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ABSTRACT
The present study focuses on the physiological and biochemical responses of Vigna radiata seedlings to varying concentrations of
CdCl2 and NaCl. Both the stressors enhanced seedling mortality, more notably at the higher concentrations. The detrimental effects
were reflected in the form of decline in normal growth, reduction in germination percentage, inhibition in root and shoot length,
decreased fresh weight and dry weight of seedlings and loss in chlorophyll content. The severity of stresses increased in a dosedependent manner. Both CdCl2 and NaCl provoked oxidative stress as detected by enhanced malondialdehyde (MDA) and peroxide
content, being proportionate with the concentration of the stressors. In terms of susceptibility to the two stresses, both roots and leaves
showed similar response. As a protective mechanism, the seedlings showed elevated levels of the osmoregulator proline, the increment
being somewhat higher in roots for NaCl, while similar enhancement in both roots and leaves for CdCl2. The activities of the
antioxidant enzymes, catechol-peroxidase (POX) and catalase (CAT) increased progressively with the increase in CdCl2 and NaCl
concentrations. While the increment was greater in roots for catechol-POX, it was higher in leaves for CAT. The increase in
antioxidant activities could either be a response to the cellular damage induced by the stressors or a mechanism to ward off the
damages due to lipid peroxidation (enhanced MDA) and increased peroxide. Thus, by altering the level of biomolecules, and
modulating their physiological and biochemical functions, Vigna radiata seedlings could overcome the cellular toxicity rendered by
CdCl2 and NaCl.
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INTRODUCTION
Plants are usually exposed to a number of abiotic stresses like
temperature, light, drought, metal and salt stress, which can
produce harmful effects on plant growth and development.
Salinity affects 7% of the world’s land area for around 930
million ha1, and increase in this menace is a poisoning threat
to agriculture globally. Salinity reduces the ability of the
plants to take up water, leading to growth reduction as well as
metabolic changes similar to those caused by water stress2.
NaCl is by far the damaging and predominant salt, which
reduces crop yield drastically and has serious detrimental
effect on productivity. The physiological criteria
encompassing NaCl stress are enhanced Na+ contents in
tissues, reduced chlorophyll content and photosynthetic rate,
triggered formation of reactive oxygen species (ROS) and
qualitative and quantitative changes in amino acids and
proteins, together with the up regulation or down regulation of

