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Preliminary results of the tolerance to inorganic contaminants and 
phytoextraction potential of twelve ornamental shrub species tested on 
an experimental contaminated site
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In urban areas of China, several plant species are commonly used for ornamen-
tal purposes. Many of these plants have demonstrated a good capacity to resist
these varied urban stresses, and it would be relevant to verify whether they
can  be  grown  on  polluted  sites  and  demonstrate  some  phytoremediation
potential. Twelve ornamental shrub species were chosen to be tested for tol-
erance  to  inorganic  contaminants  and  capacity  to  absorb  and  concentrate
heavy metals in their aerial parts. A large split-plot trial comprising 20 plots
was set up, and soil was spiked with different metals (Cu, Pb and Zn). In gen-
eral, all twelve shrub species performed well regardless of the treatment. Two
Hibiscus species,  H. mutabilis and  H. syriacus  “Hamabo” were particularly
productive. In terms of capacity to uptake metals, two of the best performing
species were Spiraea japonica, for copper, and Nandina domestica, for lead.
Bioconcentration and transfer factors were low. This could be related to weak
development of the root systems in these recently established plants. Species
with high yield, such as the two Hibiscus species, presented more interesting
values in terms of quantity of metal extracted, and could eventually be recom-
mended for decontamination of soils polluted by inorganics.

Keywords:  Phytoremediation,  Phytoectraction,  Trace  Elements,  Ornamental
Shrub Species, Urban Stresses

Introduction
Pollution  of  air,  water  and  soils  repre-

sents  an  increasing  concern  in  China.
Aware of this critical situation, Chinese pre-
mier Li Keqiang recently “declared war on
pollution”  while  addressing  the  opening
session of the National People’s Congress
in  Beijing (Branigan 2014).  In view of  this
undertaking, China vowed to curb soil pol-
lution, guarantee the security of farmland
soil and control soil contamination risks by
2020  (Han  et  al.  2016).  A  10-point  action
plan was released in 2015, a clear indication
of the commitment of the Government of
the People’s Republic of China to address-
ing the problem. This plan proposed mea-
sures such as reducing pollutant discharge,
enacting and enforcing more severe envi-

ronmental  legislation  and  increasing  sup-
port for science and technology in this do-
main (Han et al. 2016).

Consequently, research aimed at develop-
ing  new  technologies  to  address  soil  de-
contamination have been encouraged and
supported  by  the  Shanghai  Municipal
Greenery  and  Public  Sanitation  Bureau.
Conventional  techniques  employed  for
treating  polluted  soil  include  covering  it
with imported soil, application of lime and
chemical  washing,  and  excavation  and
transport of contaminated soil to landfills.
This  dig-and-dump  approach  still  consti-
tutes  the  most  common  conventional  ex
situ technology  (Kuppusamy  et  al.  2016).
However,  all  of  these approaches are ex-
pensive and labour intensive,  and can re-

sult  in further contamination problems or
leaching/deposition  of  nutrient  elements
during  in  situ treatment. It has become a
topical research field in the last decade, as
it is safe and potentially low cost in com-
parison  to  traditional  remediation  tech-
niques (Garbisu & Alkorta 2001). 

Phytoremediation,  and  more  specifically
phytoextraction,  is  a  technique  that  in-
volves using plants to remove contamina-
tion from soil and water. The efficiency of
phytoextraction  depends  on  the  capacity
of the plants to concentrate and accumu-
late  contaminants  in  their  aerial  parts.
While  highly  productive  species  will  be
more effective for phytoextraction (Kacál-
ková et al. 2014, Courchesne et al. 2017) the
actual  efficiency  of  phytoextraction  de-
pends primarily on the capacity of plants to
establish  and  survive  on  contaminated
sites (Walter et al. 2003). Consequently, it
is important to identify plants well adapted
to the urban context and capable of sup-
porting  abiotic  stresses  related  to  these
conditions,  specifically  water  and  heat
stresses, air pollution, etc. 

