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Effects of Spartina alterniflora invasion on enrichment of sedimental heavy metals in a man-
grove wetland and the underlying mechanisms
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and University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Aims The cordgrass Spartina alterniflora is one of the highly successful invasive plants in coastlines worldwide.
Although the S. alterniflora invasion is threatening mangroves and the increasing heavy metal pollution of oceans
and coasts are of growing concerns, especially in China, the effects of S. alterniflora invasion on the enrichment
of sedimental heavy metals in mangrove wetlands are not known. The objectives of this study are to determine the
effects of S. alterniflora invasion on enrichment of sedimental heavy metals in the mangrove wetland and the un-
derlying mechanisms.

Methods We investigated differences in the contents of sedimental heavy metals, including As, Cd, Cr, Cu, Ni,
Pb, Zn, and Mn, for two pairs of comparisons (unvegetated shoal vs S. alterniflora monoculture and Avicennia
marina monoculture vs A. marina + S. alterniflora mixture), and their relationships with environmental factorsin
Zhanjiang Mangrove National Natural Reserve, Guangdong, China.

Important findings Spartina alterniflora invasions in mangrove wetlands increased the contents of sedimental
heavy metals, with the effects being significant on Cr, Ni, Cu, Zn, and Mn. The intermediate level of pollution was
only detected in the sedimental Cd. The presence of S. alterniflora resulted in enrichment in the sedimental heavy
metals in the mangrove wetland in Zhanjiang, but not to the degree of concerns for contaminations. The contents
of sedimental organic matter, total C, total N, total S and total K were strongly related to the contents of sedimen-
tal heavy metals in the invaded mangrove wetland. Ultimately, the dense above-and below-ground architectures of
theinvasive S alterniflora likely play apredominant role in causing enrichment of sedimental heavy metals.
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A=Y N5 (biological invasions) 4 19584 # IF X
FEH LR, — B RV F/A 5 F 5T 4 5 (Elton,
1958; Tilman, 1999). A=W NIR&i& 4= B3RV 2 4
PR R — A FER R, IR RT A Bk AL
(habitat fragmentation)(Mack et al., 2000). [ 4= Fk
FRe A mz, g, AN 2B,
Ik 5 HAth 23R AL R R — i IL 7 42 5 BRI R
kK (Bradley et al., 2011; Simberloff et al., 2013).

H.{¥ K H (Spartina alterniflora, 3 44 smooth
cordgrass. Atlantic cordgrassaisaltmarsh cordgrass)
Fe RABKEL & (L4 58 ) — M 2 AR AL B,
T WA N AT (E WSS, 2006). REIEA AR
55 HLAE K FLIF AN 2 Y5 T 56 I K VG 75+ (Bortolus
et al., 2015), fH 2T HRE N Nigte, HALKE
CAY S IRE K2 Bufg A, JCHAET E, H
I3 AT G J LTk A 2R e i (£ 4S, 2006; Chen et
al., 2009). H{EAKEN H AR A B A V) L ER AL 2
TEIRM A X RA R RN . BACKEIEEERN
AR TTRERIE TN, A A8 i A 7 ) A Bk )
fediiEFlipe /o e B R m N R AEBTA WL A R
(Craft et al., 1999; Chung, 2006; Liao et al., 2007). §.
TEK B 7 B RS F R IR 2 OB N2 A2
B RGOS, DR, B0 K AN AT 8 At 23 60 A\
R IXAEYIX R bl — € 12 BE B &2 (Chen et al.,
2009; Li et al., 2009).