various antioxidative enzymes. The delayed plant growth and
development are interpretable as adaptive traits for plant
survival, allowing them to use a significant part of
photoassimilates to react to stress. Other essential processes
leading to plant adaption to salt stress include control of water
loss through stomata, metabolic adjustment, toxic ion
homeostasis and osmotic adjustment3. Increased soil pollution
due to continuous use of heavy metal contaminated industrial
effluents is also critical to crop production globally. The heavy
metals greatly accumulate in soil and the plants show toxicity
symptoms. The most abundant metals in the environment with
unknown metabolic functions include arsenic, mercury,
cadmium, lead and uranium, which are toxic to plants. Of
these, cadmium (Cd) is relatively more damaging due to its
excessive discharge as a byproduct from industries. Cd is
readily absorbed by the roots and translocated to shoots4.
Stunting of growth with increased Cd-levels in growth media
occurs due to enhanced leaf rolling and chlorosis of foliar
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parts and hampered leaf water status and photosynthesis5.
Further studies suggested that Cd changes lipid composition
by enhanced production of ROS6 or decreases the activities of
antioxidants in a number of plant species7. Available reports
also show marked differences for Cd tolerance in various plant
species including wheat8, cotton9, pea10 and rice11. The
differences in tolerance are likely due to genetic differences
that result in varying uptake, accumulation and physiological
mechanisms that confer tolerance12.
A major part of human diet all over the world consists of
cereals and legumes. Approximately, 70% of human food
comprises cereals and legumes and the rest 30% comes from
animals. Leguminous crops are agriculturally important, being
one of the rich sources of protein and dietary amino acids for
man and farm animals. They are notable for their ability to fix
atmospheric nitrogen, and can be used in crop rotation to
replenish soil that has been depleted of nitrogen. The legumes,
containing sufficient amounts of the essential amino acid
lysine, also serve to compensate for cereal grains, which are
relatively deficient in lysine. Mungbean (Vigna radiata L.
Wilczek) is an important traditional legume crop all over the
world13 and among the most important summer season crops
in semiarid regions. Being a leguminous crop, it demands less
nitrogenous fertilizers and fits well in different crop rotation
systems to maintain soil fertility. It can be used as a crop with
export potential. It is of short duration, requires low inputs,
yields highly and serves as an excellent and cheap source of
protein as seed or sprout, with potential food value for direct
human consumption. The seeds produce multiple edible
products and the dry seeds are easy to store and export. A
decoction of seeds is effective in Beri-Beri. The mungbean
extract is said to have protective and curative properties of
certain diseases such as polyneuritis glanarium. It is also used
in the production of several antibiotics such as penicillin14.
Legumes are among the most sensitive plants to salinity15.
Major obstacles to the growth and productivity of mungbean
in arid and semiarid regions are the ever-increasing salinity of
soils and the scarcity of good quality of irrigation water16.
Although it can be grown in extreme environments, V. radiata
is essentially a glycophyte, meaning that they are susceptible
to salinity toxicity. The threshold and slope of mungbean are
1.8 dSm-1 and 20.7% per dSm-1 of saturated soil extract (ECe)
respectively17. One of the approaches to increase legume
production is therefore to expand the cultivation of mungbean
in salinity-affected soils. Legume crops are also less tolerant
to Cd toxicity than cereals, grasses and other trees and hence
severely affected by Cd stress, inhibiting biomass productivity
even in lower Cd concentrations. There exists scattered
information of Cd toxicity in legumes. The responses of
mungbean to Cd toxicity merits thorough investigation with
specific focus on damaging symptoms, defense strategies and
seedling survival. It is surmised that symptoms of Cd-toxicity
and seedling survival have close association with each other
and would determine the final plant stand.
The adverse symptoms on various plant parts directly indicate
the severity of stress, and therefore may be useful in
diagnosing stress effects and adopting appropriate strategies to
increase stress tolerance18. In our earlier studies, we showed
the biochemical responses of indica rice varieties to NaCl

toxicity19 as well as to increasing CdCl2 concentrations11.
However, limited knowledge of the physiological and
biochemical responses of V. radiata to gradually increasing
concentrations of both salinity and Cd stress have resulted in
slower progress in crop improvement for salt or Cd tolerance.
On this note, the present study aimed at examining the impact
of different concentration of NaCl and CdCl2 on
morphological parameters such as efficiency of seed
germination, overall plant growth, fresh weight and dry
weight, root length and shoot length, and certain biochemical
changes including chlorophyll content, stress-induced
damages in the form of malondialdehyde (MDA) and total
peroxide, as well as defense mechanism in terms of elevated
proline (Pro) content or enhanced activity of antioxidant
enzymes like catechol-peroxidase (POX, EC 1.11.1.7) and
catalase (CAT, EC 1.11.1.6).

