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Abstract This study was aimed to determine the uptake
and accumulation potential of a weed (4butilon indicum
L.) for phytoremediation of soil contaminated with cad-
mium. Plants were grown in soil spiked with 0, 2.5, 5, 10,
15, 20, 25 mg/kg Cd, individually. Plants sample (root
and shoot) were analyzed for Cd content at 30, 60, and
90 days and accumulation trends were characterized. A
steady increase in Cd accumulation with increasing metal
concentration and exposure period was observed for all
treatments. Accumulation of Cd in roots was found to be
4.3-7.7 times higher than that of shoots. Statistically
significant difference (P<0.001) in mean metal content
in root and shoot at successive days of study was record-
ed. Effect of Cd on growth and physiology was also
evaluated. At higher Cd levels, root and shoot length
and biomass of test plant were reduced significantly.
Although, growth was delayed initially, it was compara-
ble to control at the end of the study. Chlorophyll and
proline content declined with the increase in Cd concen-
tration at 30 and 60 days after treatment. However, at
90 days, values were more or less comparable to the
control values showing the adaptability of test plant in
Cd contamination. Considering the accumulation ability,
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BCF >1 (bioconcentration factor) and TF <1 (transloca-
tion factor) established 4. indicum as a potential
candidate plant for phytoremediation. Hence,
phytoremediation employing indigenous weed species
like A. indicum can be an ecologically viable option for
sustainable and cost-effective management of heavy
metal-contaminated soils.
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Introduction

The intense and inadequate use of fertilizers and pesti-
cides in the soil, coupled with the increase in industrial
and mining activity are the main reasons for the con-
tamination of soil, waterways, and the water table by
heavy metals (Malavolta 1994). Among the pollutants,
Cadmium (Cd) is the major contaminant of soil poising
significant environmental problems, including the risk
of poisoning for humans. The background Cd level in
agricultural soils is less than 1 mg/kg (Adriano 2001).
High levels of metals in the soil can be phytotoxic. Poor
plant growth and soil cover caused by metal toxicity can
lead to metal mobilization in runoff water and subse-
quent deposition into nearby bodies of water. Thus, soil
remediation is needed to eliminate risk to humans or the
environment from toxic metals.

Technologies used for removal of heavy metals include
reverse osmosis, ion exchange, chemical precipitation,
solvent extraction, electro-dialysis, adsorption, etc. Most
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of these technologies are quite costly, energy intensive,
and metal specific. It has been estimated that the cost of
conventional remediating heavy metal-contaminated sites
in the USA alone would exceed $7 billion (Salt et al.
1995). Contrary to this, phytoremediation offers a prom-
ising technology using plants to remediate or contain
contaminants in soil, groundwater, surface water, or sedi-
ments (Miretzky et al. 2004). Phytoremediation involves
phytoextraction, rhizofiltration, phytostabilization, and
phytotransformation/phytodegradation. Phytostabilization
is one of the strategies of phytoremediation that aims to
reduce the mobility and bioavailability of pollutants in
environment and not removing them. A significant frac-
tion of metals can be stored within or adsorbed on the root
surface contributing to long-term stabilization of
pollutants.

Phytoremediation has recently become a subject of
intense public and scientific interest and a topic of many
recent researches (Igwe and Abia 2006). Ability to select
plant species either resistant to or can accumulate great
amounts of heavy metals would certainly facilitate recla-
mation of contaminated area (Lasat 2002). It has been
demonstrated that wild native plants may be better
phytoremediators for waste lands than the known metal
hyperaccumulators like Thlaspi caerulescens and Alys-
sum bertolonii because these are slow growing with
shallow root systems and low biomass. Even if the soil
is naturally high in a particular metal, native plants often
become adapted over time to the locally elevated levels
so in the case of native flora and soils, metal toxicity
issues, mostly, do not arise. Avena, Crotalaria, Crinum
asiaticum and Calotropis procera, lemongrass, and other
wild grasses have been reported for heavy metal
bioindicatoring and phytoremedial purposes (Uraguchi
et al. 2006; D’Souza et al. 2010; Varun et al. 2011).
Allowing native species to remediate soils is an attractive
proposition since a plant community comparable to that
existing in the vicinity can be established. The outcome
is, thus, both site remediation and ecological restoration.

