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ABSTRACT

Phytoextraction potential of Mirabilis jalapa, with tuberous root having high ecological
adoptability was studied in the present work . Different levels of cadmium and chromium stress on
growth, physiology and metal uptake were studied using pot experiments. The experiment comprised
of 5 dosages of cadmium and chromium with different test concentrations (TC) viz, TC1(0), TC2(25),
TC3(50), TC4(75) and TC5(100) ppm, for the period of 45 days. Growth, physiological parameters
and metal accumulation were estimated at 15 days intervals in root and shoot of Mirabilis jalapa.
The shoot biomass of Mirabilis jalapa shown no significant reduction in both cadmium and chromium
treatments of soil whereas, root biomass and physiological parameters like chlorophyll a, chlorophyll
b and carotenoids were significantly reduced and shown inhibitory effect. The maximum uptake of
cadmium by root and shoot was 36.2mg/kg and 48.62mg/kg in TC4 soils on day 45. The maximum
uptake of chromium by root and shoot was 34.8mg/kg and 23.5mg/kg in TC4 soils on day 45. There
is no inhibitory effect shown on metal uptake as it increased with increasing the dosage of heavy
metals in soils. Bioconcentration factor (BCF) and Translocation factor (TF) were >1 in cadmium
contaminated soils, where as in chromium contaminated soils BCF>1 but TF<1. Over all the present
study can be concluded that Mirabilis jalapa could be promising accumulator and most suitable for
the remediation of cadmium and chromium contaminated soils.
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INTRODUCTION

The development of industrialization
and anthropogenic activities led to an increased
accumulation of heavy metals, which results in
contamination of soil'. Generally, heavy metals are
not biodegradable and therefore can sustain for
longer time in environmental segments. Due to this
bioaccumulative nature heavy metals may alter the
food chain and cause various toxic effects on plants,
humans and animals. In environment, the most
common toxic metals are cadium, lead, mercury,
arsenic, chromium and copper2. Chromium normally
exists in two oxidation states in soils in which
chromium (VI) is highly toxic to plants and animals
in high doses and is responsible for inducing cancer
and teratism, resulting liver and kidney damage.

In environment cadmium can be easily uptake by
organisms®. Cadmium and chromium were found
to be highly transportable in soil-plant system®.
Therefore, remediation of lands polluted with toxic
heavy metals is very essential for environmental
conservation. Remediation could be done by many
different technologies, however these procedure
are laborious and costly®. Phtoremediation has
been used as an effective technique for extraction
of heavy metals in soil in which selected plant
species is utilized for the absorption of heavy metals.
Phtoremediation method is one of the most effective,
simple, economical and eco-friendly®. Some plant
species are endemic to metallic-ferrous soil and can
tolerate greater than the used amount of heavy metal
or other compounds. Extraction of heavy metals using
plants in contaminated soils was a very old practice
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since 300 years, since plants have the capacity
to extract heavy metals in higher concentration
which are referred to a hyper accumulator”®. Hence
for the progress of phytoremediation, tracing out
of new hyper accumulators which can overcome
limitations like slow growth rate, less resistance
and poor competitiveness with native plants
which can survive in unfavourable conditions are
required ° At present, Phytoremediation technologies
like phytoextraction, phytofiltration, phytostabilization,
phytovolatilization and phytodegradation are being
adopted'®. Phytoextraction was found to be best
method for the accumulation and translocation of
heavy metals from root to shoot and remediate
soil without damaging the soil composition and
fertility ''. Phytoextraction could benefit in many ways
like restoring soil fertility and minimizing leaching.
Most of the research on phytoremediation was
based on pot experiments and hydroponic culture,
and very few studies evaluated the phytoextraction
potential of hyper accumulators under field trials™.
This research was designed with the objectives to
analyse the cadmium and chromium accumulation
and translocation from the contaminated soils.
The aim of this work was (i) to analyse the growth
performance of plant (ii) to evaluate the potential of
selected plant species for the accumulation of heavy
metal in different concentrations of metal amended
soils along with the physico chemical parameters
of soils (iii) to study the accumulation of cadmium
and chromium in roots, shoots of the plant (iv) to
compare the bioaccumulation and translocation
factor of cadmium and chromium in selected plant
species.

MATERIALS AND METHODS

An investigation was planned to identify the
uptake of cadmium and chromium from contaminated
soils by Mirabilis jalapa (figure (1).The plant species
should possess high ecological adoptability like
fast propagation, large shoot dry matter, high metal
tolerance, high bioavailability, short life cycle and
wide distribution.