41 # Ak (mangal/mangroves/mangrove forest)
Y ATAE R WA R AT L A2 UK R IR IR
IARAFE V% (Kathiresan & Bingham, 2001). 2144
WS BACKEE B A A A E A, 4RI E
TR EEN NG, LIRS0 222 B H AR A
B WHTCRM EAEKELL 2 LMD A E
0 R LT LY PR L B iR R TR A 7K R R S PR ) B
FEATHORE 7D, AT REAE ZL R AR 3 ol i, O
X LLR D TE B 35 58 A, S AL 40
PR BB R A K (24, 2006; Chen et al., 2009;
Zhang et al., 2012). LA 1 HAEKE N IR LR AR
FUART 55, =5 B Gy H 40 AR AR SR A A AL
W AR AN AT A 22 R A 14 52 M (BARASURN 25 e B,
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2015). FiAT, WA AERigE T 4 JE 15 G R I8
(Isam & Tanaka, 2004; Pan & Wang, 2012), 4341
TR T (2D MRS v B S 2> 2 Bl i s . 164,
BTN 2T BRI HE 2R G0} B 4 & o s BAR RN A —
Z 57T (Banerjee et al., 2012; Fonseca et al., 2013;
Zhang et al., 2014). {H /&, BB EAEKENR &5
2> RO 2T AR M TR A7) 4 1) RABE AN B
FHOGHIF R 20T B B AR K B A 15 5 21 R AR b A [
AMEDBEERTBES RS EER(ERE
&, 2008), HAE R ML EACK BN AR 5 15X 204 Bk
TR TR 4R AR SR

AR P — 22 S SR, FRATTTE ) AR VL AT Ak
B R JH SRR X, BB A R L AR B8 (e BLAE K
BRI AE BT H A B KN AR 7] [X 5k (R 2 2R
B8), BRI AR K B N AR R ZL R AR b T AR
VI &R RF SR, S BRIV TE A O
HUbl. FRATTEORT 7T B T 3830 i R AR N R 2
NFERAR, LR AR E 4B IS Y B 58
ST BRI Y5 1 TR A B LA R T R A T AR AL
BHIRHEIR S

1 #RlFE*E

11 HHIEE

J7 AR YT 200 AR K ) SR AR X (109.67°—
110.58° E, 20.23°-21.58° N)#HAi T #AN T M2 5
(Leizhou Peninsula). fR# XT3 H23.8 C,
A HTFYWRIENLT2 C, P KEIRE AN
23.7 C, &FJFE. FFF/KEL1500-2000 mm, FF
KEFRTEFEE X . W% RN A 4 H
(mix diurnal tide), #%%12 m (Zou et al., 2008; [
S, 2010). | ARV AR AR E & 4 E SRR
[X F-20024F 4% 51 N [E i Hh 22 2 (The Ramsar Con-
vention) 4% 3%, RN [E Br 1 5 B AR ) £ RETE AR P
X35 o

BATEIFE L B AR R P LR E X 9 H
IR XA O X S X, mbe i XA B AR
X R AR B R ORAF B B I I R AR LA AR . 7 1
MR X, S8 30 v P g 1 i A A TR AR AE A AL A ) R
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(unvegetated shoal). HEFHiE(Avicennia marina)ff N
vik=x/ b N IS 0 N T TR Al 1 S 272
(Zhang et al., 2009; Chen et al., 2015). k4120004 fi
o, AN RAE) B AE K B 51N B = M 1A AR i
(PRI HEA S 4K, 2010), 58K FI AR BE J 48 HR G
rH S SR IR BRME . A, HAEK A AR 2
I HEMEMRAR G, T R 5 B IR A T

MR SCH g O, FRAT B R AR —4
RMEUS) S H ALK E /(S alterniflora mono-
culture, SA); 71— 2 HEHIME(A. marina monocul-
ture, AM) 5l i+ B ALK IR AR BEVE (A marina +
S alterniflora mixture, MIX). F&ANEVT X 4T ¥
Py 5 Rvir iy, WA B YA K SRR
Z5, AT 2015417 11-25H R&ERE M. B
BN E 4110 m x 10 mEE R, &7 TH
Faa /050 m, BERAE SRS . BT A RS AR TG
WA, B [F IR . A TS S R A AT LT
P, R —XF bL A R P 2R AR 355 5 it R 4 1 R S A ) o
1.2 tEHIAE