Various criteria must be considered before selecting a
plant species for phytoremedial purpose to achieve max-
imal phytoextraction. Species which can grow well with
poor nutrient availability at contaminated sites, requiring
less input in terms of cost and labor are preferable. Ideally,
a plant that is suitable for phytoremediation should have a
high above-soil biomass that acts as a sink for the con-
taminant. At present, there are nearly 450 known
hyperaccumulators (Salt and Kramer 2000), but most
are not appropriate for phytoextraction because of their
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slow growth and small size. Although weeds are consid-
ered undesirable or troublesome plants, many weeds and
their relatives, occurring on mountains and other dis-
turbed habitats, may be useful for phytoremediation
(Lum et al. 2014). Many studies have shown that weed
species had high accumulating abilities of heavy metals
and so were used to remove heavy metals from polluted
environment (Lum et al. 2014; Girdhar et al. 2014). Weed
species such as black nightshade (Solanum nigrum),
hemp (Cannabis sativa), and yellowcress (Rorippa
globosa) have high endurance and accumulating ability
to Cd (Jietal. 2011; Shi et al. 2012; Wei and Twardowska
2013). Another species, giant ragweed (Ambrosia trifida)
accumulates Cd and Zn in its tissue at levels that are two
to three times greater than other plant species, suggesting
the use of this plant for remediation of heavy metal-
polluted soils (Peles et al. 1998).

This experiment was set up to identify a hardy weed
plant that could tolerate concentrations of Cd in soil.
Abutilon indium L. is a medium-sized weedy shrub with
rapid growth and good biomass production. It was hy-
pothesized that plants with high tolerance could then be
tested for their phytoremediation potential. Thus, the
aims of the present investigation are (i) to evaluate the
phytoremedial potential of a weed, Abutilon indium,
with respect to Cd and, (ii) to study the effect of Cd on
its growth and physiology.

Material and Methods
Plant selection—Abutilon indicum L.

Abutilon indicum, commonly known as “country mal-
low”, is a medium-sized perennial weed shrub belong-
ing to family Malvaceae, about 2 m tall; stem green,
terete, and pubescent. Leaves simple, ovate-orbicular,
base cordate, margins crenate to dentate, apex acute,
velvety, sparsely stellate-hairy above, glaucous beneath;
petioles 2—6-cm long; stipules up to 4-mm long, linear.
Flowers axillary, solitary; pedicel 4—5-cm long, jointed
very near the top. Calyx 5, pubescent with minute
stellate hairs. Corolla 5, 2-2.5 cm across, orange-yel-
lowish. Staminal column 6 mm long. Ovary globose,
densely pubescent with silvery white hairs; styles 15-20
of 1-cm long; stigma capitate. Fruits circular in shape,
consisting of 11-20 radiating hairy carpels, brown when
dry; each carpel is flattened, somewhat boat shaped.
Seeds ovate or sub-orbicular, 3-mm long, dull black.
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Experimental design