Phytoextraction experiment

A green house study was carried out in an
artificially amended sandy soil with Cadmium and
Chromium using different concentrations (0, 25, 50, 75
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and 100ppm). Some selected soil characteristics as
follows: PH 8.02, EC0.116ms, Organic carbon 0.41%,
and total cadmium and chromium concentrations
2.29 mg/kg and 2.5 mg/kg respectively, available
cadmium and chromium concentrations 0.57mg/kg
& 0.6 mg/kg respectively.

Pot culture experiments were conducted
using garden soil. Air dried soil of 5kg transferred
into each pot after mixing with salts CdCI2. 5H20
and K2Cr207. The known concentrations of salts
were mixed with air dried soil filled pots and left for
stabilization for 2 days. Three replicates of each
treatment were considered. To maintain same
conditions for all the plants, no additional light
supplied and grown under natural conditions. During
the course of study no artificial fertilizers were added
to improve the growth and accumulation of heavy
metals.

Growth performance & Physiological study
The growth studies of individual plants were
grown under similar conditions and 9 plants for each
concentration were harvested a time interval of 15
days from 0 to 45 days without destruction of roots.
Plant height (cm) was measured from root leaves
to the top the plant from each pot. The root and
shoot of plants were dried in hot air oven at 650C
for 72 hours and for every 15 days shoot and root
length(cm) and dry matter (g) of the sample (root
& shoot) were recorded. Chlorophyll a, chlorophyll
b and carotenoids of the leaves in the test species
were measured on all the harvest days. 0.5 g of fresh
material was weighed accurately ground to a fine
pulp using a mortar and pestle with the addition of

Fig. 1: Schematic diagram of Mirabilis jalapa
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80% acetone, centrifuged and the clear supernatant
was transferred to a 50ml of volumetric flask. This
process was repeated until the residue turns to
colorless and the entire solution was made up to the
mark with 80% acetone to read the values in UV-VS
Spectrophotometer?s.

Metal analysis

The oven dried ground plant materials
0.5gm was accurately weighed and digested for
the determination of metals using Kjeldahl flask
and digested slowly using mixed acid digestion
procedure' with nitric acid (HNO3) and perchloric
acid (HCIO4) mixture (2:1) in a closed system. The
digest was heated on a hot plate until it became clear
and then it was allowed to cool and filtered through
a whattman filter paper. The filtrate was collected in
a 50ml volumetric flask and diluted up to the mark
with distilled water. Then the filtrate was used for the
analysis of metals cadmium and chromium in sample
solutions were quantified using Atomic Absorption
Spectrophotometer and results were expressed in
triplicates.

Total cadmium and chromium content of soil
was determined by mixed acid digestion procedure
and the available metal i.e., Acetic acid (2.5% m
1:1) extractable metal were determined by Atomic
Absorption Spectrophotometer.

Calculation of Bioconcetration and Translocation
factors
Bioconcetration factor (BCF)

Bioconcentration factor provides an
index of the ability of the plant to accumulate a
particular metal with respect to its concentration
in the soil substrate. It is a ratio of the heavy metal
concentration in the plant tissue (root, shoot) to that
in soil. It is evaluated as follows™.

{Metal) plant tissue
ECF=

Metal) soil

Translocation factor (TF)

Translocation factor indicates the ability
of the plant to translocate the metals from root to
shoot at different concentrations. It is a ratio of
concentration of the heavy metal in shots to that in

its roots. It is calculated as follows?®.
(Metal) shoot

M=

=

{Metal) root
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The translocation property describe that
the content of heavy metals accumulated in shoots
of a plants should be higher than those in its roots
i.,e., TF>1 to be considered as a accumulator
plant where as the ratios are invariably <1 is non
accumulators’®.

Statistical Analysis

Average data uptake, transfer coefficient
were submitted for statistical analysis. Differences in
heavy metal concentrations among different parts of
the plant species detected using Two-way ANOVA. A
significance level of (p < 0.05) was used throughout
the study. All statistical analyses were performed
using STATISTICA (Version 7), MSEXCEL (Microsoft
office 2012) and GrphPad Prism (Version 5).

