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SUMMARY

An experiment was conducted in the pot culture house to study the phytoremediation potential of Azadirachta indica and Acacia
nilotica. The tree species were raised in dune sand treated with heavy metals (Cd 10 and 20 ppm, Ni 50 and 100 ppm, Pb 50 and 100
ppm). The physiological stress indices like relative membrane injury (%) and chlorophyll content were studied to determine the
tolerance of the two woody species to heavy metal stress. Keekar was found to be more tolerant in terms of relative membrane injury
and chlorophyll content as compared to Neem. Among the heavy metals studied Ni was most toxic in terms of relative membrane
injury. The accumulation of heavy metals in the two woody species and in their different parts varied. Cd accumulation was higher
in Neem as compared to Keekar. Maximum accumulation of Cd was in the roots followed by leaves and minimum in stem. A 5-6 fold
higher Ni accumulation was observed in Keekar roots as compared to Neem roots. However, in the stem and leaves Neem accumulated
more Ni than Keekar. Pb accumulated mainly in leaves followed by roots and minimum in the stem. Pb accumulation was higher in
Keekar. Thus it can be concluded that in terms of physiological tolerance and Pb and Ni accumulation, Acacia nilotica can be used for

phtoremediation purposes.
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Article chronicle :

ytoremediation is an environmental clean-up strategy

in which selected green plants are employed to remove,
contain or render environmentally toxic contaminants
harmless. This is an emerging biotechnological application
and operates on the principles of biogeochemical cycling
(Prasad, 2004). This remediation approach is attracting
attention from various governments as a cost-effective and
environment-friendly green technique to clean-up heavy metal
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polluted soil using hyperaccumulators. Over the past 10 years,
woody plants have been shown to be excellent candidates
for phytoremediation, due to rapid growth, high biomass,
profuse root apparatus and low impact on the food chain and
human health (Salt ez al., 1998; Pilon-Smits, 2005; Yadav et al.,
2010). Most of the hyperaccumulator plants so far identified
have a small biomass for eg Thalspi (Prasad and Freitas, 2003).
Plants with higher biomass production such as trees are of
more interest in soil phytoremediation (Lanberg and Greger,
1996) and has the added advantage that it can be harvested
for the production of biomass energy. Majority of such work
concerns accumulation capacity and biomass production of
woody plants as a response to high concentration of
pollutants (Pulford and Watson, 2004). Phytoremediation
using trees provides a potential opportunity to extract or
stabilize metals. It involves the use of trees that readily
transport targeted metals from soil to plant organs, which
allows removal of metal by harvesting from the plant. This
process takes longer time but helps in the greening of the
land and in reducing pollution (Pulford and Dickinson, 2006).
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However, there is need to identify trees that can tolerate
heavy metal stress and have the ability to uptake and
translocate the metal to the aerial parts. Very little work has
been done to integrate multipurpose trees into
phytoremediation projects for cleaning contaminated sites.
Thus, in the present investigations the ability of two woody
species Azadirachta indica (Neem) and Acacia nilotica
(Keekar) from heavy metal treated soil to their above-ground
tissues was studied in pot culture house experiments.
Nutrient culture experiments have the advantage of
accessibility of the roots for observation and ease of
harvesting.

MATERIALS AND METHODS

This experiment was conducted in the pot culture house.
Cemented pots were filled with 8 kg dune sand. The sand was
flushed thoroughly with water. The heavy metals in the
following concentrations were added to the dune sand.

Cd 10 and 20 ppm

Ni 50 and 100 ppm

Pb 50 and 100 ppm

Neem and Keekar were raised in dune sand treated with
heavy metals as mentioned above. The trees were supplied
with equal amounts of nutrient solution every fifteen days
initially and after 30 days after two months. The plants were
sampled after four months and analyzed for the various
parameters.

Heavy metal content :

The heavy metal content of different parts of trees was
estimated. The trees were extracted, washed and separated
into leaves stem and roots. The plant parts were dried in oven
at 70°C. 500 mg tissue was digested in HNO,:HCIO, mixture
and the heavy metal content was analyzed by AAS.

Chlorophyll and carotenoid content :

Leaf discs (0.03g) were washed, blotted dry and then
dipped in dimethyl sulphoxide overnight as described earlier
by Sawhney and Singh (2002). The absorbance of the solution
was recorded next day at 480, 645 and 663 nm, respectively

Relative membrane injury :

Relative membrane injury was analyzed according to the
method of Zhang et al. (2006). Two hundred and fifty mg of
fully expanded leaves were rinsed with distilled water and
immersed in 10 ml de-ionised water in vials and incubated at
259C for 4 h. Electrical conductivity (EC) of the bathing medium
was measured at 25°C (Xi). The tissue along with leachate
was then boiled at 100°C for 30 min to completely disrupt the
cell structure. The solution was brought to 25°C and its EC
was measured again (Xt). Relative injury was calculated from
the equation [(Xi/Xt) x 100].

