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Abstract

Chromium is a harmful heavy metal to the environment due to the toxicity induced by it to plants and other living organisms.
High concentration of Cr in soil poses severe toxicological problems ecosystem. Phytoremediation using different plants is an
economical and environment-friendly method for removing Cr from soil. The addition of chelating agents augments the phytoex-
traction using plants.The present study aimed to augment the Cr phytoremediation capacity of Amaranthus virdis, a predomi-
nant plant species in the Cr-contaminated open dumpsites of Bangalore. . Phytoextraction of Cr by Amaranthus viridis was
studied in the presence of different chelating agents viz. ethylenediaminetetraacetic acid (EDTA), citric acid (CA), growth pro-
moting hormone- indoleacetic acid (IAA) and NPK fertiliser. A. viridis grown under different concentrations (5, 10 and 20 mg/Kg)
of Cr were treated with 0.5g EDTA/Kg of soil, 0.5g CA/Kg of soil, 1mg IAA/Kg of soil and NPK (125 mg of nitrogen, 45 mg of
phosphorous and 156 mg of potassium per Kg of soil). Results indicated that CA, at 10 mg/kg Cr supply, induced the highest
uptake (up to 29.25 pg/plant). Furthermore, the study revealed that CA amendment induced maximum Cr uptake in A. viridis at
all levels of Cr supply as compared to other amendments. This was due to the increased solubility of Cr in the presence of citric
acid and the amelioration of oxidative stress due to Cr to plants by citric acid. This study inferred that the non-
hyperaccumulating plant, A. virdis could be used as a phytoremediator for Cr in the presence of citric acid in the places where it
is grown abundantly.
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INTRODUCTION

Soil contamination by heavy metals is a concern
around the world. Heavy metals in soil gain attention
because of their toxicological importance in the environ-
ment, agriculture and human health (Alloway, 1990).
Metals like Mn, Fe, Cu, Ni, Zn and Co are required for
the normal metabolic processes of living organisms, but
when these are present beyond the permissible limit, it

becomes harmful. Changes in physiological and bio-
chemical processes due to heavy metal pollution in the
soil cause a reduction in growth, which has been rec-
orded and expressed in various studies. Heavy metal
contamination has dire ecological consequences and it
affects agricultural yield, soil fertility and soil microor-
ganisms. Chromium (Cr) occurs in earth’s crust in a
trivalent state (Cr®"), but hexavalent (Cr®*) found in
dumpsites are pollutants from man-made products
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(Feng et al., 2019). Chrome tanning used in leather
making is considered the major source of Cr contami-
nation in dumpsites (Abebaw and Abate, 2018). Apart
from tanning, Cr contamination occurs in the paint in-
dustry, wood preservation, metal and household waste
(Dotania et al., , 2014). Chromium compounds are high-
ly toxic to most higher plants at 0.1 pg/g. Chromium
toxicity in plants inhibits enzyme activity, seed germina-
tion, root growth, photosynthesis and photophosphory-
lation (Sayantan and Shardendu, 2013; Sharma et al.,
2020). Phytoremediation is a safe eco-technology that
is also an economical way of removal of contaminants
from the environment. Phytoremediation is one of the
best-emerging technologies for metal remediation from
contaminated soils as it is cost-effective and eco-
friendly (Wiszniewska et al., 2016). Moreover, such
treatment causes minimal disturbance to the remediat-
ed soil, which can be used for agricultural practices, as
the source of nutrients (Farraji et al., 2016). Phytoreme-
diation of heavy metals is majorly of two types - natural
and induced phytoremediation. In the natural mode of
phytoremediation, plants remove heavy metals under
natural conditions without any amendment to the soil,
whereas in induced phytoremediation the bioavailability
of heavy metals is increased by using chelating agents
(Menhas et al., 2022). When chelates are applied to the
soil, it helps in the dissolution of the insoluble metal
compounds and forms water-soluble metal-chelate
complexes, which the plants subsequently take up.
Some of the chelating agents widely used include syn-
thetic chelators like EDTA (ethylene diamine tetra ace-
tic acid), ammonium sulphate, EDDS (SS-ethylene dia-
mine disuccinic acid), elemental sulphur, indole acetic
acid (IAA) and organic chelators like citric acid, malic
acid and tartaric acid (Yang et al., 2019). So many re-
ports exist on the phytoremediation of Cr-contaminated
soil using different plants (Riaz et al., 2019; Samarana
et al., 2020; Basit et al., 2022; Manar et al., 2022;). Dif-
ferent species of Amaranthaceae family were used for
phytoremediation of chromium (Bashri et al., 2016;
Wang et al., 2019). Variuos authors have studied the
phytoremediation capacity of Amaranthus virdis for
chromium. Ramanlal et al., (2020) assessed the po-
tential of Cr uptake capacity of Amaranthus viridis
grown in soil irrigated with paint industry effluent. Com-
parison study of Cr phytoextraction of A.Virdis with Al-
ternanthera philoxeroides, Euphorbia hirta, Solanum
nigrum and Portulaca oleracea revealed that A. virdis
was more tolerant towards Cr toxicity (Pal 2020). Fast
growing, deep rooted, easily propagated and hyperac-
cumulating plants are used for phytoremediation.
A.virdis exhibits first three characteristics making it a
good candidate for Cr accumulation (Zhou et al., 2007;
Liu et al., 2008). Since it is not a hyperacuumulator for
Cr, a study was conducted to select a chelating agent
that increases the Cr uptake capacity of A. virdis. Fur-