In urban and peri-urban areas of eastern
China,  many  of  the  shrub  species  com-
monly used for ornamental  purposes and
planted along highways and boulevards or
in  parks  have  demonstrated  a  very  good
capacity  to  resist  these  varied  stresses.
Due to their intrinsic characteristics such as
perennial, rapid growth and good response
to repeated coppicing, woody species are
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often  recommended  for  phytoextraction
purposes (French et al. 2006). We believe it
is relevant to verify whether some of these
shrub species may have phytoremediation
potential  and  could  be  used  on  polluted
soils.

Such a  screening trial  requires relatively
homogenous soil conditions in order to fa-
cilitate  interpretation.  Consequently,  this
study was carried out in an exceptional ex-
perimental  context  using  a  large  experi-
mental  outdoor  design  to  create  specific
contamination levels under consistent pe-
doclimatic conditions. Such conditions are
not  possible  on  post  industrial-use  sites
that  are  characterized  by  precisely  such
heterogeneous  soil  and  contamination
conditions. Studies conducted by Shi et al.
(2008) and Wei & Yang (2010) have shown

that  urban soils  and roadside dust  in the
Shanghai area are mainly contaminated by
Pb, Zn, Cu, Cr, Cd and Ni. Since Cu, Pb and
Zn were typically found at the highest con-
centration  levels  (Shi  et  al.  2008),  these
three metals were selected as the focus of
the current study.

Methods

Experimental design and maintenance
The  split-plot  experimental  design  con-

sisted of four uniform blocks and was set
up on the site  of  the Chenshan Botanical
Garden (31° 04′ 39″ N, 121° 11′ 12″ E) in Shan-
ghai, China. Shanghai lies in the transitional
zone between subtropical and warm tem-
perate  zone  and  has  a  subtropical  mon-
soon climate. Its average annual tempera-
ture  is  27.8  °C  with  an  annual  rainfall  of
1457.9 mm, of which 60% is concentrated in
the rainy season from May to September
(Tian et al. 2015). The soil of the experimen-
tal site has been described previously and
is a silty clay loam with an elevated pH of 8
(Wu et al. 2012).

Each  of  the  blocks  of  the  experimental
site was divided into five 10 × 10 m plots, in
which  various  treatments  were  randomly
applied (Fig. 1). These treatments included
spiking the soil with salts of different met-
als (Cu, Pb and Zn), a treatment containing
a mix  of  the  three metals,  and a  control
without  contamination.  Taking  into  ac-
count the level of the concentrations that
can be found on polluted soils and in road-
side dust in the Shanghai area (Wei & Yang
2010),  appropriate amount of  CuCl2,  PbCl2

and ZnCl2, each in the form of a dry pow-
der,  were used to spike the soil  for  each
treatment  described  above.  The  diverse
metal salts were applied on the soil surface
of each plot in the fall, mechanically incor-
porated into the first 25 to 30 cm of soil,
and left to equilibrate for four months, at
which time the shrub species were planted
according to  the  experimental  design de-
scribed above. More details on soil charac-
teristics  and  means  of  metal  concentra-
tions are presented in Tab. 1.

It should be noted that since this experi-
ment consists of a selection test, it was im-
portant  to  use  concentrations  that  were
particularly high, in order to be able to dis-
criminate  clearly  among  the  species  that
were most efficient in the presence of the
various  contaminants.  As  well,  the  entire
experimental  design  of  2000  m2 and  the

subplots were delimited by plastic barriers
staked in the ground to a depth of up to
one meter.

The  experimental  design  was  not  fertil-
ized and was irrigated only twice at the be-
ginning of the experiment following estab-
lishment, so as to better evaluate the plant
performance with a minimum of interven-
tion. During the growing season, weeding
was performed manually twice in June and
September.

Shrub species
A total of twelve shrub species were se-

lected for specific characteristics desirable
for  effective  phytoextraction,  notably
rapid  growth,  capacity  to  resprout  after
coppicing  and  good  resistance  to  abiotic
and biotic stresses. Special care was taken
to include a variety of species, both decidu-
ous and evergreen, belonging to different
plant families (Tab. 2 and  Fig. 2).  Most of
the selected species are used extensively in
urban landscaping in the city of  Shanghai
(Liang et al. 2017).  The two-year-old seed-
lings of the shrub species (six per species)
were planted randomly in each plot in April
2015, for a total of 1,440 plants (6 plants ×
12 species × 20 plots).