MATERIALS AND METHODS
Plant material, growth conditions and stress treatments:
Seeds of V. radiata L. Wilczek were surface sterilized with
0.1% (w/v) HgCl2 for 10 min, washed extensively and allowed
to germinate in Petridishes lined with water-soaked filter
paper at 27 ± 2oC for two days. The germinated seedlings were
next transferred to separate Petridishes containing either
varying concentrations of CdCl2 (0.5 mM, 1 mM, 2 mM, 4
mM and 6 mM) or varying concentrations of NaCl (100 mM,
150 mM, 200 mM and 250 mM). Water controls (0 mM NaCl
or 0 mM CdCl2) were run parallel to each experiment. All the
Petridishes were maintained at well aerated places under
properly-illuminated conditions. Following 5 days of stress
imposition, CdCl2-stressed or NaCl-stressed seedlings were
monitored for their overall growth. In addition, the seedlings
were washed thoroughly and used for the various biochemical
analyses.
Measurement of root length and shoot length; fresh weight
and dry weight of seedlings:
Following stress imposition of two-day old germinated
seedlings for five days, 20 seedlings were randomly selected
from each set and washed rigorously with water. The root
length and shoot length were measured in centimeter scale in
three independent experiments. About 20 seedlings were also
selected for measuring the fresh weight of root and shoot from
each set separately. Following fresh weight measurement, the
tissues were kept in hot air oven at 80oC for two days and the
weight of dried root and shoot tissues were noted.
Estimation of percentage of germination:
About 50 seeds were sown (day 0), germinated and grown for
three days either in control medium or in medium containing
either different concentrations of NaCl (100 mM, 150 mM,
200 mM and 250 mM) or CdCl2 (0.5 mM, 1 mM, 2 mM, 4
mM and 6 mM). After three days, 50 seeds from each set were
tested for germination and the germination percentage was
recorded against control (0 mM NaCl or 0 mM CdCl2). The
experiment was repeated thrice and the data recorded from the
mean of the three observations.
Estimation of chlorophyll content:
About 0.3 g of leaf samples harvested from untreated or
CdCl2-treated or NaCl-treated seedlings were used for the
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estimation of chlorophyll content20. Chlorophyll was extracted
with 80% (v/v) chilled alkaline acetone. The absorbance for
chlorophyll b at 645 nm and for chlorophyll a at 663 nm and
of total chlorophyll were recorded using the formula [{(20.2 ×
A645) + (8.02 × A663)}/1000 × W] × V, where ‘W’ is the fresh
weight of the material and ‘V’ is the extraction volume.
MDA assay:
About 0.5 g of root and leaf samples, harvested separately
from untreated or CdCl2-treated or NaCl-treated seedlings,
were used for MDA assay21. The samples were homogenized
with 50 mM buffer solution, which contained 0.07% NaH2PO4
2H2O and 1.6% Na2HPO4 12H2O, and centrifuged at 20,000 ×
g for 25 min at 4oC. About 4 ml of 20% (v/v) trichloroacetic
acid (TCA) containing 0.5% (w/v) thiobarbituric acid was
added to 1 ml aliquot of supernatant. The mixture was heated
at 95oC for 30 min, quickly cooled on ice and centrifuged for
10 min. The absorbance of the supernatant was read at A532
and the value of non specific absorption at A600 was subtracted
from A532 reading. The MDA concentration was calculated
using extinction coefficient 155 mM-1 cm-1.
Estimation of total peroxide content:
The total peroxide content in the root and leaf of untreated or
NaCl-treated or CdCl2-treated seedlings was estimated as
described earlier22. 0.5 g of plant tissue was homogenized with
cold 5% (w/v) TCA at 4oC and the homogenate was
centrifuged at 17, 000 × g at 4oC for 10 min. The supernatant
was immediately used for estimation of total peroxide by the
ferrithiocyanate method. Each reaction mixture contained 2 ml
of the extract, 0.5 ml of 50% TCA solution, 0.5 ml of 10 mM
ferrous ammonium sulfate, 0.3 ml of 2.5 M potassium
thiocyanate and 1.7 ml of distilled water. The absorbance of
the ferrithiocyanate complex formed was read at 480 nm and
was compared with the standard curve prepared with known
concentration of H2O2. Total peroxide content was expressed
in terms of ng g-1 fresh tissue.
Estimation of Pro content:
The Pro content in the root and leaf of untreated or CdCl2treated or NaCl-treated seedlings was estimated as described
earlier23. 0.5 g of tissue was homogenized with 5 ml of 0.1 M
sulphosalicylic acid and centrifuged at 2000 × g. The
supernatant was adjusted to 5 ml with distilled water. 2 ml of
the extract was incubated with 5 ml of glacial acetic acid and 5
ml of acid ninhydrin and the tubes were heated in boiling
water bath for 1 h. Following cooling of the tubes, the samples
were extracted with 10 ml of toluene and the red color
intensity was recorded at 520 nm against a standard curve
prepared using known concentrations of Pro.
Catechol-POX assay:
Catechol-POX assay was performed in the root and leaf of
untreated or NaCl-treated or CdCl2-treated seedlings following
the protocol as described earlier24 with slight modifications.
0.5 g of plant material was extracted in 0.1 ml of phosphate
buffer pH 7.0 and the homogenate centrifuged at 10, 000 × g
for 20 min at 4oC. The supernatant was used for enzyme assay.
The reaction mixture contained 5 ml of 0.1 M phosphate
buffer pH 7.0, 1 ml of 10% H2O2, 1 ml of 0.5% catechol and 1
ml of enzyme extract. The absorbance was recorded at 420 nm
at 0, 30 and 60 seconds of incubation. The total soluble protein
content in the extract was estimated and the enzyme activity