TERANFETT NI E I RRE . BE. ks
FE 76 B LR RA & (FE AN 7 BENIAZ A
K B8R 50 cm x 50 cm x 30 e R (TR AT A,
VEHR R, T EMREE), FAZBTRRY T
OB 2R, FLS AR 2R R M R, FRAT
DARR SR AP M i S AR R B . W S RR AR R
PR AL AR AAE 3R %% S B B AU SRR I (R
BRI 5 R 7 T AR B E 9 & F AL
1.3 RYIRESNE

FERAE R/, BT BEALZ 104 o8
(EA%£25 cm, 30 cm)iR& B— MIURRRES, A
AR R OO RE I S B AR DL AR, MR DT HL
INRAFE, i (7] S e %= I E M ER AL 2B M

£+10 gt AR YT T-25 mL CaCloiaik, FHpHlE

1% (Mettler Toledo FE20k, Fisher Scientific, Pittsburgh,

USA) I E pHAE - DAY 25 3 FH A vHE L 1 =k
JE ;DU WKL A% B ) RE 428 23 AT A (Mastersizer
2000, Malvern Instruments, Malvern, UK)ill € . TR
YAtk A5 A H 42 3 370 25 0 AT (Elementar
Vario EL Ill, Elementar Analysensysteme GmbH,
Hanau, DE)IE; UTARYIA HLH S A BB S &5
HriX (Liqui TOC, Elementar Analysensysteme GmbH,
Hanau, DE)lE . VAR A5 A1 48 5 0 v i

{X(MARS, CEM Corporation, Matthews, USA) fi#
AL, T AR & S S R R OGS X (NexION
300 ICP-MS, PerkinElmer, Waltham, USA)Jl5E . A
Y)E S JEH(AS). HE(Cd). #%5(Cr). #1(Cu) H(Ni)-
Hi(Pb). EF(Zn) MR (Mn) 5 RO MG, A
PR 2 55 10 1M R 1S {1 (NexI ON 300 ICP-MS,
PerkinElmer, Waltham, USA)ll & . JTF4) 5% H
S30K i, 51X (SevenEasy, Columbus, USA)JI 7€ .
14 HIRSH

Rt A A5 4 G b A 35 v AN A 35 2 TRD R
53 R ¥~ (UUAR P BEAR 8 ot 5 A A AR AR ) S DT RR Y B 4
J& B ) 2 5 o IR 3R T 22 40 A B A A AR B )T
MYESRSEMNES . HZ 03It Ui
VIE &8 ST B A RFAE L, F B1UE A
T VTR E 4 )8 A RRE S5 A R AE 2 8] 1R 9%
#o G HriFSPSS 20.0 (SPSS for Windows, IBM)
BATERIES . R R T E N AR EEE ST .

2 R

2.1 EMWIFIE

M MEMERE VR P s (PH) . J2 EARFE(C)
THYIR R A )5 (RB) BLE 3 =y TR AEBFIS (p < 0.01);
JRE AT M T VR ) A AR 2 RS (PD) H . IR TR A R VR
(P <0.01). EACKW ) _F R A U RRAE 2 35 T R
(p < 0.01)(£1).

22 IR

HACKFEREVR DU LR . FRiLb ). AL
R A, &R . SlAemsERES T
RRME(F2), MR E SR LB EERTHEME@P <
0.01). VRABFEMVIRERE . kI Bl. pHIE.
AR, AR SRS R L TR
T 25 56 0 42 SIS T MR E R V% (p < 0.01) .

PATPR DURR A B AL 0T 55 48 M R AR AT B D
[FH T (K3). 5 R BIN, MK FE(PD)XHTFY)
AR, A W, AP, FE. . pHEME
WL B A7E 5535 (1 TR 2808 (p < 0.05) HE Ik 5 5 (PH)
SRR . 4hi. A8, SRAEHRL L GIF
13225 1 IR 2N (p < 0.05).

