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Effect of soil-applied lead on mineral contents and biomass in Acer 
cappadocicum, Fraxinus excelsior and Platycladus orientalis seedlings
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Phytoremediation is an effective and affordable approach to extract or remove
lead from contaminated soil. An understanding of the physiological responses
of different species subjected to heavy metal contamination is necessary be-
fore considering their use for environmental clean-up. The objective of this
study was to assess the effect of lead (Pb) on growth and nutrient uptake in
three forest species native to Iran: Cappadocian maple (Acer cappadocicum),
European ash (Fraxinus excelsior) and Oriental aborvitae (Platycladus orien-
talis). The capability of lead uptake in different organs was studied in one-
year-old potted seedlings grown in contaminated soils with Pb concentration
ranging from 100 to 500 mg kg-1 for six months in a nursery. Several phytoex-
traction parameters such as translocation factor (TF), tolerance index (TI) and
bioconcentration factor (BCF) were assessed to investigate the phytoremedia-
tion potential of these species. Increasing Pb application in the soil caused a
gradual decrease in dry weight of leaf and shoot of all species, while the dry
weight of root remains unaffected. However, such inhibition was less marked
in the conifer (P. orientalis) compared to the two broad-leaf species. Phospho-
rus uptake of all species slightly declined in contaminated soils. Contrastingly,
Pb  application did  not  hinder  nitrogen  and potassium uptake  in  seedlings.
Atomic absorption thermo electron analysis of Pb-treated plants showed an
increasing Pb accumulation in all plant compartments, although the result was
more evident in the tissues of P. orientalis. This species also showed the high-
est values for TF, TI and BCF, indicating this conifer species as a potential can-
didate for phytoremediation of lead-polluted soils in Iran.

Keywords: Phytoremediation, Seedling Stage, Growth, Nutrient Uptake, Lead
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Introduction
The increase of heavy metals in soil is one

of the major environmental problems that
threatens agriculture, horticulture, natural
forests,  plantations  and  finally  the  food
chain in Iran (Yousefi et al. 2015). Lead pol-
lution in Iranian soils has increased because
of  increased  disposal  of  municipal,  indus-
trial  solid as well  as liquid wastes. Vehicle
exhausts and mining industry also contrib-
ute towards environmental pollution (You-
sefi et al. 2015). Lead is a heavy metal that
can  cause  disorder  of  plant  metabolism,
but  some  plant  species  can  absorb  large
amounts of Pb through roots and accumu-

late the element in  their  tissues,  with  no
negative effect on their biology (Kibria et
al. 2006,  Kibria et al. 2007). Identifying an
economical, convenient and effective solu-
tion for removing or decreasing the harm-
ful elements in polluted soils is necessary. 

Phytoremediation technology is  a  biore-
mediation strategy that uses plants as fil-
ters  for  accumulating,  immobilizing  and
transforming contaminants to a less harm-
ful form. It generally uses tolerant plants to
extract  heavy  metals  from  the  contami-
nated soil,  and accumulate them in  plant
tissues (Salt et al. 1998).

Although  some  herbaceous  plants  have

demonstrated  good  resistance  to  heavy
metals, tree species with their bigger roots
may  reach  deeper  polluted  soils,  making
them more suitable for phytoremediation
(Abdul Qados 2015).