Seeds of Abutilon indicum were collected from uncon-
taminated soil. Seeds were first sterilized in 0.1 % HgCl,
and then allowed to germinate in a germination tray.
After germination, seedlings were transplanted to pots
having 5 kg garden soil (loam) with a layer of crocks
and gravel of about 1.5 in. depth at the bottom. Soil pH
was 6.3, electrical conductivity 0.46 dS/m, and organic
matter content 1.84 %. Single plant per pot was main-
tained. The seedlings were first allowed to grow for
4 weeks after which Cd was added to pots at varying
concentrations (0, 2.5, 5, 10, 15, 20, 25 mg/kg soil) as
aqueous solution using CdCl,-5H,0 salt. Pots were kept
in a random block design and watered as and when
required in such a way as to prevent loss of contami-
nants by leaching. A plastic tray was kept below the
treatment pot to collect any leachate, which was
returned to the pots at next watering. The whole exper-
iment was conducted in green house for 3 months. Any
symptoms of metal toxicity exhibited by plants were
visually noted during the whole experimental period. At
each sampling date, i.e., 30, 60, and 90 days after
treatment (DAT) plants were harvested and taken for
metal uptake analysis. Plant growth parameters like root
length, shoot length, and biomass, and physiological
parameters like total chlorophyll and proline content
were also determined.

Collection of samples

At each sampling, plants were harvested, washed with
tap water to remove adhering soil particles. Samples
were further washed thoroughly three to four times with
distilled water and finally with de-ionized water and
allowed to drip dry completely in a dust-free chamber
at room temperature and further used for analysis.

Cadmium analysis

For Cd content in soil, 0.5 g soil sample was digested
using a wet digestion method with HNO5 and HCIO, (3:1
ratio) and boiled on a hot plate for 20 min. Plant samples
were analyzed by dry ash method where the samples were
ashed in a muffle furnace and 0.5 g cooled ash was
dissolved in HNOj; and boiled for 20 min on a hot plate.
The filtrate in each case was analyzed for Cd content by
atomic absorption spectrophotometer (AAnalyst100,
Perkin Elmer, USA) using an air-acetylene flame.

Biochemical analysis
Chlorophyll content

Chlorophyll content in A. indicum leaf samples was
determined on fresh weight basis. 40 mg fresh leaves
were placed in 10 ml 80 % acetone in a sealed dark
bottle in a refrigerator. After 5 days, absorbance of the
solution was measured by a spectrophotometer at dif-
ferent wavelengths, i.e., 480, 510, 630, 645, 652, and
665 nm, and chlorophyll content was calculated using
relevant formula (Arnon 1949).

Determination of proline content

Amount of proline in plants was determined according
to method given by Bates et al. (1973). 500 mg of fresh
leaves were taken and crushed with 10 ml of 3 %
sulphosalicylic acid. This was then centrifuged at
3000 rpm for 15 min. 2 ml of supernatant was taken in
a test tube and 2 ml each of ninhydrin and glacial acetic
acid were added. The solution was boiled in water bath
for 30 min and then transferred into an ice bath. After
30 min, 4 ml toluene was added and the test tube was
shaken vigorously. The upper red chromophore (toluene
layer) was taken and absorbance was calculated at
520 nm. Toluene was used as blank reference.

Assessment of phytoremedial potential of plant

Phytoremedial potential of plants is also influenced
by the mobility and availability of contaminants in
soil and plants. To assess the phytoaccumulation po-
tential of plants some factors have been employed by
workers based on simple ratios of contaminant con-
centration in plant parts and growth matrix. These
were calculated as follows:

. . . metal cotent in shoot
Bioabsorption coefficient [BAC] =

metal content in soil

(1)

. . metal cotent in root
Bioconcentration factor [BCF] = (2)

metal content in soil

. metal cotent in shoot
Translocation factor [TF] = - (3)
metal content in root
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Statistical analysis

Pearson’s coefficient for correlation was statistically
analyzed at a significance level of P<0.05 and
P<0.01. The statistical significance of differences
among means was determined by one-way analysis of
variance (ANOVA).