23 MBEYIESRTRERE

HACKEREEUORAYICr. Cus Niv Zn. Mnff
SEEDERSTHME@DP < 0.01); FFEK, RARE
DURRY) FIR 4 8 o 3R 10 B F 3 e T e
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Fl WAL ELAE K BN AR X P 0] LU A B8 AR AR AIE
Table1l Vegetation characteristicsin two pairs of comparative habitats in a mangrove wetland invaded by Spartina alterniflorain Zhanjiang, China

A8 iy FR AL b TPIREVE S5 HHEAE Plant community characteristics
Habitat Geographical location - -
e P4k P bk e R
Mean plant height (m) ~ Coverage Plant density (ind.-m™) Root biomass (g-m™)

B Unvegetated shoal (US)  109.78° E, 21.51° N - - - -

HACKE 109.77° E, 21.42° N 1.16+0.01" 0.91+0.017 4255+ 056" 1165.77+151.25"
Spartinaalternifiora (SA)
HEHIME Avicennia marina (AM) 109.76° E, 21.52° N 1.58+0.03" 0.88+0.01” 0.33+0.02” 1685.82+ 6367
HAEK 109.79° E, 21.49° N 1.25+0.08 0.56 + 0.02 22.00+ 0.29 1176.04 + 125.72

Spartina alterniflora +

Avicennia marina (M1X)
FNHT AT IAERAN ERR TP EShRHRZE . ** FORRRAI A 5T AT R BRI 3T Rkt B it t- R 3077 7E M i 2 22 R (p < 0.01).
Values are means + SE for four plots per habitat. Values in columns followed by ** indicate significant differences in each comparative group based on
paired-sample t-tests (p < 0.01).

F2 WL EAE KB NAZ X P 20T L A BE IR W B AL 2 P )5
Table2 Physicochemica properties of sedimentsin two pairs of comparative habitats in the mangrove wetland invaded by Spartina alterniflorain Zhanjiang, China

455 Habitat 4 Bulkdensity  #h/¥ Sdinity (%) R Sand (%) L Silt (%) Fhki Clay (%) pH
us 1.44+0.02" 8.75+0.34 5.42+0.13" 90.46 + 0.38 2.67+0.28 6.62 +0.02
SA 0.65+ 0.02 2929+ 1.07" 2.08+0.08 89.53+ 0.53 812+ 053" 6.58 % 0.03
M 091:003° 1543£051  256£013 8690176 631x10l 643£002
MIX 0.61+0.02 3350+ 064" 2.38+0.08 86.14+ 0.75 10.80+0.76” 6.52+0.02"
485 Habitat AP e A ER e KR

Organic matter (%)  Total nitrogen (%) Total sulphur (%) Total phosphorus (%)  Tota potassium (%)  Total carbon (%)
us 1.01+0.03 0.06 + 0.001 0.170.01 0.015 + 0.000 0.42+0.01 0.65+0.02
SA 215+ 004" 0.14+0.004” 0.36+0.01" 0.031+0.001” 0.69+0.02” 1.48+0.03"
M 223+006 012+0002  041+003  0019+0001 059+001 1554004
MIX 240 + 0.06 0.15+0.004" 0.41+0.01 0.032+0.001" 0.69+0.0.02" 1.62+0.04"

RNEF NGIES AN B R TT WP RME AR UER 2+ RIS EG A 55 (KA B4R H ) 56T O B8 St R 00 A TE AR 0 35 22 3R (p < 0.01) o A1 FIR 1,
Values are means + SE for four sedimental samples per habitat. Vaues in columns followed by ** indicate significant differences in each pair of comparative
habitats based on paired-sample t-tests (p < 0.01). See Table 1 for information on habitats.