expressed in terms of change in absorbance mg-1 total protein
after 30 s or after 60 s of incubation.
CAT assay:
The root and leaf of untreated or NaCl-treated or CdCl2treated seedlings were separately homogenized in 0.1 M
phosphate buffer pH 7.0. The homogenate was centrifuged at
10, 000 × g for 20 min at 4oC. The CAT assay was performed
following the standard protocol25 with certain modifications.
The standard reaction mixture contained 1 ml of enzyme
extract, 10 ml of 0.1 M phosphate buffer pH 7.4 and 1 ml of
5% H2O2 and the sets were incubated for 30 min at room
temperature (25oC). The blank set contained 1 ml of phosphate
buffer instead of 1 ml of enzyme extract in a sample set. The
reaction was stopped by the addition of 5 ml of 10% H2SO4.
The residual H2O2 was titered against 0.02 N KMnO4. By
estimating the amount of KMnO4 consumed in terms of H2O2
(1 ml of 0.02 N KMnO4 = 17 mg H2O2), total H2O2 was
calculated. The total soluble protein content of the extract was
also determined and the CAT activity was expressed in terms
of H2O2 quenched h-1 mg-1 total protein.
Statistical analyses:
All the experimental data values were means from three
independent series, each done with three replicates, and the
results presented as means ± standard error (SE), based on
three replications. The significance of differences between the
mean values of control and CdCl2/NaCl-grown samples were
statistically evaluated by two-sided Student’s t-test. The
effects of stress on various parameters of Vigna seedlings were
considered statistically significant at p ≤ 0.05.