Previous studies (Sharma & Dubey 2005)
reported that some cationic channels such
as  calcium  channels  are  involved  in  lead
uptake in plant tissues. After Pb entry and
accumulation  in  plant  tissues,  photosyn-
thesis  can  decrease  due  to  a  lower  car-
boxylase  activity  and  negative  effects  on
the  metabolites  of  the  carbon  reduction
cycle (Stiborová et  al.  1987).  As a  non-es-
sential element for plants, lead inhibits not
only photosynthesis, changing enzyme ac-
tivities,  hormonal  status  and  respiration,
but also the metabolism and mineral nutri-
ent balance, and finally results in decrease
of  plant  growth  and production  (Päivöke
2002,  Sinha  et  al.  2006,  Gopal  &  Rizvi
2008).  Impairment  of  nutrient  elements
leads  to  decreasing  of  plant  production,
and it has been reported that heavy met-
als,  like Pb, can significantly influence the
uptake and translocation of some nutrients
in plants (Dube et al. 2003,  Kopittke et al.
2007, Wang & Chen 2009). Thus, the imbal-
ance of nutrients and decreasing of plant
biomass might be a convenient and reliable
symptom of heavy metal toxicity in plants.
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On  the  other  hand,  lead  accumulation  in
plant tissues increases with an increase in
the exogenous lead level (Lamhamdi et al.
2013).  Therefore,  plant  species  with  high
accumulation  ability  in  their  organs  are
good candidates for heavy metal remedia-
tion. 

Fewer  fast-growing  tree  species,  espe-
cially the whole family of Salicaceae, have
been  considered  for  metal  remediation
(Dickinson & Pulford 2005, Marmiroli et al.
2011,  Tognetti  et al.  2013). Despite the im-
portance of  lead contamination in Iran,  it
remains  unclear  as  to  which  native  tree
species can be used in phytoremediation of
polluted  soils.  Indeed,  the  phytoremedia-
tion potential of many tree species native
to Iran has not been investigated hitherto.

The present study focuses on the assess-
ment of selected tree species in lead reme-
diation from contaminated soils by survey-
ing their biomass production and nutrient
uptakes under lead pollution. Cappadocian
Maple (Acer cappadocicum), European ash
(Fraxinus excelsior) and Oriental arborvitae
(Platycladus orientalis) are tree species na-
tive to Iran with potential  interest in phy-
toremediation. We investigated the effect
of lead exposure on mineral content (N, P,
and K) as well as the percentage of carbon
and Pb amount in different  plant tissues,
and  their  consequences  on  biomass  pro-
duction  in  one-year-old  seedlings  of  the
above-mentioned species.

Material and methods

Nursery and plant materials
The  experiment  was  conducted  in  the

Khoshkedaran nursery, located at the west
of  Mazandaran  province,  Iran,  approxi-
mately 4 km from Nashtarood city (36° 42′
42″ N and 51°  02′ 36.9″ E).  The climate in
the region is temperate humid, character-
ized by an annual average temperature of
16.7 °C and average annual precipitation of
1233.27  mm.  A  total  of  180,  one-year-old
seedlings  of  Acer  cappadocicum,  Fraxinus
excelsior and  Platycladus  orientalis were
planted  in  individual  pots.  The  pots  with
the  3-kg  capacity  were  filled  with  sandy-
clay-loamy  soil  (46.2:  26.4:  24.5),  bearing
39.5 % moisture, pH 7.4 and EC 0.26 ds m -1.
Percentage of organic carbon, organic mat-
ter and total  nitrogen (N) in the soil  was
1.35, 2.322 and 0.11%, respectively. Besides,

the amount of absorbable phosphorus (P)
and potassium (K) was 18 and 146 mg kg -1.
The Pb content of the untreated soil in the
nursery was found to be 12.7 mg kg-1.

Lead contamination treatments
Soil  samples  were  first  contaminated

with six different concentrations of lead (0,
100, 200, 300, 400 and 500 mg kg -1), which
was used in the form of Pb(NO3)2. All  the
pots were labeled to distinguish between
treatments and then randomly arranged to
avoid  possible  bias  due  to  their  location
within  the nursery.  The treated seedlings
grew  under  natural  environment  during
the  growth  season  (six  months).  The  ex-
periment  was  carried  out  in  10  replicates
for  each  lead  contamination  treatment.
Overall,  60  seedlings  were used  for  each
species.  All  treated  seedlings  were  irri-
gated  based  on  100%  field  capacity  once
every three days.

Measurement of growth and biomass
At  the end of  the experiment,  all  seed-

lings  were  harvested  and  the  leaf,  stem
and root were separated. To obtain the dry
weight  of  each  plant  part,  samples  were
oven dried at 80 °C until  constant weight
was  achieved.  Finally,  the  dry  weight  of
each seedling was recorded.

