+ 1#E (Soils), 2013, 45(2): 239-245

ENES RS R 5

1,2 2%

( 410081 2

Cu Zn Cd Pb

100 0.83 11.3 mg/kg

( ) 210008
241000)

Cu Zn Cd Pb

Cu 50 pmol/L

Zn 200 pmol/L+Cd 10 umol/L  Pb 100 umol/L Cu Zn
Cd Pb 2270 1648 1029 25331 mg/kg Cu 100 umol/L
Cu Zn
Cd Pb
X53
0~20 cm 2 mm
i 1.92 g/kg 0.83 g/kg 13.1 g/kg
(CEC) 7.56 cmol (+)/kg
[2-4] [5]

(Elsholtzia ciliate)
@

(Elsholtzia splendens) Cu (7-8]

Cu Zn Cd Pb

1
11
( )
(40821140539 40871155)
* (lhwu@issas.ac.cn)

(1986—)

Cu Zn Cd Pb
955 mg/kg

19.9 g/kg pH 7.50
944 5059 2.62

25°C( )/20°C(

) 65% ~ 70 % 14 h 1.5 x
10* 1x 4
1.2
1.2.1 2009 3 30
10 15

200 mg/kg Cu 300 mg/kg Zn
+10 mg/kg Cd 600 mg/kg Pb
1

Zn+Cd /n
Cd 5 20
4 4
(10 15 )
(2010DFA92360)

E-mail: miyanyan1987@126.com



240 45
*1 IHEIABAEZLEEEREKE (mg/ke)
Table 1 Heavy metal concentrations of pot experiment treatments
Cu Zn Cd Pb
CK 944 5059 2.62 955
Cu 1144 5059 2.62 955
Zn+Cd 944 5359 12.6 955
Pb 944 5059 2.62 1555
122 2011 4 3 HNO;-HCIO4
6 3 (Varian SpectrAA220FS( ) 220Z( )
Cu Zn Cd Pb
1.8 L 1.6 L 14
Hoagland Microsoft Excel SPSS13.0
CK (LSD)
Hoagland Cu50 (P<0.05)
Cu 50 pumol/L Cul00 Cu 100 pmol/L
Zn+Cd Zn 200 pmol/L  Cd 10 pmol/L Pb
Pb 100 pmol/L Cu Zn Cd Pb CuSO, 21
Zn(NO3); Cd(NO3); Pb(NO;),
4 2.1.1
5 3 Cu Zn Cd Pb4
201163 944 5059 2.62 955 mg/kg
13 (GB15618-1995)”
3g
lg (MDA) Cu 200 mg/kg Zn 300 mg/kg
(Pro) (GSH) MDA Cd 10 mg/kg Pb 600 mg/kg
(TBA) GSH 4
(DTNB) Pro (P>0.05)
Cu Zn Cd Pb
)
105°C 30 min 80°C 21.2
120 7r
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Fig. 1

Effects of different treatments on plant biomass of Elsholtzia ciliate at pot experiment
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Cd BCF Pb
( 2 Pb 4.69 ( 2 Pb
Cu 1.50 Cd
(TE)(
Cu Zn Cd Pb 12.1 100 ) 3
0.83 11.3 mg/kg TF
(8. 111 cd Cu Zn Pb TF
12 Pb TF 0.098
Cu Zn Cd Pb 282
188 9.92 362 mg/kg (P<0.05) (12, 14-13] Pb
Pb 14.7  Song TF Pb
(8 Cu (8 645 mg/kg) Pb Cu Zn Cd
Cu 6 000 mg/kg Pb ( 2 4 TF 1(
Cu Zn Cd Pb 3) Baker U®
( 2
[13] 29
Zn+Cd
Cu Cu Pb 221
Zn Zn CK Cu50 Zn+tCd Pb
Cd Cu Cu Pb 4
Zn (P>0.05)( 2) Cul00
213
(BCF)(
) 3 44.9% (P<0.05)
Cu Zn Cd Pb
4 BCF Cd > Cu
Zn>Cu>Pb Cd BCF 0.146 Pb BCF Cu(100 pmol/L)
0.007 Cu Zn Pb Cd (17 Cu(25 ~ 50
F2 ITHEFHTEEFMLMANIRIBESEEKE (mg/ke)
Table 2 Heavy metal concentrations in Elsholtzia ciliate shoot and root at pot experiment
Cu Zn Cd Pb Cu Zn Cd Pb
CK 8.05£1.54b 494+69b 0.18+0.08b 2.41+0.65b 123+23¢  87.9+354b 3.10+1.05c 24.6+134b
Cu 12.1+£25a 572+11.6b 025+009b 326+081b 282+44a 167+73a 4.07+0.68bc 362+119b
Zn+Cd 9.66 +2.63 ab 100 £28 a 0.83+0.18a 2.69+040b 205+39b 188 +25a 9.92+094a 27941240
Pb 745+3.02b 483+6.7b 038+0.51b 11.3+1.1a 181 £63b ¢ 182+ 56a 5.51+£1.69b 362+40a
+ (n=4) P<0.05
*3 BENEESREERANSEBRY
Table 3 Heavy metal bio-concentration factor and transfer factor of Elsholtzia ciliate
Cu Zn Cd Pb Cu Zn Cd Pb
CK 0.009 0.010 0.068 0.003 0.065 0.561 0.057 0.098
Cu 0.011 0.011 0.096 0.003 0.043 0.342 0.062 0.090
Zn+Cd 0.010 0.019 0.097 0.003 0.047 0.535 0.084 0.097
Pb 0.008 0.009 0.146 0.007 0.041 0.265 0.070 0.031
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Fig. 2 Effects of different treatments on Elsholtzia ciliate biomass at hydroponics experiment
umol/L) Cu(75~100 (P<0.05)
pumol/L) 50 umol/L Cu GSH
Yang ¥ Cu [10]
Cu 100 pmol/L Qian ¥ Cu
(0.32 pmol/L Cu)
GSH (0.37 mg/g) (0.14
Cu mg/g)
Cu GSH
222
(Pro)
4
(191 (MDA)  Cul00 44.4%
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CK Cu50 Znt+Cd Pb MDA
Cul00 MDA 72.8% 2 Pro
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\ ( 2 « 4 Cu
100 pmol/L Cu
(GSH)
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Table 4 Effects of different treatments on leaf physiological characteristics of Elsholtzia ciliate at hydroponics culture
MDA (nmol/g FW) GSH(mg/g FW) (mmol/g FW) Pro(ug/g FW)
CK 4.52 £0.69 be 0.37£0.03¢ 0.09 £ 0.01bc 277114 a
Cu50 520+0.35b 0.37+£0.05¢ 0.11 £ 0.02ab 274t5a
Cul00 7.81£0.04 a 1.10£0.11a 0.13+0.01 a 302+ 66a
Zn+Cd 3.87+0.05¢ 0.54£0.01b 0.07+0.00 ¢ 286+25a
Pb 4.47£0.53 be 0.50 £0.04 b 0.10 £ 0.02b 254+45a
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R5 KEBEFHTEFM LBIIRIBESEERE (mg/ke)