Plant samplings
At the end of November of the first grow-

ing season,  two plants per treatment per
block were randomly harvested to evaluate
and  compare  aerial  biomass.  Fresh  aerial
biomass  of  each  sample  was  weighed  in
the field using a scale (Xiangshan Cie model
ACS-JC21D). A subsample from each plant,
consisting  of  different  portions  of  the
stems, was collected and dried at 70 °C to a
constant  weight  and reweighed to deter-
mine  moisture  content  and  calculate  dry
matter yield. These subsamples were then
used  to  evaluate  metal  concentrations  in
plant tissues. Roots of each collected speci-
men were separated, placed in plastic bags
and brought to the laboratory for further
analysis.

Soil and plant tissue analysis
Four  bulk  soil  samples  (30  cm  topsoil)

were collected prior to plantation in spring
2015  and  were  homogenized  and  pooled
for  each plot.  Soil  samples  were air-dried
prior to subsequent steps, which involved
sieving (2-149 mm mesh). Lead, Zn and Cu
concentration quantification using HNO3 di-
gestion  for  5  h  at  120  °C  and  inductively
coupled  plasma  mass  spectrometry  (Agi-
lent  ICPMS  7700®,  Santa  Clara,  CA,  USA).
Each soil sample was assessed in duplicate
(technical replicates), with method blanks
as well as reference material from the Chi-
nese  Academy of  Measurement  Sciences;
recovery  yields  of  all  peaks  ranged  from
90% to 105% (Kou et al. 2018). Soil pH and
electrical conductivity were determined in
the supernatants of 1:5 soil and water mix-
tures  using  a  pH  meter  (Hach,  Loveland,
CO, USA) for electrical conductivity instru-
ment (Leici Company, China).
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Fig. 1 - Diagram illustrating the split-plot
experimental  used  to  conduct  the
study. It comprised four blocks divided
in five 10 × 10 m plots, each correspond-
ing to one of  the five treatments:  soil
spiked with  Cu,  Pb or  Zn,  a treatment
containing a mix of those three metals
(3m) and a control (C), without contami-
nation.

Tab. 1 - Mean values of pH, conductivity and chemical composition of the soil for each
treatment, sampled prior to plantation in the spring of 2015.

Treatments pH EC CuHNO3

(ppm)
PbHNO3

(ppm)
ZnHNO3

(ppm)

Control 7.99 207.0 89.26 20.03 75.50
Cu-spiked soil 8.04 222.5 1128.33 18.10 93.31

Pb-spiked soil 8.15 198.4 18.30 840.57 83.69
Zn-Spiked soil 8.23 191.9 22.02 26.09 3333.74

Cu-Pb-Zn-Spiked soil 8.03 195.2 521.12 1468.44 1300.54
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Phytoextraction potential of twelve ornamental shrub species

The  mean  concentration  values  calcu-
lated for the spiked plots and presented in
Tab. 1 are generally  higher than the origi-
nally  targeted  values  mentioned  above.
This may be explained in part by the possi-
bility that incorporation of the metal salts
was  insufficiently  homogeneous  or  deep.
Contamination in the spiked plots was con-
sequently higher than expected, but never-
theless constituted a very good test of the
resistance  of  the  selected  plants  to  inor-
ganic pollution.

Rhizospheric soil, i.e., the soil adhering to
plant roots (Jaillard et al. 2003), of each of
the  two  samples  (per  species/treatment/
block), was collected by brushing the roots
with a small brush to release soil particles;
these were pooled to form one composite
sample. The resulting 240 composite sam-
ples were analyzed for characterization of
soil  chemical  properties  according  to  the
same method described above.

The labile pool of metals or bioavailable
fraction of the contaminants was not ana-
lyzed in this study. Although this is an im-
portant aspect and a determinant indicator
from an ecological and toxicological stand-
point  (Mench  et  al.  2009),  the  objective
here was  primarily  to compare plant  per-
formance when subjected to identical spe-
cific soil conditions.