Measurement of Pb in root, stem and 
leaf

Lead  analysis  in  plant  tissues  was  per-
formed by atomic absorption thermo elec-
tron (ICE™ 3000 Series AAS, ThermoFischer
Scientific, Waltham, MA, USA) according to
a modified manufacturer’s method. For the
sample preparation, 0.5 g of dried ground
plant  tissue  was  digested  by  3.5  ml  of
H2SO4 and ashed in the furnace for 30 min-
utes  at  250  °C.  Finally,  the  ash  was  dis-
solved in HCl and lead content was deter-
mined.

Measurement of nutrients in root, stem
and leaf

Ground plant samples were oven dried at
65 °C and then digested with a mixture of
H2SO4, H2O2 and lithium sulfate for the de-
termination  of  N,  P  and  K  (Allen  et  al.
1986).  The concentration of  the nutrients
in the digest was measured by an atomic
absorption spectrophotometer (ICE™ 3000
Series AAS).  Micro-Kjeldahl  method (Ryan
et al. 2007) was used for the determination
of  nitrogen.  Phosphorus  was  determined
by vanadomolybdo phosphoric yellow col-
or method in the nitric acid system (Ryan
et al. 2007) and potassium was measured
by a flame photometer (Kibria et al. 2010).

Phytoextraction parameters
Phytoextraction  parameters  such  as

translocation  factor  (TF),  tolerance  index
(TI)  and  bioconcentration  factor  (BCF)
were examined (Wilkins 1978,  Zayed et al.
1998, Mattina et al. 2003, Yoon et al. 2006).
The TF is the capacity of a plant to transfer
metal from its roots to shoots. TI is based

on  the  dry  weight  of  the  plant,  whereas
BCF is  an index commonly used to deter-
mine the potential of a plant for remedia-
tion  of  heavy  metals  from  contaminated
soils  to its  root  (Arifin et al.  2012).  In the
current study, the TI, TF (Yoon et al. 2006)
and BCF (Arifin et al. 2012) values for lead
were calculated as follows (eqn. 1, eqn. 2,
eqn. 3):

(1)

(2)

(3)

where DWPb and DWc are the dry weights
of  the  seedlings  grown  in  contaminated
soil  and  control,  respectively,  and  Cshoot,
Croot  and Csoil are the concentrations of lead
in shoots, roots and soil, respectively.

Statistical analysis
The experiment was performed in a com-

pletely  randomized  design.  Biomass  data
was  analyzed  by  one-way  ANOVA,  while
data of  nutrient elements and Pb adsorp-
tion  were  analyzed  by  two-way  ANOVA.
Shapiro-Wilk’s  and Levene’s test were ap-
plied  to  test  for  normality  and  variance
homogeneity  across  treatments,  respec-
tively.  All  statistical  analyses  were carried
out  using  SPSS® ver.  16.0  (IBM,  Armonk,
NY,  USA).  Differences  among  treatments
were tested using the Duncan’s test with
α=0.05.

Results

Seedling mortality
Seedling  mortality  was  not  observed

after  the  application  of  lead  in  the  soil.
Symptoms  of  leaf  senescence  were  less
evident in A. cappadocicum, whereas other
species had sufficient vitality.

Dry biomass
Lead contamination in the soil showed a

negative  effect  on  dry  biomass  in  all  the
treated  seedlings  of  A.  cappadocicum,  F.
excelsior, P. orientalis (Tab. 1), but the level
of  adverse effects  was  different  for  each
species  and their  parts  (Fig.  1,  Fig.  2 and
Fig. 3). A. cappadocicum seedlings exposed
to moderate and high concentrations of Pb
(from 200 to 500 mg kg-1) showed a signifi-
cant  decrease  in  leaf  and  stem  biomass,
whereas  the dry  weight  of  roots  did  not
show  any  considerable  difference  across
Pb treatments (Fig. 1). The total biomass of
the  species  was  significantly  affected  by
soil Pb at concentration ≥ 200 mg kg-1.