F3 WL MBI EALK AR X YT B R AE S R RHAE 825 [ A 43 BT
Table 3 Relationships (by stepwise regression anaysis) between vegetation characteristics and physicochemical properties in the mangrove wetland invaded
by Spartina alterniflora in Zhanjiang, China

FR4L 1R Physicochemical properties MM HHE Vegetation characteristics  p R [E]J4 772 Regression equation
HHLF & Organic matter content (Coy) PH <0.001 0.848 Cowm = 0.89PH + 1.09

2% % Total nitrogen content (Cry) PD, PH, C <0.001 0.923 Crn = 0.001PD + 0.08PH —0.07C + 0.06
4% & Total phosphorus content (Crp)  PD <0.001 0.689 Crp=0.0003PD + 0.02

4B & Total sulphur content (Crs) PH <0.001 0.860 Crs=0.16PH + 0.18

42474 Total potassium content (Cr¢) ~ PD, PH, C 0.001 0.903 Crk = 0.05PD + 0.21PH — 0.19C + 0.42
A4 5 Tota carbon content (Crc) PH, PD, C 0.047 0.887 Crc = 0.58PH + 0.005PD + 0.67

%% Bulk density (BD) PD, PH, C 0.001 0.961 BD = 0.68CC —0.014PD — 0.71PH + 1.43
A Sdinity (Sal) PD, PH, C <0.001 0.939 Sal = 0.006PD + 0.25PH — 0.38C + 0.91
pH PD, PH 0.022 0.608 pH = 0.003PD — 0.122PH + 6.62

Wk LE B Sand ratio (Sa) c <0.001 0.837 Sa=511-341C

FrbiLb ) Silt ratio (S) PH 0.03 0.295 S =90.55-2.31PH

Fikitbtl Clay ratio (Cl) PD, PH,C 0.003 0.807 Cl =0.15PD + 9.48PH — 12.97C + 2.74

PD, THARERE; PH, MRS C, .
PD, plant density; PH, plant height; C, coverage.

%(p<0.01). JIFWIAs, Cd. FPOII&REAERAX  HACKERVE AN S5 B ALK RR A BEE DR
AR IS HS A B 2 7 (K1), VIE SRS RS T, HHCr. Cu. Ni. Pb,
BRI BT ZE A HT S R B OR (R 4), 1 NEMERETE ZnFIMNE & = T#ME(p < 0.05). A, K1 Pb.

www.plant-ecology.com
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R B 2 T S A At A 9 A7 AE AR 2 35 22 57t (p < 0.01) . ZE B[R] K 1.

Fig. 1 Contents of sedimental heavy metals in two pairs of comparative habitats (mean + SE) in the mangrove wetland invaded by
Soartina alterniflora in Zhanjiang, China. Vaues in columns followed by ** indicate significant differences in each pair of compara-
tive habitats based on paired-sample t-tests (p < 0.01). See Table 1 for information on habitats.

R4 BILAMME EAEKEANR KA ERIE M E SRS &
Table4 Contents of sedimental heavy metalsin four habitats in the mangrove wetland invaded by Spartina alterniflorain Zhanjiang, China

AN Hebitat fif As(ug-g™) %8 Cd(ug-g™?) # Cr(ug.g™ % Cu(ugg™ % Ni(ugg™ # Po(ugg™) % Zn(ugg™) % Mn(ugg?

us 1664390  1.29+0.77 2341+045° 589+035°  334+340°  2854+141° 27.80+052° 64.21+154°
SA 1591+242  150+041 4517+117° 1249+ 051* 1258+253° 3330+183° 5407+158 87.58+4.17°
AM 1559+321  1.43+048 35.42+090° 9224033 540+292°  3752+134° 4195+149° 67.82+536°
MIX 16.13+3.36  143+0.40 4633+099° 1272+ 041*° 1492+448 3409+217° 56.66+140° 86.15+3.35

