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Potential of ornamental plants for remediating soil polluted with cadmium

ZENG Peng, CAO Xia, GUO Zhao-hui", XIAO Xi-yuan, LIU Ya-nan, LIANG Fang

(Institute of Environmental Engineering, School of Metallurgy and Environment, Central South University, Changsha 410083, China )
Abstract : Under greenhouse condition, the tolerance and accumulation characteristics for ornamental plants of 10 species grown on Cd con—
taminated soil, including Cinnamomum camphora, Sabina chinensis, Platycladus orientalis, Nerium indicum, Viburnum odoratissimum, Os—
manthus fragrans, Loropetalum chinense, Euonymus japonicus, Ligustrum vicaryi and Gardenia Ellis, were studied. Three levels of Cd in
polluted soil were designed, which is the background level of 3.6 mg-kg™'(CK), the content of 9.6 mg-kg™'(T,) and 24.6 mg-kg™'(T,) with
addition of external cadmium, respectively. The results showed that the biomass of roots, stems, leaves and total plant among Sabina chinen—
sis, Platycladus orientalis and Osmanthus fragrans was slightly significant difference (P>0.05) compared with CK treatment under T, and T,
treatment. When the content of Cd in soils were from 3.6 to 24.6 mg kg™, Platycladus orientalis, Viburnum odoratissimum, Osmanthus fra—
grans and Euonymus japonicus could photosynthesize regularly, and the content of malondialdehyde in leaves of Cinnamomum camphora,
Platycladus orientalis, Viburnum odoratissimum, Osmanthus fragrans, Loropetalum chinense, Euonymus japonicus and Ligustrum vicaryi
were slightly changed. The accumulation capacity of Cd in Viburnum odoratissimum and the transferring coefficient of Cd to aboveground of
Cinnamomum camphora was relatively higher compared with the other tested plants. According to the hierarchical cluster analysis based on
Cd bioaccumulation factors of tested plants, Sabina chinensis, Nerium indicum and Viburnum odoratissimum can serve for phytoremediation
and ameliorate the landscape of Cd contaminated soil. Loropetalum chinense, Euonymus japonicas, Cinnamomum camphora, Osmanthus
fragrans, Platycladus orientalis and Ligustrum vicaryi is helpful for stabilization of Cd in contaminated soil.

Keywords: Cd; polluted soil; ornamental plant; phytoremediation
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Table 1 Basic physiochemical properties of tested soil

B HLF Organic matter/  FEZLZ( Available N/

pH g-kg mg-kg!

mg-kg™

TR Available P/

FEZLER Available K/ H 4 )& Heavy metal/mg-kg™!
mg- kg As cd Ph

7.76 5.05 5.60 9.80

15.20 34.40 3.60 96.20

&2 MY ENERER

Table 2 General characteristics of tested plant seedlings

A4 Plants LT 34 Latin name 2RI Types Cd %54 Cd content/mg- kg™
FhE Cinnamomum camphora WA 0.72
[# 4G Sabina chinensis eSSV N 0.39
A Platycladus orientalis eSSV N 0.19