RESULTS
Effect of different concentrations of CdCl2 or NaCl on
seedling growth:
Both with CdCl2 or NaCl stress, Vigna seedlings showed
marked decline in normal growth, the extent of retardation
enhanced with the progressive increase in salt concentrations,
the maximum inhibition being at the highest concentrations,
viz., 6 mM CdCl2 (Fig. 1A) or 250 mM NaCl (Fig. 1B). Still
higher concentrations were not tried as the seedlings failed to
survive, showing brownish brittle roots and bleached leaves.
Estimation of germination percentage:
The seeds in control condition (0 mM CdCl2 or 0 mM NaCl)
showed 96% germination. With gradual increase in the
concentration of stressors, the germination percentage
declined progressively. The values were 88%, 72%, 52%, 40%
and 24% respectively at 0.5 mM, 1 mM, 2 mM, 4 mM and 6
mM CdCl2 (Fig. 2A). With NaCl treatment, the seed
germination was recorded as 58%, 48%, 45% and 27%
respectively at 100 mM, 150 mM, 200 mM and 250 mM (Fig.
2B). The loss in germination potential with both the inducers
was statistically significant (p ≤ 0.05).
Determination of root length and shoot length; fresh
weight and dry weight of seedlings:
Both the root (Fig. 3A) and shoot (Fig. 3B) length was
significantly inhibited with CdCl2 and NaCl treatment. The
reduction in root length with respect to control was 36%, 60%,
74%, 80% and 86% respectively at 0.5 mM, 1 mM, 2 mM, 4
mM and 6 mM CdCl2. In case of NaCl stress, the root length
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decreased 36%, 54%, 61% and 71% respectively at 100 mM,
150 mM, 200 mM and 250 mM. The shoot length was also
inhibited dramatically with reference to control with both the
stresses, viz., 26%, 43%, 55%, 66% and 79% at the CdCl2
concentrations used, and 44%, 70%, 80% and 81% at the
experimental NaCl concentrations. The retardation in both
root and shoot length was statistically significant due to CdCl2
and NaCl stress at all the experimental concentrations (p ≤
0.05).
The reduction in fresh weight (Fig. 3C) and dry weight (Fig.
3D) of seedlings with respect to control was evident with both
CdCl2 and NaCl stress. The fresh weight of seedlings reduced
26% at 0.5 mM, 53% at 1 mM, 68% at 2 mM, 75% at 4 mM
and 81% at 6 mM CdCl2. For NaCl, the reductions were 17%
at 100 mM, 45% at 150 mM, 54% at 200 mM and 57% at 250
mM. The decrease in dry weight of seedlings were 27%, 46%,
58%, 73% and 77% respectively at the above-mentioned
CdCl2 concentrations, while the values were 7%, 20%, 40%
and 53% respectively at the specified NaCl concentrations.
The loss in fresh weight and dry weight of seedlings with both
the stressors was significant statistically at p ≤ 0.05.
Estimation of endogenous chlorophyll content:
The chlorophyll content in the leaves (Fig. 4) decreased with
both CdCl2 and NaCl stress. With gradual increase in CdCl2
concentration, the chlorophyll loss was more pronounced, viz.,
43% loss at 1 mM, 58% loss at 2 mM, 63% loss at 4 mM and
73% loss at 6 mM CdCl2 concentrations. However, at 0.5 mM
concentration, there was practically no change in the
chlorophyll content with respect to the untreated conditions.
With respect to control, the reductions in chlorophyll content
were 26% at 150 mM NaCl, 38% at 200 mM NaCl and 48% at
250 mM NaCl stresses. At 100 mM NaCl, there was only 4%
reduction in chlorophyll content with respect to control. This
degeneration in chlorophyll was statistically significant at p ≤
0.05.
MDA assay:
The MDA content increased in the roots (Fig. 5A) and leaves
(Fig. 5B) with progressive increase in both CdCl2 and NaCl
concentrations. In the leaves of CdCl2-treated seedlings, the
increase with respect to control was 1.1-1.7 times, while in
roots, the increment ranged from 1.3-2.0 times. The maximum
MDA concentration was noted at 6 mM CdCl2. In the leaves
of NaCl-treated seedlings, the increase in MDA level with
respect to control ranged from 1.4-1.6 times, while in roots,
the increment was comparatively lesser (only 1.1 times) even
at the highest NaCl concentration, viz, 250 mM. The induction
in MDA level was statistically significant (p ≤ 0.05) in the
leaves and roots after both CdCl2 and NaCl treatment.
Determination of total peroxide content:
The total peroxide content was triggered 1.2-1.7 times and
1.3-2.1 times with respect to control respectively in the leaves
and roots of CdCl2-treated seedlings. In NaCl-treated
seedlings, the increment in total peroxide with respect to
control in the leaves and roots was 1.2-1.4 times and 1.2-1.7
times respectively. The maximum peroxide level was
observed at 6 mM CdCl2 and 250 mM NaCl both in roots (Fig.
6A) and leaves (Fig. 6B). The increase in total peroxide level
with respect to control was significant statistically for both the
stresses (p ≤ 0.05).