ther a previous study by authors revealed the preva-
lence of A. virdis in the dumpsites of Bangalore city,
Karnataka, India.The present study is a comparative
analysis of the Cr phytoremediation enhancement po-
tential of synthetic and non-synthetic chelators like
NPK, indole acetic acid (IAA), ethylene di-amine tetra
acetic acid (EDTA) and citric acid (CA). There was no
study reported on the use of Amaranthus viridis for the
phytoremediation of Cr-contaminated soil in conjuga-
tion with chelating agents. This plant, belonging to the
family of Amaranthaceae, was chosen for the present
study due to its high biomass, extensive root system,
short lifecycle and tolerance to heavy metals (Zhou et
al., 2007; Liu et al., 2008). The present work aimed to
determine the effect of a synthetic chelating agent
(EDTA), natural chelating agent (citric acid), NPK ferti-
liser and growth-promoting hormone (IAA) on the phy-
toremediation of soils contaminated with Cr using the
plant A. viridis.

MATERIALS AND METHODS

Plant description

Amaranthus viridis, commonly known as slender ama-
ranth or green amaranth, is an annual herb belonging
to the botanical family Amaranthaceae. It has a green
stem that grows about 60-80 cm in height and produc-
es many branches from the base. The ovate-shaped
leaves 19 alternate, 3-6 cm long and 2-4 cm wide, with
a long petiole of about 5 cm. The inflorescence is a
terminal panicle with a few branches and small green
flowers. Flowers are unisexual with lanceolate-ovate
bracts, which are membranous with a short awn. Peri-
anth consists of 3 segments about 1.5mm long. Male
flower consists of 3 stamens. Female flowers consist of
bicarpellary or tricarpellary gynoecium, unilocular with
three stigmas and one erect ovule. Fruits are dry, inde-
hiscent, endospermic and one-seeded.

Preparation of contaminated soil

Red soil received from Lalbaugh botanical garden,
Bangalore, was sieved to remove the bulky lumps and
stones, which would have prevented the uniform mixing
of the metal solution. Each pot used for the study was
of size 7cm diameter and 15cm depth. 4 kg of the soil
was taken in each pot. 0.5 mL of 20 mg/mL Cr solution
was added to the Hoagland solution to make the total
volume 500 mL. This solution was added to a pot con-
taining 4 kg of soil to get 1 mg/Kg Cr contaminated soil.
Likewise, 1 mL, 2 mL and 4 mL of 20 mg/mL of cr solu-
tion was mixed with Hoagland solution and was used to
make 5, 10 and 20 mg/Kg cr contaminated soil.