Exposure of  F. excelsior seedlings to 500
mg  kg-1  of  soil  Pb  concentration  declined
the dry biomass of shoots and leaves (Fig.
2),  while  no significant  changes  were de-
tected  for  low  and  moderate  concentra-
tions of Pb. Root biomass of seedlings of
this  species  was  significantly  affected  at
400 mg kg-1  of soil Pb concentration, while
root biomass at 500 mg kg-1  of soil Pb con-
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Tab.  1 -  One-way  ANOVA of  plant  bio-
mass of the three species grown in lead
contaminated soil. Only F values are pre-
sented.  (*):  p<0.05;  (**):  p<0.01;  (ns):
not significant.

Bio-
mass

P.
orientalis

F.
excelsior

A.
cappado-

cicum
Leaf 17.3** 4.319** 8.652**
Stem 1.307 ns 2.916* 3.24*
Root 0.428 ns 9.209* 1.667 ns

Total 5.04** 10.159* 4.882**
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Fig. 1 - Dry biomass in root, shoot, and leaf of Cappado-
cian Maple (Acer cappadocicum) seedlings grown at

different Pb concentrations in the soil. Control
seedlings (“0” treatment) received 12 mg kg-1 Pb from

untreated soils in the nursery. Different letters indicate
significant differences (P< 0.05) among Pb treatments

after Duncan’s tests.

Fig. 2 - Dry biomass in root, shoot, and leaf of Euro-
pean ash (Fraxinus excelsior) seedlings grown at differ-

ent Pb concentrations in the soil. Control seedlings
(“0” treatment) received 12 mg kg-1 Pb from untreated

soils in the nursery. Different letters indicate signifi-
cant differences (P< 0.05) among Pb treatments after

Duncan’s tests.

Fig. 3 - Dry biomass in root, shoot, and leaf of Oriental
arborvitae (Platycladus orientalis) seedlings grown at

different Pb concentrations in the soil. Control
seedlings (“0” treatment) received 12 mg kg-1 Pb from

untreated soils in the nursery. Different letters indicate
significant differences (P< 0.05) among Pb treatments

after Duncan’s tests.
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centration  was  not  significantly  different
from  that  observed  in  the  control.  As
expected,  the  minimum  total  biomass  in
this  species  was  observed  for  seedlings
subjected to 400 and 500 mg kg-1  Pb in the
soil.

An inhibitory effect of Pb on leaf biomass
of  P.  orientalis seedlings  was  observed,
compared  to  control  seedlings,  while  the
effect  of  Pb  contamination  on  stem  and
root  was  not  significant.  On  the  other
hand, the total dry biomass of the species
did not show considerable modifications in
response  to  increasing Pb concentrations
(Fig. 3).

Lead uptake and nutrient element 
content

The results of two-way ANOVA indicated
that Pb uptake and N, P and K content in
seedlings  of  all  species  were  significantly
different among Pb treatments and differ-
ent plant organs (Tab. 2). Also, the interac-
tion effect of Pb treatment and plant organ
was significant for all species and element
contents, except for K in Platycladus orien-
talis. 

Concentrations of lead in leaf,  stem and
root of seedlings of each species across the
different Pb treatments are shown in  Fig.
4. The results showed that the Pb concen-
tration in controls were lowest in Cappado-
cian maple (A. cappadocicum) and highest
in  Oriental  arborvitae  (P.  orientalis).  The
results  of  Duncan’s  test  clearly  indicated
that the application of lead to soil  signifi-
cantly increased the concentration of this
element in the roots, shoots and leaves, as
compared with  the relative  control,  in  all
the studied species.  Total  lead concentra-
tions  reached 60 mg kg1 dry  matter  in  F.
excelsior seedlings and 120 mg kg1 dry mat-
ter in  P. orientalis at 500 mg kg-1  Pb in the
soil, while the highest amount of lead for
A. cappadocicum seedlings was recorded at
soil Pb concentration of 400 mg kg-1, reach-
ing 100 mg kg1 dry matter. The lowest con-
tent of  lead was recorded in stems of  A.
cappadocicum and  F.   excelsior and in the
leaves  of  P.  orientalis.  It  has  also  been
observed that only P. orientalis could accu-
mulate a high amount of Pb in the stem.