Above-ground tissues and cleaned roots
(rinsed in deionized water, to remove ad-
hering soil particles) were oven-dried at 70
°C  until  they  reached  a  constant  weight.
Then,  portions  of  the  two  samples  of
aboveground  parts  as  well  as  roots  col-
lected (per species/treatment/block) were
mixed and ground with a stainless grinder
until  all  particles  passed  through  a  0.149
mm nylon sieve for determination of metal
content. A total of 240 samples of above-
ground  tissues  and  an  equal  quantity  of

root  tissues  were  constituted.  Approxi-
mately  0.2  g  of  these  samples  were  di-
gested  with  concentrated  HNO3 (10  ml),
30%  H2O2 (1  ml),  concentrated  HCl  (2  ml)
mixture in Teflon tubes  to determine the
contents of Pb, Cu and Zn. The digested so-
lutions of samples were analyzed using in-
ductively  coupled  plasma  atomic  absorp-
tion spectrometry (Agilent ICPMS 7700®).

Quality assurance and quality control for
soil and plant tissues were assessed using
duplicates,  method  blanks  and  standard
reference materials from the Chinese Acad-
emy  of  Measurement  Sciences  for  each
batch of  samples  (1  blank and 1  standard
for each 10 samples). The recovery of sam-
ples  for  all  metals  spiked  with  standards
ranged from 90% to 105%.

Phytoremediation factors and 
quantities of metals extracted

Two  indices  were  used  to  compare  the
phytoremediation efficiency of the 12 spe-
cies:  (1)  a  bioconcentration  factor  (BCF),

defined as the ratio of metal concentration
in plant aboveground parts to metal con-
centration  in  soil;  and  (2)  a  translocation
factor  (TF)  to  compare  the  capacity  of
plants  to  translocate  the  metal  absorbed
to their aboveground parts. TF is obtained
by calculating the ratio between the metal
concentrations  in  aboveground  parts  to
that in root tissues. Quantities of metal ex-
ported  from  the  metal-spiked  soils  were
calculated  considering  the  metal  concen-
tration in aboveground parts multiplied by
the average dry plant dry weight of each
species.

Statistical analysis
All  collected  data  were  analysed  using

mixed-model  ANOVA.  The  model  com-
prised random factor blocks (4), as well as
fixed factors – contaminant (5) and species
(12).  Post-hoc comparisons  (Tukey’s  HSD
and t-test) were made to contrast the lev-
els  of  the independent variables,  and dif-
ferences  were  deemed  significant  when
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Tab. 2 - List of the tested shrub species.

# Species Family Life form

1 Weigelia florida (Bunge) DC “Red Prince” Caprifoliaceae Deciduous

2 Spiraea japonica L. Rosaceae Deciduous
3 Hibiscus mutabilis L. Malvaceae Deciduous
4 Hibiscus syriacus L. “Hamabo” Malvaceae Deciduous

5 Salix integra Thunb. “Hakuro Nishiki” Salicaceae Deciduous
6 Nerium indicum L. Apocynaceae Evergreen

7 Nandina domestica Thunb. Berberidaceae Evergreen
8 Euonymus japonicus Thunb. Celastraceae Evergreen
9 Pittosporum tobira Banks ex Gaertn. Pittosporaceae Evergreen

10 Photinia × fraseri Dress. Rosaceae Evergreen
11 Rhododendrum pulchrum Sweet Ericaceae Semi-evergreen

12 Senna corymbosa (Lam.) Irwin & Barn. Leguminosae Semi-evergreen

Fig. 2 - Pictures of 
some of the 
selected shrub 
species taken in the 
urban environment 
of the City of Shang-
hai. (A): Nerium 
indicum (in the back-
ground) and Pho-
tinia × fraseri (in the 
foreground); (B): 
Photinia × fraseri;  
(C): Euonymus 
japonicus; (D) Pit-
tosporum tobira.
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p < 0.05. All analyses were performed using
JMP® v. 8.0 (SAS Institute, Cary, NC, USA).