The composition of Hoagland solution included 2mmol/
L calcium nitrate [Ca(NOs3),], 0.75mmol/L potassium
sulphate (K>SQO,), 0.1mmol/L potassium chloride (KCI),
0.25mmol/L  potassium  dihydrogen  phosphate
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(KH2,PO,), 0.65mmol/L Magnesium sulphate (MgSO,),
0.1mmol/L ferric EDTA solution (EDTA-Fe), 0.01mmol/
L boric acid (H3BO3), 0.001mmol/L manganese sul-
phate (MnSO,), 0.001mmol/L zinc sulphate (ZnSO,),
0.0001mmol/L copper sulphate (CuSQO,4) and 0.000005
mmol/L ammonium molybdate [(NH;)Mo;02)].

Preparation of mother culture

The soil was filled in the coco peat trays; five to six
seeds of A. viridis were sown in each coco peat. The
trays were kept at a suitable place in the greenhouse,
exposed to 70-80% of sunlight. The trays were watered
daily with Hoagland solution. After 3-4 days, the seeds
germinated into small plantlets. Photograph of the
Mother culture of A. viridis seedlings is given in Fig. 1.

Experimental set-up

The experimental set-up for metal uptake study in the
presence of amendments by A. viridis is given in Figs-
2. Controls for this experiment set-up were plants
grown in only Cr amendment soil without chelators and
plants grown in soils amended with chelators without
Cr. The metal solution was allowed to settle in each pot
for a day. The next day, 11-day-old plant seedlings
were taken from the mother culture and planted in the
pots. Four plants were grown in each pot. After about
15 days, the chelators, such as NPK, EDTA, CA and
IAA solution, were added to each pot. The plants were
watered with Hoagland solution every 3-4 days. Mor-
phological characteristics of plants were observed in
regular intervals.

The amendment solutions were prepared as follows:
EDTA solution, 10% (w/v): 10g sodium salt of EDTA
was dissolved in 100 mL of distilled water. 20 mL of this

'—\: & gpw«ug i“

oy &-‘t,

,%‘ig

solution was diluted to 100 mL with Hoagland solution
and added into each pot to get an amendment concen-
tration of 0.5g EDTA/Kg of soil.

Citric acid solution, 10% (w/v): 10g citric acid was dis-
solved in 100 mL of distilled water. 20 mL of this solu-
tion was diluted to 100 mL with Hoagland solution and
added into each pot to get an amendment concentra-
tion of 0.59 citric acid/Kg of soil.

NPK solution: NPK stock solution was prepared by
dissolving 14.3 g of ammonium nitrate and 7.89 g of
potassium dihydrogen phosphate and 7.65g of potassi-
um chloride into 100 mL solution. 10 mL of this solution
was diluted to 100 mL with Hoagland solution used to
water each pot to get an amendment which is equiva-
lent to 125 mg of nitrogen, 45 mg of phosphorous and
156 mg of potassium per Kg of soil. Indole acetic acid
solution (IAA), 0.1% (w/v): 0.1g of indole acetic acid
was dissolved in 100 mL of 1:1 mixture of ethanol and
distilled water. 4 mL of this solution was diluted to 100
mL with Hoagland solution and used to water each pot
equivalent to 1mg/ Kg of the amendment.

Harvesting of plants

Plants of A. viridis were harvested after growing for two
months. Roots were initially washed gently under run-
ning tap water to remove loosely adhered sand parti-
cles, followed by rinsing with 3% HCI for leaching out of
minerals adsorbed on the surface of roots. The shoots
and acid-rinsed roots were washed at least three times
with distilled water.