Comparison of macroelements (N, P and
K) mean content in different plant organs
among Pb treatments is represented in Fig.
5. The results of Duncan’s test revealed a
negligible difference among treatments in
the amount of nitrogen (N) in various tis-
sues of all the three species (Fig. 5A-B-C). In
contrast, total phosphorus (P) content sig-
nificantly declined with increasing lead sup-
ply in all the species (Fig. 5D-E-F). The de-
crease in P concentration in the different
organs of P. orientalis was more prominent
than in  the other  species,  whereas  the K
content was stable in various tissues of the
three  species  across  Pb  treatments  (Fig.
5G-H-I).

Phytoextraction parameters
Lead contamination in the soil significant-
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Tab. 2 - Two-way ANOVA of nutrient content and Pb uptake in plant organs of the
three species subjected soil  lead contamination. Only F values are presented. (**):
p<0.01.

Species Element
Plant organ ×
Pb treatment Pb treatment Plant organ

Acer 
cappadocicum

N 7.28** 13.56** 11.152**
P 8.92** 7.25** 308.7**
K 3.39** 5.38** 640.8**
Pb 31.48** 123.12** 438.59**

Fraxinus 
excelsior

N 5.00** 7.97** 1949.3**
P 12.67** 26.64** 501.08**
K 6.22** 17.2** 873.2**
Pb 45.3** 104.08** 794.73**

Platycladus 
orientalis

N 2.04** 8.92** 699.1**
P 5.21** 23.27** 334.38**
K 0.73ns 2.69* 19.21**
Pb 111.83** 329.71** 1467.73**

Fig. 4 - Pb concentration (mg
kg-1 or ppm) in different tis-
sues of Cappadocian Maple

(Acer cappadocicum - A), Euro-
pean ash (Fraxinus excelsior -

B) and Oriental arborvitae
(Platycladus orientalis - C)

seedlings at the end of grow-
ing season. Control seedlings

(“0” treatment) received 12
mg kg-1 Pb from untreated

soils in the nursery. Different
letters indicate significant dif-

ferences (P< 0.05) among
treatments after Duncan’s

test.
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ly  affected  the  Translocation  Factor  (TF),
Tolerance Index (TI) and Bio-Concentration
Factor (BCF  – Tab. 3). Lead contamination
decreased the seedling TF in all the species
(Fig. 6). Interestingly, low level of contami-
nation (100 mg kg-1  Pb treatment) resulted
in a considerable improvement of TI in the
seedlings of  P. orientalis. TI values ranged
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Tab. 3 - One-way ANOVA of phytoextraction parameters of the three studied species
under different lead contamination levels. Only F values are presented. (**): p<0.01.

Parameter Platycladus
orientalis

Fraxinus
excelsior

Acer
cappadocicum

Translocation factor (TF) 17.017** 29.39** 32.529**
Tolerance index (TI) 5.04** 10.159** 6.103**
Bioconcentration factor (BF) 127.16** 280.37** 151.64**

Fig. 5 - Macro-element content (nitrogen:
A, B, C; phosphorus: D,E,F; potassium: G,

H, I) in leaves, stem and roots of Cappado-
cian Maple (Acer cappadocicum – top),

European ash (Fraxinus excelsior – middle)
and Oriental arborvitae (Platycladus orien-
talis – bottom) seedlings  grown at differ-

ent Pb concentrations in the soil (0, 100,
200, 300, 400, 500 mg kg-1). Control

seedlings (“0” treatment) received 12 mg
kg-1 Pb from untreated soils in the nursery.
Different letters indicate significant differ-

ences (P< 0.05) among treatments after
Duncan’s test.