RNEF NI RAN EERETT P E bR ME IR 7 . T R F BROR SRRV E SR 5 BN T R R R E A EREZR (P <
0.05). AHEFIFRL,

Values are mean + SE for four plots per site. Values in a column followed by different letters are significantly different based on one-way analysis of variance
(ANOVA) followed by Fisher’s LSD tests (p < 0.05). See Table 1 for information on habitats.

doi: 10.17521/cjpe.2016.0338
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AsSHICdZ 4, HAGKBE AT IR H AL E &8 &
B T AR 5 (p < 0.05).
24 BEEBRIBIEFRITMN

FATR F Hb 5T AR R BOE T T AR VL L0 AR
B X KBRS X e v X DT 4 R 15 Yeas
AT VRN (2 M98 4E, 2008; HHEFA%E, 2010; D5
& 2012).

| =log, (C/kB)
A, DhESE R R 8(ER5), CHIZE S
JEAEDUR R S B, B % E & R 70 2 Hh 1)
P HERAE S A, KRR A E v RE 2 5
EC ) B AR B %€ 1) 5, — RHUE N L5,

e FRTHE AT, FA1 M E AT
VIRV EEECERNE, R R AR ES 2
AR MM (£6). 4R B, VIR ESR
W T CAfTE Gk 1 A BE (1-2), HAmAR A

®5 ERIGRFLITH bR
Table5 Heavy metal pollution level and evaluation criteria

M5 9 < 0).
25 MIAYBEUMRSESETRZRAENXA

W DT 4 8 o 3R 5 DU W) A 384k M o
HATHR T (3R T). YIFICr. Niv Pb. Zn. Cu
FMMnB) & ESTTRPAENIR . 4k, 2% 2.
S (RPORIMNAR) . 440, R AR L B3
MIIEAIR R A (p < 0.05), SHMRLLLAIAN A B AT 225
[ 4 AH 9% 9K & (p < 0.05)

DU AL M R S A R n R LR IR A
AE 1 B HL R 4 8 70 3R R AU AR A R FE A FH A
%, RORUURR B R 2 2 E A Bl . 5
&, BTV E SR TR & B S REET 2 00
(515 73 BT (K8) » AR 25 FE X TR B 42 J8 T R Crs
Zn. Cu. MnAINif#7E R 2 1) 1ERN (p < 0.001); #H
MR E BT U B 4 B o R Cr. Pby ZnfICUf#1E i
FZIIER N (p < 0.001).

VYRR I BpE {7 B )i 3 i i e
Pollution level No Mild Partial-moderate  Moderate Partial-hazardous Hazardous Severe
25 Level 0 1 2 3 4 5 6
ZEREH Accumulation index (1) <0 0-1 1-2 2-3 34 45 >5
6 WL ELAE K BN AR DX € RO TTRA ) 2 4 s 0 3R (75 e S 0K P

Table6 Pollution levels for individua sedimental heavy metal in the mangrove wetland invaded by Spartina alterniflora in Zhanjiang, China

5% Habitat i As 4 Cd # Cr il Cu NI # Pb B Zn Hi Mn
#iE US -0.80+032 0.92+0.21 -199+003 -355+009 -237+040 -0.86+0.07 -240+003 -350+0.03
HACKE SA -0.70+£024 127+011  -1.04:004 -245+006 -113+0.08 -064+008 -144:005 -3.06+0.07
TFHEHE AM -126+057 115+0.17 -140+004 -288+005 -265+034 -045+0.05 -1.80+005 -346+0.11
AR MIX -122+066 1.21+0.11 -1.01+003 -242+005 -091+012 -061+0.09 -137+0.04 -3.08+0.06
B Tota -1.00+023 1.14+0.08 -136+006 -282+007 -176+0.17 -0.64+0.04 -175+006 -3.28+0.05

RNET I TAN ER IR P S Ebr R 2= . SRR L.