Results and discussion
Uptake in A. indicum

Cd uptake in roots and shoots of A. indicum is shown
in Table 1. Cd content significantly increased with
increasing metal concentration and the exposure period
at all the testing days. A steady increase in Cd uptake
and accumulation was observed for all treatments.
Roots showed a progressive accumulation of Cd as a
function of the external medium. Cd was preferentially
accumulated in roots. Significantly, a maximum Cd
uptake of 43.7 mg/kg (in root) and 10.05 mg/kg (in
shoot) was observed at highest Cd treatment
(25 mg/kg) at 90 DAT. At all the sampling, maximum
uptake of Cd was observed in highest dose. Accumu-
lation of Cd in roots was found to be 4.3—7.7 times
higher than that of shoots. Metal accumulation in root
tissue can be accomplished either through deposition
of the metal ions along the cell wall and/or inside the
cell in the vacuoles. Cd was not observed in the
control plants at any sampling stage. One-way analysis
of variance (ANOVA) indicates a statistical significant
difference (P<0.001) in the mean metal content in
shoots and roots of A4. indicum in response to Cd

content. A. indicum was found to tolerate Cd concen-
trations up to 25 mg/kg without showing any toxicity
symptoms. This confirms the ability of this plant to
establish and grow well in Cd-contaminated soil.

Many phytoremediation studies have shown the
potential of weed species to remove heavy metals from
contaminated environment. Weeds such as Poa annua
(for Cu, As), Tephrosia purpurea (for Mn), Cannabis
sativa (for Cr), Solanum nigrum (for Mn), Dissotis
rotundifolia and Kyllinga erecta (for Pb), Calotropis
procera (for Zn, Mn, Cd, Cu), Withania somnifera (for
Cu, Mn, As), Eclipta alba (for Cu, Mn, As),
Heliotropium ellipticum (for Cu, Mn, As), and Canna-
bis sativa, Solanum nigrum, and Rorippa globosa (for
Cd) also showed good phytoremedial potential sug-
gesting the use of these weedy plants for remediation
of heavy metal-polluted soils (Varun et al. 2012;
Girdhar et al. 2014; Lum et al. 2014).

Accumulation of particular type of metal is a selec-
tive process that may vary from plant to plant. The
uptake of toxic metals, their translocations to plant parts,
and the degree of tolerance to them are dependent on
metal speciation and on the metabolism of the plants
(Prasad 1999). Baker and Brooks (1989), Baker and
Walker (1990) have all demonstrated selective heavy
metal uptake in different species of Thlaspi. Most
non-essential metals are likely excluded from plant up-
take or are quickly immobilized in the plant (Fodor et al.
1998). This could be a possible reason for much higher
uptake of Cd in the test plant. Moreover, many studies
have demonstrated that Cd taken up by plants accumu-
lates at higher concentration in the root than in the stem
and leaves (Seregin and Ivanov 2001), including in
hyperaccumulators (Kiipper et al. 2000). Metal

Table 1 Cd uptake and accumulation (mg/kg) in A4. indicum (root/shoot) at successive days of study

Treatments (mg/kg) 30 DAT 60 DAT 90 DAT
Root Shoot Root Shoot Root Shoot

Cd-2.5 4.840.8 0.75+0.2 6.9+1.3 0.98+0.1 821+2.2 1.06+0.2
Cd-5 8.5+1.3 0.92+0.2 11.5+1.8 1.29+0.3 13.4+1.7 1.79+0.3
Cd-10 11.7+£2.3 1.85+£0.4 15.3+£2.6 2.16+£0.3 18.7+3.6 3.17+0.8
Cd-15 15.4+1.7 2.35+0.2 21.7+3.1 3.40+0.7 26.2+1.9 4.79+1.3
Cd-20 23.3+3.1 4.18+0.7 323+1.9 5.80<+1.1 37.1£2.7 7.53+0.8
Cd-25 27.6+2.7 4.78+0.4 35.8+2.5 6.13+£1.3 43.7+3.3 10.0+£1.9

Each value is the average of three replicates
DAT days after treatment
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accumulation in root tissue can be accomplished either
through deposition of the metal ions along the cell wall
and/or inside the cell in the vacuoles (Salt and Kramer
2000). The sequestration of specific metal ions or metal-
chelate complexes in the root cells is highly dependent
on the metal ion in question. For example, Cd is gener-
ally found to be associated with cell walls outside the
plasmalemma in the form of Cd precipitates and Cd
crystals (Malone et al. 1974). Other mechanisms that
plants have developed to cope with damage caused by
Cd are related to some stress-signaling molecules, such
as salicylic acid, jasmonic acid, nitric oxide, and ethyl-
ene. All these compounds were induced by Cd treat-
ment, which suggests that they are involved in cell
response to Cd toxicity (Rascio and Navari-Izzo 2011,
Popova et al. 2012).