The plant growth parameters such as stem length (cm),
root length (cm) and number of leaves per plant were
recorded. After harvesting, fresh weight of leaves, stem
and roots were measured, then samples were kept in

Fig. 1. Mother culture of Amaranthus viridis seedlings
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Fig. 2. Experimental set-up for metal uptake study in the
presence of amendments by Amaranthus viridis (The first
row of the above set-up represents the control concerning
the chelator ammendment, while the first column repre-
sents the control concerning the Cr supply)

aluminum foil, labelled and oven dried at 100°C for
three to four days and dry weights were measured until
constant weight was obtained. Dry weight (DW) bio-
mass (in grams) per plant was determined using an
electronic balance.

Digestion of plant material

For analysis of Cr, dried stem, leaves and root samples
were ground using mortar and pestle. The entire
amount of ground sample was weighed and transferred
into a conical flask. Samples were digested with 5 mL
of Conc.HNO; and 1mL of 40 % (v/v) H,O, The con-
tents of the flasks were evaporated to incipient dryness.
The process was repeated three times. The residue
was dissolved in 10 ml of 3% HNO;.

Estimation of Cr plant material by ICP-AES

The concentration of Cr in the solution prepared from
plant residues was determined by inductively coupled
plasma atomic emission spectrometry (ICP-AES; JY
Horiba 2000 France) after calibrating the instrument
with respective standards. Wavelength selected for
analysis is 205.552 nm.

Statistical analysis

All the values presented in the bar graphs are means of
three replicates *+ standard deviation. Student's t-test
was performed to determine the significance of the dif-
ference between the control and the test values. The
statistical analysis was performed by using Microsoft

Office Excel — 2016.
RESULTS AND DISCUSSION

Effect of Cr uptake in A. viridis in the presence of
different chelators

The combined effect of Cr supply and the chelators viz.,
NPK, EDTA, CA and IAA on Cr uptake by A. viridis is
represented in Fig. 3. In the soil without any external
supply of Cr (control), IAA amendment showed maxi-
mum uptake (6.1ug/plant) followed by CA (4ug/plant),
NPK (3.2ug/plant) and EDTA (1.5 ug/plant). It is mainly
due to residual Cr in the control soil. All chelators, at 1
and 5 mg/kg Cr supply showed an increase in Cr up-
take in a dose-dependent manner and further increase
in Cr supply resulted in a decrease in the Cr uptake
(Fig. 6), except in the case of CA. Compared to control,
at 5 mg/kg Cr supply, chelator efficiency in enhancing
the Cr uptake was found to be highest for EDTA > NPK
> CA > IAA with 13.17 fold (19.7 pg/plant vs 1.5ug/
plant), 6.09 fold (19.5 pg/plant vs 3.2 ug/plant), 5.7 fold
(22.5 pg/plant vs 4.0 ug/plant) and 3.11 fold (19.0 ug/
plant vs 6.1 pg/plant) increase, respectively. Even
though EDTA (19.8 ug/plant) showed a maximum in-
crease at 5 mg/kg supply, when the amount of Cr up-
take was taken into account, it was found that CA, at 10
mg/kg Cr supply, induced the highest uptake (up to
29.25 ug/plant). At 10 mg/kg Cr supply uptake was in
the order CA (29.25 ug/plant)> NPK (13.9 ug/plant)>
EDTA(13.4 > >IAA (11.1 pg/plant). Furthermore, it was
clear from the findings that CA amendment induced
maximum Cr uptake in A. viridis at all levels of Cr sup-
ply as compared to other amendments. Even at 20 mg/
kg Cr supply CA amendment (10 pg/plant) showed in-
creased uptake compared to EDTA (3.2 ug/plant), NPK
(5.2 pg/plant) and 1AA (5.1 pg/plant).

