Chinese Journal of Ecology 2016 35( 10) : 2738-2744 DOI: 10.13292/j.1000-4890.201610.025

100101; * 541004
510006; * 459000)

Pb (CK 10 mg+L" 20mg+ L") 18

o :Pb Pb Pb
; Pb
(P<0.01); 20 mg-=- L™ Pb
8226 mg * kg™’ Pb 50 mg » kg™, Pb
(P<0.01) Pb Pb
Pb
Pb o

Effects of lead stress on tolerance and uptake of different wetland plant species. YANG Jun—
xing' HU Jian' GUO QingH§un' WAN Xiao-ming' SONG Bo® GAO Meng” GU Song—pu'

GUO Jun-mei' LI Zhendi* LU YiHfu' CAO Liu* ( 'Center for Environmental Remediation In—
stitute of Geographic Sciences and Natural Resources Research ~Chinese Academy of Sciences Bei—
jing 100101  China; *College of Environmental Science and Engineering Guilin University of
Technology Guilin 541004 Guangxi China; *Yantai Institute of Coastal Zone Research ~Chi-

nese Academy of Sciences Yantai 510006 Shandong China; *Institute of Environmental Science
of Jiyvuan City Jiyuan 459000 Henan China) .

Abstract: In a constructed wetland system appropriate choice of plant species is a key factor af—
fecting metal removal from metal-contaminated soils sediments and wastewaters. A hydroponic
experiment was conducted to compare lead ( Pb) tolerance indices and uptake among 18 emer—
gentrooted wetland plants under 0 10 and 20 mg * L™" Pb exposures. The results indicated that
Pb translocation from root to shoot was generally low in all species tested. There were significant
differences among the 18 wetland plants in their Pb tolerance indices and also Pb uptake under
the same Pb treatment. Some wetland plants with higher Pb tolerance indices and Pb concentra—
tions in shoot suggested that the detoxification system in plant may play an important role in alle—
viating Pb toxicity. Under the 20 mg * L™' Pb exposure Veronica serpyllifolia had the highest ac—
cumulation of Pb in shoots ( 8226 mg Pb  kg™')  while Fimbristylis monostachya had the lowest
accumulation of Pb in shoots ( 50 mg Pb « kg™') . In addition Alternanthera philoxeroides having
higher accumulation of Pb in shoots still did not show any severe symptoms of Pb toxicity. The da—
ta obtained should help in future species selection in designing wetlands in Pb-contaminated envi—
ronments.
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Glyceria fluitans Eriophorum angustifolium Carex ros—

1
Table 1 The names of the experimental wetland plants

irata  Leersia hexandra ( Taylor et al. 1984; Ye et
al. 1997a b; Matthews et al. 2004a b; Deng et al.
2005) .

18
Pb

Pb o
1
1.1

18 2 ( 1):
1.2

Pb 10.20 mg « L'

o

(1) 10%  Hoagland ( Hoagland et al.

1 Acorusta tarinowii

2 Alocasia cucullata

3 Alternanthera philoxeroides
4 Aneilema bracteatum

5 Echinodorus amazonicus
6 Echinodorus baothii

7 Eleocharis geniculata

8 Fimbristylis monostachya
9 Hydrocotyle vulgaris

10 Ludwigia hyssopifolia

11 Myriophyllum aquaticum
12 Panicum repens

13 Paspalum scrobiculatum
14 Philydrum lanuginosum
15 Rotala rotundifolia

16 Scirpus triqueter

17 Veronica serpyllifolia

18 Alternanthera bettzickiana
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1938) : ( mmol * L") : NH, NO, 5.0, o

K,S0, 2.0. CaCl, 4.0, MgSO, « 7H,0 1.5.KH,PO, 1.3.2 Pb

1.3, (pmol « L") cFe( II') £DTA 05¢g 5 mL
50.H,B0O, 10.ZnS0O, * 7H,0 1.0.CuSO, * 5H,0 1.0, ( ) ; 90 °C 30 min
MnSO, * 5H,0 5.0, Na,MoO, * 2H,0 0.5, CoSO, * —140 °C 30 min—180 C 1 h— —1 mL HCIO,

7H,0 0.25.
(2) Pb( NO,), Pb
( Pb ) 10,20 mg « L™
Pb10  Ph20
( CK) o PVC (25
cm 18 cm 12 cm) 6 L. pH
I mol * L' H,S0, 1 mol * L' NaOH 5.5,
(3) .
(
)
36 4 20 ; 3d
21d o 28
16 C 7d 20
1.3
1.3.1
2 10 20mg+L7'Pb 21d

—160 C 20 min—180 °C 2 h—
( Hitachi-Z-5300)

l

TI

( Wilkins 1978) .