Results and discussion

Comparison of yield
In  general,  all  plants  survived  and  per-

formed well regardless of the treatment to
which they had been exposed.  Fig. 3 pres-
ents means of dry biomass for the twelve
species after one growing season. As each
species was of different dimensions at es-
tablishment,  we  can  only  compare  each
species  according  to  the  diverse  treat-
ments;  no  comparison  can  be  made  be-
tween  species.  We  observed  that  soil
spiked with the metal salts did not signifi-
cantly affect the yield of the different plant
species. Among all species, only Euonymus
japonicus showed a significant reduction of
dry aboveground biomass when grown in
the  plot  containing  the  three  metals  to-
gether  and  compared  to  the  control.  In
several cases, and although it was not sig-
nificant,  we  even  observed  better  plant
performance in metal spiked soils in com-
parison to control plots. The two  Hibiscus
species were particularly  productive in  all
experimental  treatments.  Several  Hibiscus
species, notably  H. cannabinus,  have been
used frequently in phytoremediation trials
and showed good potential to absorb cad-
mium (Bada & Raji 2010), chromium (Ogun-
leye et al. 2016) or lead (Ho et al. 2008) in
their tissues. Since plant biomass is a deter-
minant  factor  for  successful  phytoextrac-
tion and a determinant factor for success-
ful application of phytoremediation (Reev-
es & Baker 2000), these preliminary results
are encouraging.

Metal concentrations in plant tissues
Analysis  of  metal  concentrations  in

aboveground and root tissues provides an-
other  picture  of  the  performance  of  the
plants tested (Fig. 4a-Fig. 4c).  Plants with
the  best  growth  performance  were  not
those  presenting  the  highest  metal  con-
centrations in their organs. For copper (Fig.
4a),  Spiraea  japonica showed  the  highest
concentrations  in  both  aboveground  and
root tissues (p < 0.05). To our knowledge,
none of  the  Spiraea species  has  been re-
ported as a performing plant for phytore-
mediation.  In  this  experiment,  this  plant
species  presented  very  poor  growth  per-
formance  in  all  treatments,  including  in
control plots. It seems that S. japonica was
not well adapted to the general conditions
of the site and its poor physiological func-
tioning may  have  resulted  in  an  over  ab-
sorption of toxic metals (Nouri et al. 2009).
The highest lead concentration (Fig. 4b) in
aboveground parts was found in  Nandina
domestica (sacred  bamboo),  a  common
Berbiridaceae  ornamental  plant  in  China
that  has  become invasive  in  the USA fol-
lowing its introduction in the 1800s (Givens
2015). No report was found in the scientific
literature about the potential  of  this  spe-
cies in phytoremediation. However, a very
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Fig. 3 - Means of dry biomasses for the twelve shrub species after one growing season
according to each treatment: soil spiked with Cu, Pb or Zn, a treatment containing a
mix of those three metals (3m) and a control (C), without contamination. (*): Euony-
mus  japonicus  was the only  species  showing significant  changes  according to  the
treatments.  Values not connected by same letter are significantly different (p < 0.05).
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Fig. 4 - Mean concentra-
tions of Cu (A), Pb (B)
and Zn (C) in the plant

parts of the twelve
shrub species planted in

soil spiked with Cu, Pb
or Zn, and in control

plots (C), without con-
tamination. Species

codes: (1): Weigela flor-
ida “Red Prince”;

(2): Spiraea japonica;
(3): Hibiscus mutabilis;

(4): Hibiscus syriacus
“Hamabo”; (5): Salix

integra “Hakuro Nishi-
ki”; (6): Nerium indicum;
(7): Nandina domestica;

(8): Euonymus japoni-
cus ; (9): Pittosporum

tobira; (10): Photinia ×
fraseri; (11): Rhododen-

dron pulchrum; (12):
Senna corymbosa. Val-
ues not connected by

the same letter are sig-
nificantly different

(p < 0.05).
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high  mean  concentration  of  lead  (639
ppm) was found in the aboveground parts
of these specimens at the end of the first
growing season. This is a particularly high
value considering that, even in hyperaccu-
mulator plants like  Brassica spp., such lev-
els  are rarely reported (Baker et al.  1994,
Yanqun et al. 2004). The highest concentra-
tions of zinc were again found in  S. japon-
ica, but also in  Salix integra “Hakuro Nishi-
ki”  (Fig.  4c).  Failure  to  thrive  in  Spiraea
plants may also have led to high accumula-
tions  of  both  zinc  as  well  as  copper.  Re-
sults for the  Salix cultivar are less surpris-
ing. Willows are known for their capacity to
absorb and accumulate significant  quanti-
ties of zinc in their  tissues, and there are
abundant  literature  reports  of  situations
where  willows  have  been  efficient  in  ab-
sorbing zinc in controlled as well as in field
experiments (Bissonnette et al.  2010,  Dos
Santos Utmazian & Wenzel 2007,  Dos San-
tos Utmazian et al.  2007,  Han et al.  2013,
Guidi Nissim et al. 2018).