RESULTS AND DISCUSSION

Trees have been suggested as low cost sustainable and
ecologically sound solution to the remediation of metal
contaminated sites. Also while a high metal content in
agricultural crops is not desirable, a high metal content in
trees is acceptable as long as physiological activity is not
affected (Singh et al., 2011). In the present investigations
relative membrane injury and chlorophyll content were used
as the stress markers for assessing the physiological tolerance
to heavy metals. The electrolyte leakage under stress
conditions has been widely accepted as selectable marker for
indexing stress tolerance (Upreti and Murti, 2005). An increase
in electrolyte leakage suggests a negative impact on membrane
integrity and thus membrane deterioration. A higher increase
in electrolyte leakage was observed in Neem leaves as
compared to Keeker leaves with all the three heavy metals
used (Pb, Cd and Ni) and at both the concentrations tested
(Fig. 1A). In Neem Ni 50 and 100 ppm was most deleterious
resulting in a 47 per cent and 52 per cent increase in electrolyte
leakage followed by Cd which registered a 29 and 36 per cent
increase, respectively. Pb 50 ppm treatment was least toxic in
terms of electrolyte leakage in Neem. In Keekar only the higher
concentrations of Pb and Ni were toxic resulting in a 31 and 26
per cent increase, respectively.

Chlorophyll content is often measured in plants in order
to assess the impact of environmental stress, as changes in
pigment content are linked to visual symptoms of plant illness
and photosynthetic productivity (Parekh, 1990). Researchers
have reported decreased chlorophyll in several different plant
species under the impact of heavy metals. (Sinha et al., 1993;
Ouzonidou, 1995). In case of Neem Cd 20 ppm was most
deleterious in terms of chlorophyll content resulting in a 35
per cent decline (Fig. 1B). Pb 50 and 100 ppm resulted in a
small decline of about 5 per cent. Ni 50 and 100 ppm treatments
had no significant inhibitory effects on chlorophyll content.
In Keekar a 10 to 15 per cent decline in chlorophyll content
was observed with various heavy metals studied (Fig. 1C).
Almost similar results were observed with chl. A and B content.
The chlorophyll ratio, which is used as a stress indicator,
increased with increasing metal treatments. This was also seen
in Empetrum nigrumleaves near a copper and nickel smelter
in the field (Monni et al., 2001) and in heavy metal treated
Phaseolus vulgaris (Zengin and Munzuroglu, 2005). Increased
chlorophyll ratios due to environmental stress have been
reported in spinach leaves (Delfine ef al., 1999). A high
chlorophyll ratio also indicates a change in the PSII/PSI ratio
in stressed leaves (Anderson, 1986).

Several studies have demonstrated that the metal
concentrations in plant tissue are a function of heavy metal
content in the growing environment (Cui et al., 2004; Lorestoni
etal., 2011). All plants take up metals to varying degrees from
the substrates in which they are rooted (Baker et al., 2000).
Moreover, the level of tolerance developed can often be related
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Effect of heavy metal treatments on A-Electrolyte leakage (%) in Neem and Keekar, B- Total chlorophyll, cholrophyll A and
chlorophyll B (mg/g F.Wt) in Neem, C- Total chlorophyll, cholrophyll A and chlorophyll B (mg/g F.Wt) in Keekar, D- Cd
content (ug/g D.Wt) in Neem and Keekar, E- Pb (ug/g D.Wt) content in Neem and Keekar, F- Ni content (ug/g D.Wt) in Neem

and Keekar
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to the amount of metal in the soil (Foy et al., 1978). There is
evidence from natural establishment of trees on contaminated
sites that some types of trees can survive under such adverse
conditions, e.g. Salix (willow), Betula (Birch), Populus
(Poplar), Alnus (Alder) and Acer (Sycamore) (Roselli et al.,
2003). The main characteristics of trees that make them suitable
for phytoremediation is their large biomass, both above and
below ground level. Physical phytostabilization can be readily
achieved, and is often the main benefit of using trees on such
sites. Vegetation of tree species helps in decreasing the risk
of soil, water and wind erosion. Phytoremediation and
especially the use of trees is an emerging and developing
technology, and this has grown rapidly in recent years (Van
der Lelie ef al., 2001). However, the accumulation of heavy
metals in different tree species and in their different parts
varies. This could be due to differences in the mechanisms of
uptake and sequestration of this metal in different plant
systems (Clemens, 2001). In the present studies heavy metal
uptake in two tree species from different families were studied.
Cd accumulation was twofold higher in Neem as compared to
Keekar (Fig. 1D). The metal accumulated mainly in the roots
but at the higher Cd concentration substantial accumulation
was observed in the leaves in both Neem and Keekar.
Minimum accumulation was observed in the stem. A 5-6 fold
increase in Ni accumulation was observed in Keekar roots as
compared to Neem roots, however, in the stem Neem
accumulated more Ni than Keekar and a threefold increase in
Ni accumulation was observed with Ni 100 ppm treatment
(Fig. 1F). In the leaves also a 2 to 5 fold increase in Ni
accumulation was observed in Neem leaves as compared to
Keekar leaves. Pb accumulated mainly in the leaves followed
by roots and minimum in the stem (Fig. 1E). A significantly
higher accumulation of Pb was observed in Keekar leaves as
compared to Neem with Pb 100 ppm treatment. In roots also
accumulation was higher in Keekar as compared to Neem and
a two fold increase in Pb accumulation was observed with the
Pb 50 ppm treatment.

Thus, it can be concluded that in terms of physiological
tolerance Pb and Ni uptake Acacia nilotica can used
successfully for phytoremediation purposes.
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