Fig. 6 - Effect of lead contamination
in the soil on Translocation Factor

(TF – A, D, G), Tolerance Index (TI –
B, E, H) and Bioconcentration Fac-

tor (BCF – C, F, I) in seedlings of the
three studied species (Acer cap-

padocicum – top; Fraxinus excelsior
– middle; Platycladus orientalis –
bottom). Control seedlings (“0”

treatment) received 12 mg kg-1 Pb
from untreated soils in the nursery.
Different letters indicate significant
differences (P< 0.05) among treat-

ments after Duncan’s test.
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from 80 to 100 in all  the treatments (Fig.
6B-E-H).  The  lowest  values  of  TI  were
recorded  in  the  400  and  500  mg  kg-1  Pb
treatments in all the species, with the mini-
mum value (TI=80) recorded for F. excelsior
at 400 mg kg-1  Pb. Maximum TI was found
in  the control  and sometimes in the low-
level  contamination  treatments,  which
showed no significant difference with their
respective controls at 5% level.

The highest mean value of BCF was esti-
mated for the control seedlings, while the
lowest  at  500  mg  kg-1  Pb  (Fig.  6C-F-I).
Increasing  the  Pb  amount  in  soil  signifi-
cantly decreased BCF across all the studied
species.  The  highest  value  of  BCF  (3.16)
was observed in control seedlings of P. ori-
entalis.

Discussion
Growth disorders and biomass reductions

are  commonly  observed  in  plants  sub-
jected to high levels  of  metal  contamina-
tion (Panich-Pat et al. 2010). The decline in
plant  growth  occurs  due  to  the  adverse
effect of heavy metals on cell division and
may be due to their influence on DNA, RNA
or protein metabolism (Auda & Ali 2010). In
this  study,  total  dry  biomass  of  seedlings
declined by 14, 8 and 5% for  A. cappadoci-
cum,  F.  excelsior and  P.  orientalis, respec-
tively, when exposed to lead at high con-
centration  (500  mg  kg-1  Pb).  Malar  et  al.
(2014) reported  that  plant  biomass  is  a
good  indicator  of  plant  growth  perfor-
mance  in  presence  of  heavy  metals.  Ac-
cordingly,  we observed an adverse effect
of lead on seedling growth, which became
more evident at the higher concentrations
of  lead  in  the  soil.  Among  the  studied
species, growth inhibition was lower in  P.
orientalis compared to the other two spe-
cies, while seedling mortality was not ob-
served in any species. Roots of studied tree
species seemed to be more tolerant to lead
pollution than shoots  and leaves.  Indeed,
we observed that the dry biomass of seed-
ling roots was not significantly affected by
increasing  Pb  concentrations  in  the  soil,
whereas  leaf  biomass was  more sensitive
to the lead contamination.

Lamhamdi et al. (2013) reported that the
decrease of plant dry weight can be essen-
tially attributed to a deficiency of some nu-
trient elements, especially N, P and K, re-
sulting from the inhibition of their uptake
under Pb exposure. In this study, lead con-
tamination significantly affected N, P and K
adsorption,  but  the  contamination  could
not remarkably inhibit the uptake of essen-
tial  elements, so much as P content in  P.
orientalis seedlings  varied  across  treat-
ments  by  a  negligible  amount.  Contrast-
ingly,  Akinci  et  al.  (2010) and  Päivöke
(2002) observed  a  negative  correlation
between P uptake and lead concentration
in the soil.