Estimation of Pro content:
The gradual increase in Pro content with progressive increase
in CdCl2 concentrations could be noted in both roots (Fig. 7A)
and leaves (Fig. 7B) of stressed plants. In leaves, the
increments in Pro level with respect to control were
respectively 2 times, 2.4 times, 3.1 times, 3.6 times and 4.3
times at 0.5 mM, 1 mM, 2 mM, 4 mM and 6 mM CdCl2
concentrations. In roots, the increases were 1.5 times, 2 times,
3.5 times, 3.8 times and 4.5 times respectively with respect to
control at 0.5 mM, 1 mM, 2 mM, 4 mM and 6 mM CdCl2
concentrations. The increases in Pro content were likewise
noted both in the roots (Fig. 7A) and leaves (Fig. 7B) of NaCltreated seedlings. In leaves, the Pro level increased 1.6 times,
2.1 times, 3.3 times and 4 times with respect to untreated
seedlings at 100 mM, 150 mM, 200 mM and 250 mM NaCl
concentrations respectively. In case of roots, the
corresponding increments over control were 2.5 times at both
100 mM and 150 mM NaCl, 3.1 times at 200 mM and 5 times
at 250 mM NaCl stress. The increment in Pro level was
statistically significant (p ≤ 0.05) in all the cases.
Determination of catechol-POX activity:
With increase in CdCl2 concentration, there was a progressive
increase in absorbance value in roots (Fig. 8A) and leaves
(Fig. 8B), which increased with the period of incubation. This
indicated enhancement in POX activity. In case of roots, the
absorbance increased 1.8 times, 4.3 times, 5.4 times, 10.3
times and 12.5 times with respect to control at 0.5 mM, 1 mM,
2 mM, 4 mM and 6 mM CdCl2 after 30 s, while after 60 s of
incubation, the recorded increases were 5.3 times, 6.4 times,
7.3 times, 12.5 times and 16.9 times respectively. Likewise,
the increment in absorbance in leaves were 1.5 times, 2.2
times, 3.8 times, 4.7 times and 8.3 times with respect to
control after 30 s incubation, while 1.3 times, 2.7 times, 4.1
times, 5.1 times and 7.4 times at the specified concentrations
after 60 s. In the roots (Fig. 8A) of NaCl-treated Vigna
seedlings, the absorbance increased 2-3 times with respect to
control both after 30 s and 60s, recording a maximum at the
highest concentration (250 mM) used. In leaves (Fig. 8B),
there was a uniform pattern of increase in absorbance at all the
concentrations used, and the maximum (2 times) was again
registered at 250 mM NaCl. Statistically significant increase in
POX activity (p ≤ 0.05) in the roots and leaves of Vigna
seedlings for both CdCl2 and NaCl stress was noted.
Determination of CAT activity:
A significant enhancement in CAT activity with respect to
control in the roots (Fig. 9A) and leaves (Fig. 9B) of CdCl2treated Vigna seedlings was prominent. In roots, the activity
increased 1.9 times at 0.5 mM, 2.5 times at 1 mM, 3.4 times at
2 mM, 3.7 times at 4 mM and 4.9 times at 6 mM, while in
leaves, the increased values were 2.3 times, 3.9 times, 4.7
times, 5.6 times and 6.7 times respectively. A similar trend
was also observed after NaCl stress imposition, where the
CAT activity in roots (Fig. 9A) was elevated 1.5 times, 1.9
times, 2.2 times and 2.6 times with respect to control at 100
mM, 150 mM, 200 mM and 250 mM; and 1.6 times, 2.1 times,
2.4 times and 3 times respectively in the leaves (Fig. 9B). The
induced CAT activity with CdCl2 and NaCl treatment was
statistically significant (p ≤ 0.05) in both leaves and roots.

Unique Journal of Pharmaceutical and Biological Sciences, 01(03), Nov-Dec 2013

14

Roychoudhury and Ghosh. UJPB 2013, 01 (03): Page 11-21

Figure 1: Effect of increasing concentration of CdCl2 (0.5 mM, 1 mM, 2
mM, 4 mM,, 6 mM) or NaCl (100 mM, 150 mM, 200 mM, 250 mM) on the
growth of Vigna radiata seedlings; stress was imposed for five days. The
untreated seedlings served as experimental control.