The  metal  concentrations  measured  in
stems of some of the plants were compa-
rable  to  results  reported in other  studies
for  species  identified  as  having some po-
tential  for  phytoextraction.  For  instance,
Cu concentration in  S.  japonica compared
with the 300 ppm found in stems of Hirsch-
feldia  incana,  a  Brassicaceae which grows
naturally  on  vineyard  soils  contaminated
with  copper  (Poschenrieder  et  al.  2001).
Lead concentration in shoots of  N. domes-
tica reached  578  ppm  (Fig.  4b),  a  value
comparable to those reported for the hy-
peraccumulators  Brassica juncea and B. na-
pus (Lim et al. 2004,  Sheng et al. 2008). It
should  be  also  pointed  out  that  high  pH
values measured in all plots of the experi-
mental site (Tab. 1) have certainly contrib-
uted to limit metal uptake by roots (Mench
et al. 1994, Alloway 2013, Kidd et al. 2015).

In a similar study conducted over a three-
month period on a site polluted by high lev-
els of contaminants at comparable concen-
trations to those used in our study, Zhuang
et  al.  (2007) tested  eight  different  herb
species. They found much lower concentra-
tions in the aerial plant part tested. For in-
stance, the highest concentrations of lead
(146 ppm) was found in Dianthus sinensis, a
value  two  to  four  times  lower  than  the
concentrations detected in  S. japonica and
N. domestica respectively. Since shrub spe-
cies with higher productivity were selected
in the present study, we can anticipate that
greater quantities of metal will also be ex-
tracted from the contaminated soil.

In  plots  where  the  three  metals  were
combined,  concentrations of  copper,  lead
and zinc were generally higher in root tis-
sues for all plants tested (Fig. 5). The high-
est  concentration,  although  not  statisti-
cally significant, was observed in Euonymus
japonicus. In both roots and aboveground
tissues, metal concentrations were gener-
ally lower in comparison to levels observed
when  plots  were  spiked  with  only  one
metal.  Again,  S.  japonica was  revealed to

be the best performing species in concen-
trating the three metals in its aboveground
parts, while, curiously,  N. domestica had a
very low Pb concentration. It is quite plau-
sible  that  the  combination  of  the  three
metals in high concentrations in the same
edaphic environment affected the sorption
and absorption of those elements and con-
sequently  plant  capacity  to  absorb  them
(Lasat 2000).

Bioconcentration factor
The bioconcentration factor is defined as

the ability of a plant to take up and trans-
port  metals  to  its  aboveground  parts,
which  can be  harvested to  discharge  the
soil  of  the contaminant.  BCFs were calcu-
lated at the end of the first growing season
for all species, and results are reported in
Tab. 3. An efficient plant for phytoextrac-
tion should have a BCF superior to 1 (Yan-

qun et al. 2004). In this study, BCFs of the
tested  plants  were  extremely  low.  The
highest BCFs calculated were for  S. japon-
ica, for which BCFs varied between 0.1 for
Cu and Pb and 0.26 for Zn. These low fac-
tors could be related to the state of devel-
opment of the plants and, in particular, to
the weak development of the root systems
in recently established plants. The fact that
the  metal  concentrations  in  the  spiked
plots  were very high (1128,  840 and 2453
ppm for Cu,  Pb and Zn,  respectively)  cer-
tainly played a role in producing these low
values.

Translocation factors
The translocation factor refers to the effi-

ciency of the plant in translocating the ac-
cumulated metal from its roots to shoots
(Ali  et  al.  2013).  In  phytoremediation,
plants with a TF superior to 1 are suitable.
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Tab. 3 - Bioconcentration factors calculated for each shrub species at the end of the
first growing season. Values not connected by same letter are significantly different
(p< 0.05).