Values are mean + SE for four plots per site. See Table 1 for information on habitats.

R ILLMMIBH EADK N R XU E G 8 o 51 & B 5 B AR R G
Table 7 Summary of Pearson correlation analyses between the sedimenta heavy metal contents and the physicochemical properties in the mangrove wetland

invaded by Spartina alterniflorain Zhanjiang, China

L5 Physicochemical properties fit As & Cd ¥ Cr i Cu # Ni # Pb £ Zn i Mn
HHLF & Organic matter content (Com) -0.100 0.201 0.886" 0.863" 0.703" 0.729" 0.880" 0.560"
2% % Total nitrogen content (Cry) -0.094 0.405 0.980" 0.963" 0.838" 0.607" 0.973" 0.732"
x4 & Total phosphorus content (Crp) —0.060 0.249 0.950" 0.961" 0.932" 0.339 0.957" 0.398
45 Total sulphur content (Crs) -0.020 0.179 0.779" 0.747" 0.589" 0.712" 0.774” 0.812"
4244 & Total potassium content (Cry) -0.059 0.214 0.990” 0.974” 0.848" 0.580" 0.980" 0.782"
4t & Total carbon content (Crc) -0.120 0.223 0.876" 0.853" 0.680" 0.737" 0.868" 0.534"
7 E Bulk density (BD) 0.043 -0.154 -0973" 094" 084" 0527 -0967" 0790
)% Salinity (Sal) -0.024 -0.150 0.956" 0.955" 0.943" 0.331 0.960" 0.855"
pH -0.059 -0.226 -0.238 -0.217 -0.007 -0623" 0237 0.268
kL] Sand ratio (Sa) 0.150 -0.107 -0904" 08707 -0679° 0647 0886  -0662"
HHRiELBl Silt ratio () 0.398 0.234 -0.426 -0.430 -0.378 -0.586 -0.417 -0.230
FkiLk ] Clay ratio (CI) -0.281 -0.017 0.898" 0.981" 0.868" 0.497 0.895" 0.776"

* FRORHIRNE B K H0.05, ** RIRAR K R 35K F50.01.

* Correlation is significant at the 0.05 level, ** correlation is significant at the 0.01 level.
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8 WL M MBI ALK N XU B 4 )8 0 R & B S PRIEE A B A 5B
Table 8 Relationships (by stepwise regression analysis) between the sedimental heavy metal contents and the vegetation characteristics in the mangrove wet-

land invaded by Spartina alterniflora in Zhanjiang, China

HEJEIUE Heavy metals HIHFE Vegetation characteristics  p R [{J9J7#2 Regression equation

i As - - - —

4 Cd - - - —

i Cr PD, PH, C <0.001 0.901 Cr = 0.44PD + 19.31PH —21.40C + 23.72
il Cu PD, PH,C <0.001 0.855 Cu =0.14PD + 5.66PH — 6.51C + 5.99
#ONi PD <0.001 0.573 Ni =0.22PD + 5.44

Y Pb PH 0.001 0.509 Pb = 5.00PH + 28.39

B Zn PD, PH, C <0.001 0.909 Zn =0.58PD + 26.16PH — 31.22C + 28.09
i Mn PD <0.001 0.630 Mn = 0.55PD + 67.47

PD, TR, PH, fHHEE; C, ffE.

PD, plant density; PH, plant height; C, coverage.

