S il /N AR 6 Ph W B 3R, 6 B
FH4JE Pb . Cd Z B 38 BAE R SHPR2EA X,
3.3 INHAERE Ph CA T RMENEFRIES BB
F1F 3

T S V5 P R IR A R A R R E A
JE&FEAE R I B S J5 UE AR BRIE i 2 Fhot 2 L AF i &R
Al HL, E Y - A S R R
H L5 e AT RS BB R S 2 R R 4
J& FEAES T A 1 A TS Y LA T

AW FEARIE /NS FE B — T A B TS e P B 3R
A ROR B RS AR Wi b 3R | AR Wi
PEFEEL B IR0 R X HAE B — Pb  Cd 15 YL i)
B3 L PE A TER G VRN s RS /N R TE S S AR TS
Y 88 3 A R B 4 JE T Dl (RS Ph
2 EF PSR RS Cd S b B Cd 5 i P
FUE R CAR B ) X HAE Ph . Cd R A5 551 F
W 4 IR e it T4 A0 . B—Pb . Cdi5 e,
2 BEAFE bR o1 Bk A (BCE ) K/INHE P Sy B i >
R LA > G R MAC > TR A = A > . B3 A
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Py > AR A 0 U I A 0 RO B R LA S /N A
T P v 1) 2 R A R T, 5k mT BB ph T Ak
1 e o S AR, S B Y AR K 2 BB . Pb.
Cd A5G, 2 EEATEAR DTS/ NHEF Ay B3
A>T AR Fie= B AE Py i > B P 5 > AR TR AR
Py > A WS >Ph R B > B I AT T > B W AT Bt > AR
B Ph P HESHLER Cd 5 > H B Cd S >Cd FLUR R,
FHRE P A= i S /N A TR SRR R 4 s Y R R
il L=, T ek e 0 4 S o 2 0 A A i
LAY SES R B R Z AR R, A0
FEH, Hi—Pb  CAT5 QI ZR5 T R B/ N A 1 458
Pb % 5 4 500 mg - ke B35 W 4 B 4, Pb . Cd 2 A 15
P B 255 TEAN R B /N FE E PhisoCdas 20 B H 5 42
PR ) ok, AELG ) /N A A 2 R IR 23 e 3R T
WXz 20, Rk, NS S FIE S P i A
i 1000 mg- kg 5% Cd & # AT 10 mg- kg™ (75 42
3%, 8 Pb.Cd &4 HIR T 1 000,25 mg - kg™ [ HE
GBI A Y 3 SR T DUBRIE /N I AR K R
T 1 7] st e K B e R A 39 v ) 4 )i

A G AFAE— 22 1 S5 R, J T — Fb - 3 2 7
(BR YR RD 5 AR 21438 ) 1 2 AR R 58, 2 B Cd &3 /e
FARLFRXT Ph I , (0 25 48 JE AR A b1 B X P A I
W F TN R 4 A IR IR B 3% - RS R 1 5
M, AR 25 SR 2 A5 38 FH At 398 7575 BE R S 5T
TERH o ASIF ST B00d 5 24500 2 70 8 0 ) i 0 45 1R
AR, R A 3 OISR AR
25 NN R H B P CAT5 B W I RS
FEARIR A — 3, T 2S5 A5 rp R 7 30 AR
ATTIE .

4 it

(1)H—Pb.Cd {544 H, 24 + 3 Pb 7 5 <500 mg-
kg B2 E /N RR AR K SR A B, S B A
FHIVEF 510 mg- kg ' Cd AbHEXF /N A5 AR K K B 52 1)
ANBIE, 2 Cd 5 25 mg- ke BRI MRAE R A H
ZH) i E I

(2)Pb . CA A T5 Yt , /N R Cd P A BUR%
%t PRI RAF APtk . Cd 230l /i A A
TR Ph W, {H 25 4 2 Ak B 3555 Ph Wl
M Ph Xt /N4 R T 1 - B Cd TG (2 35 5

(3)BAL TOPSIS 12 B Z5 5 PEA 45 SR Ji /s /I A
1E 3 Pb & 2 4 500 mg - kg™ Ab A 3 1 P AR, i
HBE 3P Cd & 573K T 1 000,25 mg-kg™ /Y
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