Cr uptake by control plants is from the Cr present in the
natural soil, which mainly exists in a non-bio-available
form (Qureshi et al., 2020). In soil, Cr exists as Cr (lll),
but uptake of Cr from soil usually takes place as Cr (VI).
Cr (lll) present in the soil is converted to Cr (VI) by
some oxidizing agents present in the soil. Due to their
structural resemblance, Cr (VI) is transported through
the root via sulphate ion carriers (Srivastava et al.,
2021). Cr (lll) absorption occurs through cation ex-
change process. (Sharma et al., 2020). The present
study showed that the uptake of Cr from control soil in
the presence of IAA and CA was higher than other
amendments. This can be attributed to the increasing
capacity of these two reagents to form soluble complex-
es with Cr in the soil. CA, a strong metal chelating
agent, can convert insoluble Cr (lIl) in the soil to soluble
Cr citrate complex, which plants can easily absorb.
Increased uptake and accumulation of Cr in the pres-
ence of citric acid is also due to the formation of soluble
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and highly mobile Cr citrate complex, which can be
easily absorbed by the root (Ehsan et al., 2014). The
growth-promoting hormone |AA stimulates the root exu-
dates to produce organic acids, which form complexes
with Cr which in turn is absorbed by the plant (Saleh et
al., 2020). Low uptake of control in the presence of
EDTA may be attributed to its inability to complex Cr
(Il present in the soil. This result is in tune with the
findings of other studies. (Jean-Soro et al., 2012; Song
et al., 2016;). Better uptake shown by the NPK amend-
ment compared to EDTA can be due to increased bio-
mass produced due to the increased nutrition available
to the plants.

Cr uptake showed an increasing trend in all amend-
ments from 1 mg/Kg to 5 mg/Kg and after that showed
a decrease except in CA. In the case of CA amend-
ment, maximum Cr accumulation was observed at 10
mg/Kg. This can be attributed to the capacity of CA to
help the plant withstand the toxic stress induced by Cr.
Farid et al. (2017), in their studies, pointed at an in-
crease in the production of antioxidant enzymes in the
presence of CA. These antioxidant enzymes have an
ameliorative effect on Cr stress. Chromium toxicity in-
duces reduced plant growth, morphological changes,
and reduction in photosynthesis. These effects can be
attributed to the excess production of reactive oxygen
species (ROS), which disrupts the redox balance in
plants (Anjum et al., 2017). Hence it is inevitable for
plants to develop some sort of defensive mechanism to
counter this oxidative stress. As a defence mechanism
to alleviate the ROS stress, plants trigger the produc-
tion of antioxidant enzymes like, superoxide dismutase
(SOD), ascorbate peroxidase (APX) and catalase

(CAT) (Malik et al., 2022).

Mild Cr stress increases antioxidant activities whereas
increased Cr stress decreased the production of antiox-
idants (Qureshi et al., 2020) Excessive Cr stress reduc-
es the production of these antioxidants leading to the
damage of growth and physiological parameter in
plants. However, the exogeneous application of CA
increased the production of antioxidant enzyme there
by reducing the negative impacts of Cr stress on plants
(Magbool et al., 2018). Mallhi et al., 2020 in their study
on citric acid assisted Cr phytoremediation using sun-
flower plants, have inferred that folial application of cit-
ric acid improved the plant's morphological characteris-
tics, which might be due to the increased uptake of vital
nutrients by plants. In the present study, exogeneous
application of citric acid increased the Cr uptake. This
might be due to the increased production of antioxidant
enzymes which ameliorated the toxic effect of Cr. The
findings of the present study are well supported by the
previous authors. Even though NPK, EDTA and IAA
could enhance Cr uptake, it is seen from the results
that only citric acid showed an enhanced uptake at a
higher Cr supply (10mg/Kg).