All the samples tested in the present investigation
show greater accumulation of metal in the roots than
the aboveground shoot, this could be attributed to the
increased metal adsorption on the root surface, being
facilitated by relatively less mobility of metals in the
root zone (Hasan et al. 2007). As plant roots are in
direct contact with metals in contaminated soil and
must act as the conduit for transfer of metal to the
stem and leaves, their response to the high metal
concentration is important. The differences in root
and shoot uptake can possibly be explained by the
fact that one of the normal functions of root is to
selectively acquire ions from the soil solution,
whereas shoot tissue does not normally play this role.
The results obtained in the present investigation are in
conformity with the findings of Kadukova et al. (2004)
and by other research groups (Lutts et al. 2004) which
showed significant amount of metal accumulation in
roots and shoots of plants as in this study, and together
with the fact that there was no reduction in growth. The
findings suggest that A. indicum could be a possible
candidate for Cd as phytostabilizer.

Growth

Addition of Cd to soil inhibited growth of 4. indicum in
terms of shoot and root length. The highest value for
root and shoot length among the treatments was ob-
served at low concentrations of Cd only (Table 2).
Cadmium is not an essential nutrient and at high con-
centration inhibits plant growth (Rascio and Navari-
Izzo 2011). It has also been reported that even at
relatively low concentrations, it alters plant metabolism

(Van Assche and Clijesters 1990). Total biomass of
plant was calculated and compared with their respective
controls to assess the effect of Cd contamination on the
overall growth of plant. All the treatments show less
biomass than the control value at all sampling stages
(Table 2). Biomass decreases with the increase in Cd
concentration in the growth matrix with maximum
value obtained in control (Cd 0 mg/kg) and the mini-
mum value obtained in Cd 25-mg/kg treatment. Cd was
found to inhibit growth in many plant species such as
Lemna (Mohan and Hosetti 20006), Eichhornia (Zhu
et al. 1999), and Spirodela (Banerjee and Sarker
1997). Cd was shown to interfere with the increased
tissue permeability, hence the increase in toxicity, the
increased cross linking of pectins in the middle lamella
of cell wall which might inhibit cell expansion
(Poschenrieder et al. 1989), and the direct and indirect
effect on the growth hormone, auxin metabolisms, or
auxin carriers.

Chlorophyll content

Photosynthesis is perhaps the most basic aspect in plant
metabolism assessment related to growth and survival in
adverse conditions. Metals like Cd, Pb, Zn, Cr, etc.,
when present in high concentration in soil, show poten-
tial toxic effects on overall growth and metabolism of
plants (Agrawal and Sharma 2006). The data regarding
chlorophyll content in leaves of A. indicum is presented
in Fig. 1. It is clearly evident from the figure that
chlorophyll content of leaves was influenced by the Cd
treatments applied. Application of Cd decreases chl “a”,
chl “b”, as well as total chlorophyll content in leaves
with the increasing metal concentrations up to 60 DAT
in all the treatments. After 60 DAT, chlorophyll content
in all treatments stabilized and the values were nearly
equal to control showing the adaptability of the plant to
the Cd contamination. Chl “a” varied from 0.66—
1.27 mg g ' f.wt.; chl “b” varied from 0.76—
1.41 mg g ' fiwt.; and total chlorophyll varied from
1.42-2.68 mg g ' f.wt. at 30 DAT to 1.18-1.33, 1.20—
1.41, and 2.44-2.69 mg g ' f.wt., respectively, at
90 DAT. Decrease in the total chlorophyll content has
been well documented under heavy metal stress and
may reflect the level of photosynthetic activity in plants
(Ouzounidou 1995; Panda and Choudhary 2005; Jiang
et al. 2007). Heavy metals are reported to inhibit chlo-
rophyll biosynthesis, particularly by inhibiting 2-
aminolevulinic acid hydrogenase and
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Table 2 Effect of Cd concentrations on root length (cm), shoot length (cm), and biomass (g) in A. indicum