Pb
GSV2( ) (
1.3.3
1.4
(ANOVA) LSD
2
2.1
2
Pb
10 mg » L' Pb

N

( Alexander et al. 2006) .

) o

( P<0.05) ,

Table 2 The longest root elongation and total biomass of seedlings/tillers of the wetland plants subjected to control 10 and
20 mg « L™ Pb for a period of 3 weeks

((cm)

(g* plant™)

CK Ph10 Ph20 CK Pb10 Ph20
4.38+0.29 a 2.55+0.29 b 1.95+0.04 b 0.66+0.04 a 0.45+0.04 b 0.37+0.05 b
15.35+1.31 a 6.97+0.22 b 3.17£0.27 ¢ 0.75+0.04 a 0.45+0.02 b 0.23+0.01 ¢
4.97£0.39 a 4.3+0.06 a 2.170.18 b 0.21£0.01 a 0.16:0.01 b 0.13:0.02 b
12.72+0.88 a 6.33£0.45 b 5.17£0.22 b 0.24£0.01 a 0.20£0.01 a 0.16=0.01 b
18.23+1.67 a 7.28+0.47 b 3.20+0.06 c 0.32+0.04 a 0.24+0.01 b 0.17+0.01 b
9.40£0.47 a 4.12£0.10 b 2.28+0.12 c 0.21£0.01 a 0.12£0.01 b 0.06+0.01 ¢
4.28+0.67 a 2.38+0.09 b 2.23£0.13 b 0.31£0.02 a 0.16:0.01 b 0.1120.01 b
3.47+0.22 a 2.07+0.11 b 1.93+0.05 b 0.74£0.03 a 0.350.04 b 0.2720.03 b
4.55+0.73 a 1.95+0.04 b 1.28+0.06 b 0.05+0.006 a 0.03+0.004 b 0.02+0.002 b
16.17+0.13 a 7.72£1.11 b 4.07+0.24 ¢ 0.28+0.02 a 0.17£0.02 b 0.08+0.01 ¢
13.82+1.19 a 3.23£0.26 b 1.85+0.17 b 0.180.004 a 0.12£0.004 b 0.08+0.002 c
6.12£0.52 a 2.63+0.08 b 2.030.15 b 0.210.01 a 0.15+0.01 b 0.11+0.01 ¢
3.630.09 a 2.97+0.19 b 1.95+0.08 ¢ 0.25+0.004 a 0.15+0.10 b 0.10£0.003 c
6.32£0.42 a 4.07:0.31 b 2.5020.15 c 0.70£0.04 a 0.38+0.02 b 0.24+0.02 ¢
6.18+0.16 a 5.17£0.32 b 2.38+0.11 c 0.13£0.01 a 0.11£0.01 a 0.090.01 b
5.05+0.08 a 2.75+0.08 b 2.22+0.06 c 0.28+0.02 a 0.19+0.01 b 0.09+0.01 ¢
4.55+0.15 a 2.62+0.17 b 2.1020.15 c 0.11£0.01 a 0.09+0.01 b 0.070.01 ¢
6.67£0.23 a 2.75£0.20 b 2.38+0.17 b 0.13£0.03 a 0.12+0.02 ab 0.1x0.01 b
+ n=4; Ph 0.05(LSD )
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3 10 20mg-L'Pb

21d Pb
Table 3 Concentrations of Pb in shoots and roots of different plants subjected to control 10 and 20 mg * L™ Pb for 3 weeks

(mg - kg™)