Effect of Cr uptake on total biomass of A. viridis

All amendments except IAA showed a drastic reduction
in biomass with an increase in Cr uptake (Fig. 4). Bio-
mass reduction of plants at all concentrations of Cr
supply was in the order IAA<NPK<EDTA<CA. Biomass
of CA-amended plants was drastically (83%) reduced.
In the presence of CA, uptake per unit biomass in-
creased drastically compared to other amendments.
This biomass reduction can be attributed to increased
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Cr uptake, which in turn caused an increase in toxicity
to the plant. This can be correlated to the decrease in
Cr uptake by IAA amended plant. However, with almost
similar Cr uptake, NPK and EDTA amendment showed
an increased reduction in biomass compared to I1AA
amendment. This can be ascribed to the enhanced
plant growth in the presence of I|AA in metal-
contaminated soils by absorption of nutrients and met-
als by proliferating plant roots.

Effect of Cr uptake on plant height of A. viridis

The height of A. viridis grown under Cr stress in soil
amended with various chelators is given in Fig. 5 .
Plant height showed an inverse relationship with Cr
supply in soil amended with different chelators. The
highest inhibition in plant height was observed in 20
mg/kg Cr supply with all chelators, in the range of
80.4% to 90.1% (p<0.05) reduction with respect to con-
trol. In the case of 5 and 10 mg/kg supply of Cr, plant
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Fig. 4. Effect of chromium supply with different chelator amendment on biomass in Amaranthus viridis (0 mg/Kg Cr is
taken as control plant; (*), (**) indicate values that differ significantly from control at the level of P < 0.05, and P < 0.01
respectively. The bars without any asterisk represent non-significant values)
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Fig. 5. Effect of chromium supply with different chelator amendments on plant height of Amaranthus viridis (0 mg/Kg Cr
is taken as control plant; (*), (**) indicate values that differ significantly from control at the level of P < 0.05, and P <0.01
respectively. The bars without any asterisk represent non-significant values)
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height was reduced from 28% to 60 %, respectively,
with respect to the control plant. At 5 mg/kg of Cr sup-
ply, reduction in the plant height with respect to chela-
tor amendment was in the order of CA > IAA > EDTA >
NPK, proving CA to be the most efficient chelator, help-
ing in maximising the uptake of Cr, in turn, conferring
maximum toxicity in the plant.

Effect of Cr uptake on root length of A. viridis

The combined effect of Cr stress and chelators on the
root length of Amaranthus viridis is presented in Fig. 6.
Root length showed reduction with an increase in Cr
supply in a dose-dependent manner in soil amended
with different chelators. Maximum detrimental effect of
Cr supply and chelator amendment on root length was

18
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- (=2 L]
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* I
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Fig. 6. Effect of chromium supply with different chelator amendment on root length in Amaranthus viridis (0 mg/Kg Cr is
taken as control plant; (*), (**) indicate values that differ significantly from control at the level of P < 0.05, and P < 0.01
respectively. The bars without any asterisk represent non-significant values)
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Fig. 7. Effect of chromium supply with different chelator amendment on root length in Amaranthus viridis (0 mg/Kg Cr is
taken as control plant; (*), (**) indicate values that differ significantly from control at the level of P < 0.05, and P < 0.01
respectively. The bars without any asterisk represent non-significant values)
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at 20 mg/kg supply. At 5 and 10 mg/kg supply, the re-
duction in root length was in the range of 30% to
66.7%, with CA showing maximum reduction followed
by EDTA, NPK and IAA. The reduction in root length in
comparison with control was found to be statistically
significant at 5% level in 5 mg/Kg amended with NPK,
10 and 20 mg/kg amended with EDTA, 5, 10, 20 mg/Kg
amended with CA and 20 mg/Kg amended with 1AA.

Effect of Cr uptake on number of leaves of A. viridis
Amaranthus viridis showed dose dependent decrease
in number of leaves at 1-20 mg/kg Cr in all the chelator
amendments (Fig. 7). At 20 mg/kg supply, the highest
reduction in number of leaves was observed in EDTA
amended soil with 86% reduction and the lowest was
reported in NPK amendment with 60.6% reduction. At 5
and 10 mg/kg supply, A. viridis showed inhibition in
number of leaves in the range of 21.9% to 54% in the
order CA>NPK>EDTA > IAA , in comparison to respec-
tive control plants. In comparison with the control, the
reduction in number of leaves was found to be statisti-
cally significant only at 5% in 20 mg/Kg amended with
NPK and 1 and 20 mg/Kg amended with |AA.