Species Cu-spiked soil Pb-spiked soil Zn-spiked soil

Weigela florida “Red Prince” 0.023 c 0.073 bcd 0.094 cd

Spiraea japonica 0.108 a 0.106 ab 0.256 a

Hibiscus mutabilis 0.010 c 0.003 e 0.035 ef

Hibiscus syriacus “Hamabo” 0.011 c 0.002 e 0.017 f

Salix integra “Hakuro Nishiki” 0.019 c 0.009 cde 0.182 b

Nerium indicum 0.006 c 0.005 de 0.021 ef

Nandina domestica 0.013 c 0.169 a 0.028 ef

Euonymus japonicus 0.016 c 0.016 cde 0.044 ef

Pittosporum tobira 0.008 c 0.013 cde 0.121 c

Photinia × fraseri 0.007 c 0.014 cde 0.034 ef

Rhododendron pulchrum 0.053 b 0.076 bc 0.062 de

Senna corymbosa 0.018 c 0.026 cde 0.010 f
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Fig. 5 - Mean concentrations of Cu, Pb and Zn in aboveground parts and roots of the
twelve shrub species planted in plots contaminated with a mix of those three metals
at  the  end  of  the  first  growing  season.  Species  codes:  (1):  Weigela  florida “Red
Prince”; (2):  Spiraea japonica; (3): Hibiscus mutabilis; (4):  Hibiscus syriacus “Hamabo”;
(5):  Salix integra “Hakuro Nishiki”; (6):  Nerium indicum; (7):  Nandina domestica; (8):
Euonymus japonicus; (9):  Pittosporum tobira; (10):  Photinia × fraseri; (11):  Rhododen-
dron pulchrum; (12):  Senna corymbosa. Values not connected by the same letter are
significantly different (p < 0.05).
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Transfer  factors  were  calculated  for  the
twelve species tested in this study and are
presented  in  Tab.  4.  The  majority  of  TFs
was below 1 and was over or close to 1 only
in N. domestica for lead, and S. japonica for
zinc. TFs for copper were in general lower
than  those  calculated  for  lead  and  zinc.
Considering all species, we calculated a TF
mean (results not shown) of 0.16 for cop-
per. The mean value for zinc was twice as
high (0.29). The transfer factor is a major
criterion for identifying plants that can be
used  in  phytoremediation,  and  it  would
therefore be interesting to see how N. do-
mestica will perform after several growing
seasons in soil contaminated by lead.

Quantity of metal extracted by plants
The quantity of metal taken up from the

soil by plants can be calculated by multiply-
ing  its  concentration in  the  aboveground
parts by the dry weight of these portions.
Total quantities of metal take up were cal-
culated for all tested plants, are expressed
in milligrams and presented in Tab. 5.

As results are influenced by the biomass
produced,  this  provides  yet  another  pic-
ture for comparison with data presented in
Fig. 4. In general,  plants that have grown
well  will  take  up  superior  quantities  of

metal (Fig. 4 and Tab. 5). This was the case
for  the  two  Hibiscus species  (for  copper
and zinc) and Pittosporum tobira (for zinc).
More surprisingly,  and despite their weak
biomass  production,  N.  domestica (for
lead) and S. japonica (for the three metals)
were among the best performing species.
Willows also extracted relatively high quan-
tities of  zinc,  although their  biomass pro-
duction  was  among  the  lowest  of  all
plants.  The same patterns were generally
observed for plots contaminated with the
mix of the three metals. It should be em-
phasized that there were few statistical dif-
ferences between the values for different
plant  species as presented in  Tab.  5.  This
was  due  to  the  high  variance  demon-
strated by the statistical analysis.

Conclusions
This study reports preliminary results on

early  performance  of  twelve  ornamental
Chinese  shrub  species  selected  for  their
growth characteristics and capacity to sup-
port repeated harvesting. Plants were fol-
lowed  during  a  first  growing  season  and
evaluated for their capacity to uptake inor-
ganic  contaminants  from soil  spiked with
copper, lead and zinc. In general, plants did
not  present  signs  of  phytotoxicity  after

seven  months  of  growth  and  demon-
strated  fairly  normal  development  and
growth.  This  is  relevant information,  con-
sidering the objective of this work, which
was to identify species resistant to urban
conditions  and  able  to  colonize  contami-
nated  areas.  Some  species  clearly  grew
better  than others.  The two  Hibiscus spe-
cies and  Senna corymbosa performed par-
ticularly well in all spiked plots.