CK Pb10 Pbh20 CK Pb10 Pbh20
6+1 ¢ 63+4 b 153+5 a 142417 ¢ 50622+3339 b 66422+5615 a
10£3 ¢ 1145 b 20549 a 16+1 ¢ 75944+3269 b 87086+736 a
9+1 ¢ 2521168 b 4064+406 a 14545 ¢ 70431+£698 b 97036+912 a
10£2 ¢ 451116 b 6106+446 a 165+12 ¢ 102537+1983 b 114281+1121 a
7+l ¢ 264+22 b 328+33 a 49+4 ¢ 62977+1089 b 83041+801 a
161 ¢ 3312+97 b 7345453 a 185+5 ¢ 815111013 b 145402+7658 a
23+3 ¢ 1311112 b 2332470 a 95+6 ¢ 37239+1135 b 44362+690 a
14+1 ¢ 41+4 b 50+3 a 146+13 ¢ 18246+737 b 23491+1449a
21£1 ¢ 4327+268 b 6340+415 a 248+8 ¢ 60441+£1091 b 94474+2212a
22+6 ¢ 2367157 b 3888+163 a 68+10 ¢ 112967+8171 b 138271+2088a
13£3 ¢ 3414+224 b 4371171 a 176+5 ¢ 114078+7978 b 134141+2984a
9+1 ¢ 8110 b 217423 a 88+3 ¢ 21901+884 b 29389+1002a
21t1 ¢ 1661+134 b 2089+119 a 162+15 ¢ 33564+811 b 38392+389a
11+3 ¢ 129+13 b 387+9 a 151+14 ¢ 34001£2617 b 49051+2160a
131 ¢ 4393+100 b 5449+160 a 785 ¢ 71882+1693 b 91025+£1635a
13£2 ¢ 13615 b 453+13 a 99+6 ¢ 40214+293 b 53269+205a
186 ¢ 3476+462 b 8226+511 a 145+21 ¢ 81994+1508 b 89207+1248a
10£1 ¢ 1706+158 b 4701£399 a 56x11 ¢ 49513+3655 b 60080+1130a
+ n=4; Pb 0.05( LSD ) o
(P<0.05) . 20 2.4 Pb . Pb
mg * L™ Pb
( P<0.01) ,
20 mg * L' Pb
4 Pb
2.2 Pb Table 4 Tolerance indices ( TI) based on the longest root
Pb 3. elongation of seedlings/tillers of the wetland plants subjec—
Pb<Zn Pb ted to different Pb treatments for 3 weeks
Pb TI
10 mg * L' 20 mg * L™
o 0.58+0.07 0.44+0.01
. Pb 0.45+0.01 0.210.02
Pb 8226 0.86+0.01 0.43+0.04
0.50+0.04 0.41+0.02
mg * kg™ Pb 50 mg * kg 0.40+0.03 0.18+0.01
(P<0.01) . Pb 0.4420.01 0.24+0.01
145402 mg * kg—l Pb 0.51+0.02 0.48+0.03
0.59+0.03 0.55+0.02
29389 mg + kg Pb 0.410.01 0.28+0.01
o 0.48+0.07 0.25+0.01
2.3 Pb 0.24+0.02 0.13+0.01
0.43+0.01 0.33+0.02
Pb 0.82+0.05 0.54+0.02
4, Pb 0.65+0.05 0.40+0.02
o 0.83+0.05 0.38+0.02
. 10 mg L71 Pb 0.54+0.02 0.43+0.01
0.57+£0.04 0.46+0.03
86% 24% 0.42+0.03 0.37+0.03

( P<0.05) .

n=4,

H
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Table 5 Pearson product-moment correlation matrix for
biomass Pb concentrations in root and shoot TI and ROL
of wetland plants

Root DW  Shoot DW Root-Ph Shoot-Ph TI
Root DW - 0.656* * -0.351" -0.582** 0.124
Shoot DW - - -0.328 -0.637* * 0.248
Root-Ph - - - 0.673**  -0.511**
Shoot-Ph - - - - -0.187
n=36,"  0.05 001
Pb
Pb
o Pb
Pb Pb
Pb
Pb o
3
3.1 Pb

( Snowden et al. 1993; Ye
et al. 1997a b; Mendelssohn et al. 2001; MacFarlane
et al. 2002; Yang et al. 2014) .

Pb
o Deng
(2005) 6 Pb
3.2 Pb
Pb
Pb
Pb

( Taylor et al. 1983; Outridge et al.
1991; Ye et al. 1997a b; Keller et al. 1998, Fitzgerald
et al. 2003; Deng et al. 2004 2005) .

( Taylor et
al. 1983) , Pb
27 mg * kg™ ( Beckett et
al. 1977; Borkert et al. 1998) , Pb

Pb

( Taylor et al. 1983) .

( Baker 1981; Davies et al. 1991; 2007,
Yang et al. 2015) .
2 o
( Baker 1981) . Zn
F. rubra Zn
Zn
( Davies et al. 1991) .
(Ye et al. 1997a b) .
(SOD  POD)
( 2007; Yang et al. 2015) .
o 20 mg * L' Pb
Pb

N ~

pH. Eh, ( Salomons et al.
1984; Chawla et al. 1991; Greger 1999; Fitzgerald et
al. 2003; Fritioff et al. 2005) .

4
Ph Ph
Pb
Pb Pb o
Pb
Pb X
Pb
Pb o
Pb 0

Pb
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