RESULTS AND DISCUSSION

Effect of cadmium stress on plant growth and
physiology

Toxic symptoms were not observed in any
test concentrations during process of study. There
was no significant reduction identified in shoot length
and root dry matter compared to control. The mean
values have increased showing no inhibitory effect
with increases soil cadmium on all harvest days
figure 2(a) and 2(b). The maximum shoot length
and shoot dry matter were 37.5cm and 3 mg/kg in
TC4 soils on day 45 respectively. However the root
length and root dry matter were significantly reduced
in TC4 soils. The maximum reduction was observed
on day 45 figure 2(a) and 2(b). The mean values have
decreased shown that inhibitory effect on root length
and root dry matter with increased in soil cadmium
which is proved in the earlier reports.

As shown in figure 3(a) to 3(c). Same
trend observed in physiological parameters. The
mean values of leaf pigments were decreased with
the increased of soil cadmium which was similar to
previous studies (17). The maximum reduction in leaf
pigments were 0.54mg/g, 0.35mg/g and 0.23mg/g
on day 45 in TC4 soils respectively.

Effect of chromium stress on plant growth and
physiology

Root system of the plant shown significant
difference relative to control. Root length and root dry
matter were decreased as the dosages of chromium
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increased from 25 to 100 ppm. The tallest plants
were found in control pots Figure 4(a) and 4(b).
The maximum reduction in root length and root
dry matter observed in TC4 soils on day 45. Same
trend observed in shoot system of the plant figure
4(a) and 4(b). In shoot system, Shoot length and
shoot dry matter were increased as the dosages of
Chromium increased in test concentrationsTC1 to
TC4. The mean values have increased shown no
inhibitory effect on shoot system with increased in
soil chromium.

As shown in figure 5(a) to 5(c) total
chlorophyll and carotenoid values were affected,
which was similar to some previous studies'®. The
maximum reduction in chlorophyll a, chlorophyll b and
carotenoids were 0.4mg/g, 0.28mg/g and 0.12mg/g
on day 45 in TC4soils respectively. The mean values
have decreased shown that inhibitory effect on
physiological parameters of test concentrations.

Cadmium uptake by Mirabilis jalapa

As shown in Table (1) and Figure 6(a)
to 6(c) the maximum accumulation by roots and
shoots were 36.2mg/kg & 48.62 mg/kg in TC4 soils
on day 45. The mean values have increased with
increased soil cadmium on all harvest days and
shown no significant reduction, relative to control.
Accumulation of cadmium was found higher in shoots
rather than in shoot which indicates that cadmium is
effectively translocated to shoot.
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Chromium uptake by Mirabilis jalapa

The maximum accumulation by roots and
shoots were 34.8 mg/kg & 23.5 mg/kg in TC4 soils on
day 45 as shown in Table (2) and Figure 7(a) to 7(c).
Accumulation of chromium was found higher in root
rather than in shoot. The accumulation difference of
chromium among the root and shoot was marginal.
The possible reason might be that there were some
other physiological reasons responsible for this
phenomenon. The mean values have increased with
increased soil chromium on all harvest days and
shown no significant reduction, relative to control.

Biological concentration factor & Translocation
factor in cadmium

As shown in Table (3) in cadmium, the
maximum BCF of shoot and root were 2.15 and 1.60
in TC4 on day 45 respectively. The BCF values in
experiment increased with increased soil cadmium
concentrations and all of them higher than 1.0
suggesting that Mirabilis jalapa has stable feature of
cadmium accumulation. The BCF of root and shoot
has increased with time showing that the plant is
extracting more metal. The increase in BCF with time
was positive and it is proved in earlier reports (19).
Translocation values in the experiment were found to
be 1.25 - 1.37 respectively. The overall results shows
that the maximum TF observed in TC4 on day 45.
Translocation values were found to be higher than 1.0
in different test concentrations on different harvest
days indicates the ability of cadmium translocation
from roots to shoots.
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Fig. 3(b): Chlorophyll b content in different
concentrations at different harvests (mg/g) in
cadmium contaminated soils

Biological concentration factor & Translocation
factor in Chromium

As shown in Table (3) in chromium, the
maximum BCF of shoot and root were 2.08 & 1.68
observed in TC4 on day45 respectively. All of them
higher than 1.0 suggesting that Mirabilis jalapa has
stable feature of chromium accumulation. The BCF of
root and shoot has increased with time showing that
the plant is extracting more metal. The increase in
BCF with time was positive and it is proved in earlier
reports.