ATk Nerium indicum AN A 1.66
A Viburnum odoratissimum W NTAREHEA 1.37
Uk Osmanthus fragrans W/ NRAREHEAR 112
FARIZ 7N Loropetalum chinense /N AR B R 0.88
St Buonymus japonicus RANFASIA 0.52
4l Ligustrum vicaryi B LR 0.48
e Gardenia Ellis HEREAR 0.41
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Table 3 Biomass of ornament plants in different Cd treatments
A4 Plant KbFH Treatment EEY) 5 Biomasslg
H2 Root 2% Stem - Leaf ok Total
T HE CK 0.58+0.01b 0.43+0.16b 0.29+0.28ab 1.300.42b
T 0.84+0.13a 0.73+0.0% 0.62+0.05a 2.19£0.27a
T, 0.360.12¢ 0.33£0.04b 0.2320.04b 0.91£0.17b
[RI#1 CK 7.41+2.81a 8.4323.56a 21.76+2.53a 37.5946.59a
T 7.10£1.67a 6.73x1.74a 24.47+5.72a 38.30+8.89a
T, 5.73+0.40a 6.59+1.13a 19.39+2.53a 31.70+4.06a
JiYi CK 1.28+0.71a 1.99+1.23a 4.20+0.49a 7.47£2.13a
T, 1.9320.3% 2.28+0.22a 4.8120.15a 9.02+0.71a
T, 1.23+0.34a 1.56+0.10a 3.96+0.72a 6.750.81a
JeAHk CK 5.46+2.14a 5.23+0.27a 4.27+0.64a 14.95+2.80a
T 3.11x1.64ab 4.92+0.43a 4.04+2.16a 12.06+3.47ab
T, 0.89+0.38b 4.70£0.17a 2.63x1.14a 8.22+1.35b
TR CK 1.900.11a 0.90+0.30a 0.86+0.01b 3.660.27a
T, 1.24+0.63a 0.74+0.13a 0.96+0.06a 2.94+0.55a
T, 1.45+0.22a 0.80£0.17a 0.68+0.005¢ 2.92+0.31a
Uzt CK 0.23+0.03a 0.74+0.20a 1.10£0.15a 2.08+0.37a
T 0.42+0.20a 0.78+0.30a 1.400.46a 2.6020.84a
T, 0.35+0.09a 0.59+0.26a 0.86+0.34a 1.80+0.52a
LIAEHEAR CK 0.69+0.03a 1.0920.26a 0.6120.17a 2.39+0.30a
T, 0.58+0.14a 0.89+0.05a 0.65+0.05a 2.1220.15ab
T, 0.35+0.01b 0.87+0.11a 0.56£0.27a 1.79+0.14b
SE CK 0.77+0.16a 0.92+0.3% 1.19+0.41ab 2.88+0.91a
T 0.78+0.09a 0.82+0.12a 1.47+0.18a 3.08x0.15a
T, 0.66+0.09a 0.63£0.03a 0.72+0.10b 2.02+0.22a
] CK 0.390.11a 0.56+0.01b 0.24+0.06a 0.98+0.05b
T 0.37+0.09 1.01+0.20a 0.29+0.13a 1.67+0.34a
T, 0.17+0.03b 0.25+0.05¢ 0.21£0.02a 0.62+0.05b
e+ CK 0.27+0.02 1.09+0.13 0.28+0.09 1.6420.02
T, 0.85+0.12 1.2120.31 0.86+0.23 2.860.41
T, _ _ _

TE B A T bR, 6] —A R — 31 PR [R5 B R AR B 22 53 B35 (P<0.05) o T AL B ¥EAE F U/ NER A , RIEAT B 04T T Il

Notes: Data are presented in means=SD. Different letters under the same plant within a column mean statistical significant differences at P<0.05 level.

Only a small portion of Gardenia Ellis was survived in T, treatment , and thus no statistical analysis was performed. The same below.
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Table 4 Content of photosynthetic pigments in ornament plants in different Cd treatments

Hi%) Plant JbFR Treatment Y4625 & & Content of photosynthetic pigments/mg- g™ FW 52 alb
142 a Chlorophyll a 42 b Chlorophyll b b8 N Z Carotenoid Chlorophyll a/b
it CK 2.22+0.30ab 1.14+0.37b 0.42+0.03a 2.0520.35a
T, 2.18+0.22b 1.01+0.27b 0.41+0.03a 2.22+0.31a
T, 2.55+0.32a 1.58+0.24a 0.42+0.04a 1.610.34b
R CK 1.00+0.13a 0.360.06a 0.16+0.02b 2.77+0.16b
T, 1.16:0.21a 0.4120.11a 0.22+0.04a 2.860.19b
T, 0.57+0.04b 0.18+0.02b 0.11+0.01b 3.25+0.22a
f0pel CK 0.89+0.13a 0.35+0.07a 0.14+0.01a 2.55+0.12a
T, 0.94+0.13a 0.38+0.09a 0.16+0.04a 2.52+0.48a
T, 0.64+0.30a 0.24+0.14a 0.11+0.05a 2.8120.33a
JeATHk CK 0.52+0.15b 0.20£0.07b 0.12+0.02b 2.65+0.13a
T, 0.91+0.27a 0.37+0.13a 0.190.06a 2.47+0.18a
T, 1.05+0.18a 0.40£0.01a 0.21+0.04a 2.6420.07a
AR CK 1.77+0.38a 0.82+0.23a 0.34+0.05a 2.2020.17a
T, 1.42+0.28a 0.600.13a 0.27+0.06a 2.38+0.09a
T, 1.41+0.78a 0.65+0.41a 0.26+0.14a 2.380.41a
U 2 CK 1.49+0.23a 0.57+0.11a 0.29+0.04a 2.6120.11ab
T, 1.61+0.16a 0.61+0.07a 0.31+0.03a 2.650.05a
T, 1.39+0.15a 0.56+0.07a 0.28+0.03a 2.510.06b
FAWIZ 7N CK 1.93+0.31ab 0.83+0.14b 0.39+0.05ab 2.330.03a
T, 1.700.26b 0.760.14b 0.360.05b 2.25+0.09a
T, 2.23+0.10a 1.08+0.10a 0.44+0.03a 2.07+0.10b
L FE CK 1.66+0.32a 0.650.17a 0.33+0.06a 2.58+0.16a
T, 1.51+0.31a 0.57+0.13a 0.31+0.06a 2.6420.07a
T, 1.61+0.26a 0.62+0.11a 0.33+0.06a 2.62+0.06a
S 5 CK 1.48+0.08a 0.49+0.06a 0.28+0.02a 3.02+0.23a
T, 1.41+0.14a 0.46+0.09a 0.27+0.03a 3.1320.37a
T, 1.1120.11b 0.32+0.06b 0.22+0.01b 3.5420.43a
T CK 0.82+0.08 0.310.03 0.23+0.02 2.69+0.02
T, 1.55+0.33 0.67+0.24 0.35+0.06 2.42+0.32