Table 5 Plant heavy metal concentrations by Elsholtzia ciliate at hydroponics experiment

Cu Zn cd Pb Cu Zn cd Pb
CK 291+£046c 104£10b  096+0.12b 439+190b 283+72b 69.0+1.7b 138=1.1b  13.0£22b
Cus0 261+30b  121£19b  081+£0.04b 555+£068b 517+14b  109£25b 671£058b 39.1+250b
Cul00  496+27a  124+20b  197+007b 276+0.67b 2270+311a 160+17b 651£0.73b 16.6+69b
Zn+tCd  2.64+040c 1859+234a 79.6+0.8a 248+0.13b 145+1.1b 1648+552a 1029+87a  17.1£55b
Pb 329+£032¢  107+5b  1.09=0.12b  570=47a  17.7+14b  138=27b  5.08=0.16b 25331+164a
Pb
(P<0.01) Zn+Cd cd
74.6 Pb Pb 25 331
mg/kg 1949 Cu Cul00
Cu Cul00>Cu50>CK
Cu Zn
Cu Cd Pb 2270 1648 1029 25331 mg/kg
(24 Cu Zn Cd Pb Cu50 Zn+Cd Pb MDA
50 umol/L Cu 200 pmol/L Zn+10 pmol/L Cd
Zn+Cd Zn (1 859 mg/kg) 100 pmol/L Pb Cul00 Zn+Cd Pb
(1 648 mg/kg) 1.13 Zn GSH GSH
7n [11]
Cu
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Heavy Metal Tolerance and Uptake of Elsholtzia ciliate

MI Yan-yanl’ 2 WU Long-huaz*, TAN Chang-yinl, ZHAO Bing3, ZHOU Shou-biao’, LUO Yong-ming2
(1 College of Resources and Environmental Science, Hunan Normal University, Changsha 410081, China;
2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 3 Anhui Provincial Key Lab. of the Conservation and Exploitation of Biological Resources,
College of Life Sciences, Anhui Normal University, Wuhu, Anhui 241000, China)

Abstract: Glass house pot experiment and hydroponics culture were conducted to study the tolerance and uptake of Cu, Zn,
Cd and Pb under mixed heavy metal contaminated conditions by Elsholtzia ciliate. The results showed that E. ciliate grew well in
all the pot treatments, and there was no significant difference in shoot and root biomass. Concentrations of Cu, Zn, Cd and Pb in
the shoot were 12.1, 100, 0.83 and 11.3 mg/kg, respectively, which did not show any toxic symptom of plant. In hydroponics
culture, E. ciliate also grew normally in Cu 50 pmol/L, Zn 200umol/L+Cd 10pmol/L and Pb 100umol/L treatments, no significant
difference existed in shoot and root biomass, and Cu, Zn, Cd and Pb concentrations in root were up to 2270, 1648, 1029 and
25331 mg/kg, respectively. In Cu 100 pmol/L treatment, E. ciliate plant biomass were lower than that of the control, but plant was
still alive; in this heavy metal treatments, MDA, GSH and soluble sugar concentrations in plant leaves were all higher than that of
control. The above results proved that E. ciliate has a strong tolerant ability to Cu, Zn, Cd and Pb and is a kind of good economic
plant growing on heavy metal contaminated soil.

Key words: Elsholtzia ciliate, Heavy metal, Tolerant, Uptake