Our results clearly showed that a remark-
able deficiency of N, P and K did not occur
when  seedlings  were  subjected  to  lead
contamination, though a slight reduction in

plant  biomass  was  observed,  particularly
for broad-leaved species (A. cappadocicum
and  F.  excelsior).  Lead  contamination  re-
sults in phytotoxicity primarily by inactivat-
ing  enzymes  and  causing  physiological
changes (Rascio & Navari-Izzo 2011,  Santa-
na et al. 2012). Therefore, we conclude that
the presence of the heavy metal Pb in soil
can have some inhibitory effects on physio-
logical and biochemical parameters of the
three  studied  species.  Lead  can  create
physical barriers and disturb the physiology
of root absorption,  thereby inhibiting the
uptake of many essential ions (Godbold &
Kettner 1991,  Deng et al. 2009,  Fahr et al.
2013).  Pb  toxicity  disrupts  the  uptake  of
other macroelements (Ca,  Mg and Na) or
microelements (Fe, Cu, and Zn), which are
essential  for  plant  growth  (Shahid  et  al.
2012, Callahan et al. 2016).

The observed ability  of  Pb bioaccumula-
tion suggests the existence of an efficient
hyper-accumulation  mechanism  in  the
studied species, which allows for removal
of  the  heavy  metal  from  contaminated
soils (Malar et al. 2014). Our findings clearly
showed  the ability  of  P.  orientalis  in  phy-
toremediation of highly-contaminated soil.
Furthermore,  the  amount  of  Pb  accumu-
lated by  P.  orientalis  was  more  than  two
times as compared to A. cappadocicum and
F. excelsior.

The Translocation Factor (TF) reflects the
capacity of a plant to transfer metal from
its  roots  to  shoots  (Ebrahimi  2013).  We
found  that  TF  declined  for  all  species  in
response to increasing levels of Pb concen-
tration in soil. Interestingly, TF significantly
increased  in  P.  orientalis  when  seedlings
were subjected to 100 mg kg-1  Pb. The Tol-
erance Index (TI) is assumed to equal 100
when  there  is  no  influence  of  the  treat-
ment on growth,  whereas  it  takes  values
higher or lower than 100 in the case of pos-
itive or negative effects of the treatment,
respectively  (Zaier  et  al.  2010).  We  ob-
served that TI values slightly decrease in all
the species with increasing soil Pb contami-
nation,  the  lowest  TI  values  being  for  F.
excelsior at 400 and 500 mg kg-1  Pb. On the
other side, TI for  P. orientalis  was close to
100 even when the plant was subjected to
a high concentration of the heavy metal.

Bioconcentration factor (BCF) is  defined
as the ratio of heavy metal concentration
in plant organs to that in the soil (Malik et
al.  2010).  In  this  study,  BCF  varied  across
species and Pb concentrations in the soil,
with values < 1 in all treatments except in
control. BCF decreased with increasing Pb
concentration in the soil, which suggests a
restriction in soil-root transfer at higher Pb
concentrations  in  the  soil  (Justin  et  al.
2011). Although BCF was < 1 in all the three
studied species, P. orientalis was more suc-
cessful in the extraction of lead from the
soil.

Conclusion
Our findings indicate that lead treatments

even at high concentrations do not induce

a  significant  disturbance  in  N,  P  and  K
uptake by plants. Moreover, we observed
negative effects of lead contamination on
plant production in all the three species.

The lack of mortality and the lack of a sig-
nificant  reduction in  growth suggest  that
the studied species are promising in phy-
toremediation  of  lead-polluted  soils,  al-
though Oriental arborvitae (Platycladus ori-
entalis) appears to be far more resistant to
lead  contamination.  Indeed,  this  conifer
showed  a  larger  Pb  uptake  and  accumu-
lation  in  tissues,  while  nutrient  uptake,
growth  and  biomass  production  did  not
change considerably. Further, seedlings of
P. orientalis showed higher TI values com-
pared to the two broadleaf species, and a
higher  lead  translocation  from  root  to
stem, according to TF and BCF. Finally, the
two broadleaves showed a lower lead ac-
cumulation in their stems as compared to
the conifer species.

Therefore, it is concluded that Platycladus
orientalis exhibits more relative resistance
to lead contamination and is more suitable
for phytoremediation of lead-polluted soils
as  compared  to  Acer  cappadocicum and
Fraxinus excelsior. Further studies are need-
ed to explore its response to more severe
contaminations under prolonged exposure
time.
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