3 1ig
UK, AR, Rl I AR

JaIY, YA RIS g A PR e B < B 5 G ) Rk ok

IR, B S F TR SR ZUSGE (R, 2008;

fts4%, 2000; Piazzolla et al., 2015). H.{& K& K I H

eI i BE T TR iz 51 Rh B 2 1 £8 VR A,

ZLR AR AR B (18 A A7 25 () R 05 4 2 AN 1] 3 A
Hi £k 2 (Chen et al., 2009). ZLH R4S R 4t
X H AR B 4 BRI E F COA M 24 A AT AL
(Nath et al., 2013; Usman et al., 2013; Zhang et al.,
2014). FfiE HACKER B, &SR 5 A e
PEARAE SR DRI B 48 e = 1 RAUERR AR A
R TT . AL LA T R B, ELAE K AL RE
BRI R Y% 5 4 T R A BN

HEMPAENAEN BB TR EDE LN
N B2 R B L (Clemens et al., 2002; Rain-
bow, 2002; Nagajyoti et al., 2010), F&AI 18 7T &KL,
KB AFAE L R 035 B L AR SR AR 4
B RS E. Y IR E SR TR BN
RSB E BT Y B S Y. R AR
25 (Zhang et al., 2009; Yadav et al., 2015). 1E4)
[P HE AR R % SR R AW ke TR E 4
J& E AR 4R i T (Caetano et al., 2008; Li et al.,
2009; Rashed, 2010). SR AR I, TEREVE/KEH
T K BT UK P MR 25 P RO b o BE U 4 R
TLRGEAREMIERN. —JH, Bk EE &
MUY ES B CR RN EERRE. 5—J7m,
DURRY) 4 J& o0 3 AR TR A WA B S )
KT AFLE(Peng et al., 2009), FAITH 45 5 HiE 92T
M E SR SR AN AR T L2t

FRAT B FAA 5 48 B ELAE KB TR A LA
Jii BB A7 TR 2 3 M 3 AE FH (Craft et al., 1999;
Chung, 2006; Liao et al., 2007), MifilE/ #2857t
FUW 4 8 o3 1) SR A
BATEE RE TR, A M AFEE AR TTRY)
AR A R AR E LR A AR B (R, 3R
TEYIAFAEXS DU B 4 8 R — e R B (e it
REN o BRI, SR ARG DR 0 5 4 i B AR AL
RIAEEZE S . HACKELJEARAFRHEY), LM E
5 1l N A S B R R R A TR (Ca M ) (TR 4
2006), fi H R I H AR = R DI Y E &R B
(FIBE 7o B AR 2T RRAEL A (L Vi A0S )t s e ) (i
DU 48 B AIAE JJ(Usman et al., 2013), {HAH
ST, B A 0 B AR S DU 4R
SRR R RRURLIZE KT [ 43 A DX P R R A R
(EREWI SOOI ALY 8- AL YN e e S
AN i T e, XTI A S GG 1 4
Frite FRATHEN, R A AR s R )
ERVIE S RSHERMIIBYES B RS E)A
FEAR T, N A SR AR K B G e 55 1 2R
Al e AR IEANE]E YKo
E, $THACKEH AN ESE TR Rk
JI(E AR T LR FE P WS ME), w7 DURE AR A
megEEmM, HTELERBHRERBE TR
(Nawab et al., 2016). {H5 & H| B ALK F R IMSRAR
B, T ELBTEYHORE 7 AR, BRI M DL i (R
&, 2006), A B AE K ] FH 0 R

4 g
T RS AR B K 2 B AR AR 37 X A% 0 X
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FHF R IX, AMREAEKRERANR, BRI
Vb REHEERITRN TR, HENAL ST
R SRR AT e B B E AR B R AU AR
HeRARWEEREK. SREY BT R
& B RBUNIE 582 B 2 MBS Y e, BTt
FX TR E RIS 8. AR LUK SR AR
KEMTESRGRAEMEE TR, HESHNH
PARKVEREHET, I H 2T R 2 i B K=y
IR AL 5 T RO

EE&MB “t=-&a” BRALLETRAE
(2012BACO7B04),

gt Aasty AT E KA AR RE
FIMR T e 2 i Ae i B A5 BT AL dg A4 B 6 BE L P,
ABP BAF A s i) B SR . RAF. TR
F Falh i 32t RAVEF I RAE AR G900 ) 2 F5.
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