All amendments showed a decrease in, biomass, plant
height, root length and number of leaves with increase
in Cr uptake. Biomass reduction can be ascribed to
increased Cr stress, which hampers biomass produc-
tion, cellular membrane damage and imbalances nutri-
ent uptake due to oxidative stress (Malik et al., 2022).
Decreased biomass is also due to the reduced intake of
water and other nutrients, which is due to decreased
metabolic activities and photosynthesisunder Cr stress
(Asgher et al., 2018; Al Mahmud et al., 2019). A de-
crease in root length was more compared to decrease
in shoot length and number of leaves in all amend-
ments. This may be because even in the presence of
amendments, Cr accumulates more in the root com-
pared to the above ground parts.

Amin et al. (2019), in their study of Cr accumulation in
biofuel plants, have shown that Cr accumulated more in
roots compared to aerial parts of the plants. According
to them, the high accumulation of Cr in roots could be
due to the immobilisation of Cr (VI) in the vacuoles of
root cells to render it non-toxic, a natural response of
the plant to toxicity. Another important reason for the
lack of transport of Cr from roots to shoots could be the
lack of a specific mechanism for the transport of Cr, as
it is a toxic and non-essential element to plant growth.
According to the studies conducted by Cervantes et al.
(2001), it was reported that there was a greater degree
of Cr accumulation in the roots than shoot in Triticum
vulgare when grown in Cr-enriched soil amended with
various organic compounds such as oxalic acid, malate
and glycerine. The present study is in agreement with
the above reports, which signify that Cr gets accumulat-

ed mostly in roots, followed by the shoot, in the pres-
ence of complexing amendments.

Cr uptake in the presence of CA showed a pronounced
increase compared to other amendments. Due to this,
toxicity introduced into the plant is also more in the
case of CA amendment. But compared to other amend-
ments, CA had a greater capacity for enhancing Cr
uptake. Even at a decreased biomass due to the Cr
stress, it could help the plant withstand increased Cr
uptake for A. viridis due to the ameliorating effects of
CA. A. virdis, is a well adapted and highly prevailing
plant species in Bangalore dumpsite. It is not a hyper-
accumulator of Cr. However, it can be converted into Cr
hyperaccumulating species in presence of citric acid. It
is always advantageous to select a plant well adopted
to environment and enhance its phytoremediating ca-
pacity by the addtiotn of chelators than to use a hyper-
accumulating plant not adopted to experimental condi-
tions. A. virdis satisfies this condition and citric acid
being a natural chemical, its addition to soil will not af-
fect the sail.

Conclusion

The present study demonstrated the Cr accumulation
potential of A. virdis with a comparative assessment of
the efficiency of different chelators in heavy metal up-
take and their toxicity on the plant. This was done to
identify the optimum conditions for effective phytoreme-
diation of Cr using A. viridis as a model plant. In Cr up-
take studies, citric acid amendment showed a maxi-
mum Cr accumulation of 29.25ug/Plant, a 7.31fold in-
crease in uptake. The efficacy of different chelators in
enhancing Cr uptake was found to be in the order of
IAA<NPK<EDTA<CA. The increased uptake of Cr in
the presence of CA by plants can be attributed to the
increased solubility of Cr citric acid complex in the soil.
The capacity of citric acid to help the plant withstand
the toxic stress induced by Cr by increasing the produc-
tion of antioxidant enzymes which can ameliorate the
oxidative stress in A. viridis. Further extension of the
study requires the evaluation of the selected plant in
phytoremediation of heavy metals in field conditions,
with the complex interaction of biotic and abiotic factors
affecting plant growth and uptake.
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