Treatments (mg/kg)  Root length (cm) Shoot length (cm) Biomass (g)
30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT

Cd-0 39.3+3.6  44.7+2.8 652442 77.6+63 862+73 532437 81.1+29 932+62 102.4+2.6
Cd-2.5 36.6+£1.8 393+24 619+3.1 72.0+£4.1 83.7+52 452+1.5 72.0+3.1 84.7+2.5 99.6+0.9
Cd-5 29.0+2.7 37.1+1.7 40.7£19 522+37 66.1+2.8 40.8423 52.5+14 64.8+3.1 84.2+1.6
Cd-10 21.9+3.1  309+19 379427 558+24 634+3.6 39.1+1.7 47.1+£26 70.3+2.6 82.7+22
Cd-15 249+2.6 283+27 38.8+£3.1 45.6+1.7 57.0+4.7 354432 557+1.6 633+2.1 79.1£3.1
Cd-20 18.3+3.1 25.0+3.1 30.0£0.8 41.1+22 483+32 29.842.6 46.7+3.1 64.0+32 73.6+4.2
Cd-25 15413 19.5+1.6 244426 32.5+3.6 41.7+1.7 247+£2.1 43.6+1.0 53.8+29 68.1+1.4

DAT days after treatment

protochlorophyllide reductase (Ouzounidou 1995;
Miyadate et al. 2011). Cd may interfere with different
steps of Calvin cycle, resulting in the inhibition of
photosynthetic substances and in poisoning of the cell
cytoplasm (Pahlasson 1989). Similar results were re-
ported by Phetsombat et al. 2006; Pandey et al. 2007.

Proline content

The plants exposed to heavy metals seem to induce
accumulation of free proline (Talanova et al. 2000;
Hayat et al. 2012). Proline accumulation, accepted as
an indicator of environmental stress, is also considered
to have important protective roles (Schat et al. 1997).
The data regarding proline accumulation in A. indicum
is presented in Fig. 2. At all the testing days, all treat-
ments showed higher levels of proline in comparison to

Fig. 1 Chlorophyll pigments in

A. indicum at successive days of
study. (DAT days after treatment)
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the control. The value of proline accumulation increases
with the increased in the concentration of Cd in soil.
Proline content varied from 0.43-0.93 pg/g f.wt.
(at 30 DAT); 0.27-0.49 png/g (at 60 DAT), and
0.08-0.23 pg/g (at 90 DAT). Proline plays important
roles in osmoregulation, protection of enzymes, stabili-
zation of the machinery of protein synthesis, regulation
of cytosolic acidity, and scavenging of free radicals. It
has been proposed by many workers that proline accu-
mulates in plants to counteract stress-induced effects. In
the present investigation also, all treatments showed
higher levels of proline accumulation as compared to
control. Application of Cd in soil appeared to increase
the proline values up to 35 times that of the control.
Thus, the data in the present clearly indicates that in-
crease in proline content is related to increase in metal
stress. Similar findings were reported by other workers

2.5

2.0 A

Pigments (mg/g)

0.5

Cd
Cd
Cd
Cd- 10 mg.kg
Cd
Cd
Cd

- 0 mg/kg
- 2.5 mg/kg
- 5 mg/kg

- 15 mg/kg
- 20 mg/kg
- 25 mg/kg

0.0 -

Al K

i’)ODAT

Pl K1 F]

60DAT 90DA'{I’ 3OE{AT 60DAT 90DA;I'

ATl SSG——————.