Translocation values in the experiment
were 0.76-0.81. The maximum TF observed in TC4
onday 45. All of them lower than 1.0 in different test
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Fig. 4(a): Plant length in different
concentrations on different harvest days in
chromium contaminated soils
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concentrations on different harvest days indicates
the poor ability of chromium translocation from roots
to shoots.
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CONCLUSION

In the study, cadmium and chromium
concentrations were significantly increased in
shoot and root with increased dosage in all test
concentrations. In pot studies, the test plant species
Mirabilis jalapa shown a positive response for its
accumulation. The plant tolerance for cadmium and
chromium was evident in form of increase in shoot
height and shoot dry matter of the plant. However, with
increase in cadmium and chromium concentration in
soils, root dry mater was considerably reduced and
in the process, toxic symptoms were not identified.
Whereas, accumulation of cadmium and chromium
in Mirabilis jalapa induces stress and causes
chlorophyll loss. The overall result have shown that
the metal uptake could affect the chlorophyll a,
chlorophyll b and carotenoids contents as it reduced
with increase in metal exposures and time and this
may be due to heavy metal stress. Overall, the mean
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Fig. 7(c): Chromium accumulations of shoot
and root in different concentrations on day —
45

Table 1: Cadmium up take with varying cadmium concentrations on different harvest days

Cadmium Harvest Days

accumulation 15 days 30 days 45 days

in soils root shoot root shoot root shoot
Control 0.68+0.003 0.8+£0.005 0.93+0.002 1.14+0.003 1.12+£0.002 1.4+0.001
TCH 6.56+0.003 7.9+£0.02 8.25+0.002 10.5+£0.02 9.35+0.003 12.1+£0.01
TC2 15.3+0.003 19.4+0.002 19.07+0.001 25.07+0.003  17.1+£0.002 22.8+0.001
TC3 24.1+£0.002 37.8+0.01 30.52+0.01 41.25£0.005 32.14+0.008  43.9+0.006
TC4 28.9+0.002  41.04+£0.008 34.1+0.004 45.5+0.008 36.2+0.006  48.62+0.006

Results are means + SE (n=3)
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Table 2: Chromium up take with varying cadmium concentrations on different harvest days

Cadmium Harvest Days
accumulation 15 days 30 days 45 days
in soils root shoot root shoot root shoot
Control 0.87+0.002 0.8+£0.004 1.23+£0.001 0.8+0.01 1.8+0.06 1.36+0.002
TCH 4.5+0.05 4+0.01 5.6+£0.006 3.9+0.008 8.2+0.004 6.03+0.005
TC2 11+0.003 7.17+0.004 12.1£0.005 8.6+0.002 16.7+0.004 13.2+0.001
TC3 20.7+0.006 14.6+0.003 25.7+0.002 20+0.008 27+0.005 21.4+0.004
TC4 24.5+0.005 17.1£0.004 30.3+0.002 22.3+0.001 34.8+0.001 23.5+0.003
Results are means + SE (n=3)
Table 3: BCF & TF in cadmium & chromium

Metal 45 days
Accumulation Cadmium Chromium

BCF of shoot BCF of root TF BCF of shoot BCF of root TF
Control 1.6 1.28 1.25 1.36 1.8 0.76
TCH 1.76 1.36 1.29 1.47 2 0.74
TC2 1.92 1.44 1.33 1.53 1.94 0.79
TC3 2.08 1.52 1.37 1.3 1.65 0.79
TC4 2.15 1.6 1.34 1.68 2.08 0.81

Results are means + SE (n=3)

values of cadmium and chromium uptake by plants
increased with increased metal concentrations in
soils which is in agreement with earlier studies (20).
The maximum uptake was observed in cadmium in
TC4 on day 45 in both shoot and root (48.6 mg/g &
36.2 mg/g). The results of chemical analysis proved
that both BCF and TF values are greater than 1.0
in cadmium. Whereas in chromium BCF values are
greater than1.0 but TF values are lower than 1.0.
Hence, it can be concluded that the test plant species
Mirabilis jalapa could be good hyper accumulator
for cadmium rather than chromium. However being
BCF values greater than 1.0 it can be considered

as good for phytostabilizaton of metals. As Mirabilis
jalapa is widely distributed, reproduced easily by its
seed having strong ecological adaptability and great
potential for remediation, it can be highly considered
as hyper accumulator for cadmium contaminated
soils.
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