T, —
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Figure 1 Malondialdehyde content in leaves of ornament plants under different Cd treatments
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Table 5 Content and distribution of Cd in ornamental plants under different Cd treatments

Cd &+ Cd content/mg-kg™

HH%) Plant A3 Treatment HHEZREBC I8 ZETF
2 Root Z£ Stem H Leaf
e CK 4.28+0.30a 2.62+0.66b 2.37+0.39a 0.95+0.06a 0.60£0.05b
T, 5.15+2.54a 4.77£1.56b 2.89+0.41a 0.45£0.16b 0.81£0.18b
T, 6.42+0.40a 12.50+7.28a 10.71x4.01b 0.39+0.08b 1.83+0.50a
EEE] CK 3.1220.10¢ 2.40+0.06a 1.69+0.38a 0.60+0.05a 0.61+0.07a
T, 10.14x4.15b 4.3320.75a 2.24+0.66a 0.41£0.12b 0.2920.09a
T, 29.38+4.30a 7.72+1.96a 2.79+0.36a 0.26+0.02¢ 0.1620.07a
A CK 5.18+2.30b 1.67+0.21c¢ 1.67+0.30¢ 0.66+0.14a 0.37+0.15a
T, 14.70+7.32b 3.0120.33b 2.6020.72b 0.56+0.20a 0.21+0.10ab
T, 44.21£15.65a 3.98+0.47a 3.95+0.45a 0.45+0.0%a 0.10£0.03b
Je ARk CK 2.23+0.24bh 1.88+0.67h 1.22+0.36a 0.50£0.12a 0.7120.24a
T, 2.860.80b 2.2020.11b 1.51£0.73a 0.22+0.05b 0.64+0.17a
T, 12.35¢1.21a 3.66+1.30a 1.77£0.36a 0.17+0.02b 0.20+0.01b
A CK 3.4320.16¢ 6.76+1.30c 7.01£1.53¢ 1.40+0.23a 2.000.40a
T, 11.27+2.15b 12.33+1.31b 15.47+6.26h 1.34+0.25ab 1.27+0.24b
T, 25.60+5.05a 25.61£0.34a 25.66+1.49a 1.030.12b 1.03+0.21b
Py ZAE: CK 4.05+0.615b 2.27+0.77¢ 2.83+0.34b 0.77+0.12a 0.66+0.22a
T, 6.69+1.14b 4.06£0.41b 2.97+0.22b 0.41£0.03b 0.51£0.10ab
T, 15.7626.06a 5.86+1.16a 3.69£0.52a 0.28+0.07¢ 0.31x0.09b
EAWIZ) ¥ N CK 8.37+1.59h 2.03£0.21b 2.15+0.26a 1.04+0.25a 0.25+0.05a
T, 17.29+2.35ab 2.3120.30b 2.04+0.24a 0.59+0.10b 0.13+0.02ab
T, 20.59+11.25a 2.940.14a 3.93+2.63a 0.27£0.07¢ 0.18+0.10b
LR CK 6.90+0.62¢ 2.45+0.19b 2.59+0.07ab 1.0520.10a 0.37+0.04a
T, 14.88+4.04b 2.47+0.26b 2.5620.31b 0.600.14b 0.18+0.03b
T, 32.91+6.96a 3.37+0.86a 3.07+0.43a 0.35+0.07¢ 0.11x0.03¢
G4 i CK 5.71x1.35b 1.89+0.29b 7.16+3.81ab 1.11+0.07a 0.50+0.11a
T, 6.23+1.42b 2.28+0.29b 4.54+1.46a 0.37+0.04b 0.460.14a
T, 19.09+6.70a 6.17+4.01a 9.67+1.68a 0.45+0.13b 0.44+0.17a
e+ CK 2.0520.82 2.0120.31 4.23+0.87 0.66+0.11 1.30£0.33
T, 1.65+0.39 2.32+0.31 1.96+0.42 0.21+0.03 1.340.22

T, —




697

M5, 4 Cd T54% 4 8 3 LB 52 i i o 05
5

10 15 20 25

0
i
Py A
KUY
&M i J

ST ERA
ks
By

SePTHE
WG T
iy
2 EFENEY | BERBERBEMIEE

Figure 2 Hierarchical cluster analysis based on Cd
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