K
H
K
K

RIE

Rk
H
b
K
H

LTI T T TS S ..

K
H
K
K

B

23
H
b
K
H

K Ul Bk

30DlA

T 60DAT 90D/}T

i
Ak

Chl a

Y

Chl b

Y
Total Chl



Environ Monit Assess (2015) 187: 527

Page 7 of 9 527

Fig. 2 Proline content (ng/g) in 1.2
A. indicum at successive days of
study 104
)
g 0.8 4
=
c
2
c
o
o
Q
£
<
o

also in Oryza sativa (Roy et al. 1992), sunflower
(Kastori et al. 1992), and Brassica juncea (Singh and
Tewari 2003).

Assessment of phytoremedial potential of plant

The BAC, BCF, and TF values (Table 3) are some of the
key help to identify the suitability of plants for
phytoextraction and phytostabilization by explaining
the accumulation characteristics and translocation be-
haviors of metals in plants. Higher TF values indicate
more allocation of absorbed metal to aboveground bio-
mass. However, in the present study, TF values indicate
that none of the sample allocated Cd in greater propor-
tion to the aboveground biomass in 4. indicum. In plants
with low TF, there is less translocation of metals to the
aboveground portions which may be due to immobili-
zation of metals in roots by vacuole sequestration or cell

Table 3 Metal accumulation characteristics of 4. indicum

- 0 mg/kg

- 2.5 mg/kg
- 5 mg/kg

- 10 mg/kg
- 15 mg/kg
- 20 mg/kg
- 25 mg/kg

O000O0O00
aocaogaogaaa

60 DAT

Days after treatment

wall binding, thereby preventing interaction with high
molecular weight compounds in the plant cell cytoplasm
(Salt et al. 1995). According to Mendez and Maier
(2008), a plant suitable for phytostabilization should
have BCF >1 and TF <1. All plant samples exhibited
BCF value greater than 1 at all the concentrations. The
plant partitioned a major part of metal in the root itself.
High BCF and low TF values were observed in all the
plant samples establishing 4. indicum as a good
phytostabilizer for Cd.

Conclusion

A. indicum was found to tolerate Cd concentrations up
to 25 mg/kg which confirms the ability of this plant to
establish and grow well in Cd-contaminated soil and
accumulate substantial amount of Cd in root even when

Treatments (mg/kg) BAC BCF TF
30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT

Cd-2.5 0.30 0.39 0.42 1.93 2.76 3.28 0.16 0.14 0.13
Cd-5 0.18 0.26 0.36 1.71 2.30 2.68 0.11 0.11 0.13
Cd-10 0.19 0.22 0.32 1.17 1.53 1.87 0.16 0.14 0.17
Cd-15 0.16 0.23 0.32 1.03 1.45 1.75 0.15 0.16 0.18
Cd-20 0.21 0.29 0.38 1.16 1.61 1.86 0.18 0.18 0.20
Cd-25 0.19 0.25 0.40 1.11 1.43 1.75 0.17 0.17 0.23

BAC bioabsorption coefficient, BCF bioconcentration factor, 7F translocation factor, DAT days after treatment
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they are present in low concentrations in the soil. Thus,
this plant species provides scope for decontamination of
Cd-polluted soils. Significant metal accumulation along
with decrease in biomass and chlorophyll and proline
content suggest that the plant is able to tolerate Cd metal
ions. However, it should still be tested in the field under
metal-contaminated conditions. Further work is needed
to obtain information about the putative heavy metal
tolerance mechanisms of this species. Considering the
accumulation ability, high BCF and low TF values
establish A. indicum as a potential candidate plant for
phytoremediation as a Cd phytostabilizer. Thus,
phytoremediation employing indigenous weed species
like 4. indicum can be an ecologically viable option for
sustainable and cost-effective management.
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