In  terms  of  capacity  to  uptake  metals,
Spiraea  japonica and  Nandina  domestica
were revealed to be two of the best per-
forming  species.  To  our  knowledge,  the
phytoremediation  potential  of  these  taxa
has never been reported in the literature. If
their general performance continues or im-
proves over the coming growing seasons,
these two species could be considered for
the revegetation of polluted sites, particu-
larly those contaminated with lead.

Calculated quantities  of  metal  extracted
after one growing season were very small.
In the best situation, it was estimated that
only  a  few dozen mg could  be extracted
over  the  initial  growing  season  following
establishment. Results for copper and lead
were particularly weak, but for zinc, values
were significantly higher. This parameter is
largely controlled by growth performance.
The  species  with  high  yield,  such  as  the
two Hibiscus species, presented more inter-
esting values in terms of quantity of metal
extracted,  and  could  also  be  among  the
species  that  could  eventually  be  recom-
mended for decontamination of  soils  pol-
luted by inorganics.
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Tab. 4 - Transfer factors calculated for each shrub species at the end of the first grow -
ing season. Values not connected by same letter are significantly different (p< 0.05).

Species Cu-spiked soil Pb-spiked soil Zn-spiked soil

Weigela florida “Red Prince” 0.166 bcd 0.694 ab 0.384 c

Spiraea japonica 0.313 ab 0.123 d 1.079 a

Hibiscus mutabilis 0.233 bc 0.057 d 0.274 cd

Hibiscus syriacus “Hamabo” 0.082 d 0.045 d 0.193 de

Salix integra “Hakuro Nishiki” 0.134 cd 0.031 d 0.059 b

Nerium indicum 0.146 cd 0.067 d 0.180 de

Nandina domestica 0.094 cd 0.995 a 0.062 e

Euonymus japonicus 0.087 cd 0.049 d 0.069 e

Pittosporum tobira 0.094 cd 0.070 d 0.586 b

Photinia × fraseri 0.034 d 0.026 d 0.267 cd

Rhododendron pulchrum 0.385 a 0.450 bc 0.226 cde

Senna corymbosa 0.151 cd 0.238 cd 0.049 e

Tab. 5 - Mean values in mg of copper, lead and zinc extracted by the shrub species after one growing season. Values not connected
by same letter are significantly different (p< 0.05).

Species
Soils spiked by one metal Soils spiked with the three metals

Cu-spiked soil Pb-spiked soil Zn-spiked soil Cu Pb Zn

Weigela florida “Red Prince” 1.15 b 5.30 abc 8.82 cd 0.66 b 1.31 b 8.40 bcd

Spiraea japonica 2.93 ab 4.18 abc 20.28 abc 6.78 a 10.61 a 16.02 ab

Hibiscus mutabilis 3.14 ab 2.07 bc 31.05 ab 6.97 a 6.05 ab 30.21 a

Hibiscus syriacus “Hamabo” 8.00 a 2.79 abc 17.35 abc 4.50 ab 3.59 ab 16.83 ab

Salix integra “Hakuro Nishiki” 0.85 b 0.76 c 22.77 abc 1.01 b 1.48 b 4.69 cd

Nerium indicum 1.95 ab 3.19 abc 15.88 bc 7.77 a 6.11 ab 15.27 abc

Nandina domestica 0.50 b 15.58 a 3.49 d 1.22 b 2.14 b 3.80 d

Euonymus japonicus 2.88 ab 8.11 ab 21.12 abc 2.38 ab 4.32 ab 14.53 abc

Pittosporum tobira 1.20 b 5.08 abc 51.40 a 0.95 b 1.40 b 39.29 a

Photinia × fraseri 0.54 b 1.78 bc 3.71 d 1.54 ab 1.52 b 2.52 d

Rhododendron pulchrum 1.52 ab 5.27 abc 3.14 d 3.32 ab 5.86 ab 3.50 d

Senna corymbosa 3.65 ab 5.78 ab 10.66 bcd 5.12 ab 13.94 a 14.29 abc
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