Figure 2: Percentage of germination of Vigna radiata seedlings during
treatment with different concentrations of CdCl2 (A) or NaCl (B),
compared against untreated conditions; 1: Untreated, 2: 0.5 mM CdCl2,
3: 1 mM CdCl2, 4: 2 mM CdCl2, 5: 4 mM CdCl2, 6: 6 mM CdCl2, 7:
Untreated, 8: 100 mM NaCl, 9: 150 mM NaCl, 10: 200 mM NaCl, 11: 250
mM NaCl. The data is statistically significant at P ≤ 0.05.

Figure 3: Effect of CdCl2 and NaCl stress on root length (A), shoot length
(B), fresh weight, viz., FW (C) and dry weight, viz., DW (D) of Vigna
radiata seedlings, compared against untreated conditions; 1: Untreated, 2:
0.5 mM CdCl2, 3: 1 mM CdCl2, 4: 2 mM CdCl2, 5: 4 mM CdCl2, 6: 6 mM
CdCl2, 7: Untreated, 8: 100 mM NaCl, 9: 150 mM NaCl, 10: 200 mM
NaCl, 11: 250 mM NaCl. The values are the mean ± SE for 20
observations. The SE in each case is represented by the vertical bar in
each graph (n = 20). Statistical differences at P ≤ 0.05 have been
calculated for each t-test.
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Figure 4: Effect of CdCl2 (A) and NaCl (B) stress on total chlorophyll
content of Vigna radiata seedlings, compared against untreated
conditions; 1: Untreated, 2: 0.5 mM CdCl2, 3: 1 mM CdCl2, 4: 2 mM
CdCl2, 5: 4 mM CdCl2, 6: 6 mM CdCl2, 7: Untreated, 8: 100 mM NaCl, 9:
150 mM NaCl, 10: 200 mM NaCl, 11: 250 mM NaCl. The values are the
mean
n ± SE for three observations. The SE in each case is represented by
the vertical bar in each graph (n = 3). Statistical differences at P ≤ 0.05
have been calculated for each t-test.

Figure 5: Effect of CdCl2 and NaCl stress on MDA content in the roots
(A) and leaves (B) of Vigna radiata seedlings, compared against untreated
conditions; 1: Untreated, 2: 0.5 mM CdCl2, 3: 1 mM CdCl2, 4: 2 mM
CdCl2, 5: 4 mM CdCl2, 6: 6 mM CdCl2, 7: Untreated, 8: 100 mM NaCl, 9:
150 mM NaCl,
l, 10: 200 mM NaCl, 11: 250 mM NaCl. The data
represented are means of three observations (n = 3). The vertical bar at
the top represents standard error in each case. Statistical differences at P
≤ 0.05 have been calculated for each t-test.

Figure 6: Effect of CdCl2 and NaCl stress on total peroxide content in the
roots (A) and leaves (B) of Vigna radiata seedlings, compared against
untreated conditions; 1: Untreated, 2: 0.5 mM CdCl2, 3: 1 mM CdCl2, 4:
2 mM CdCl2, 5: 4 mM CdCl2, 6: 6 mM CdCl2, 7: Untreated, 8: 100 mM
NaCl, 9: 150 mM NaCl, 10: 200 mM NaCl, 11: 250 mM NaCl. The data
represented are means of three observations (n = 3). The vertical bar at
the top represents standard error in each case. Statistical differences at P
≤ 0.05 have been calculated for each t-test.
test.

Figure 7: Proline content in the roots (A) and leaves (B) of CdCl2-treated
or NaCl-treated Vigna radiata seedlings, compared against untreated
conditions; 1: Untreated, 2: 0.5 mM CdCl2, 3: 1 mM CdCl2, 4: 2 mM
CdCl2, 5: 4 mM CdCl2, 6: 6 mM CdCl2, 7: Untreated, 8: 100 mM NaCl, 9:
150 mM NaCl, 10: 200 mM NaCl, 11: 250 mM NaCl. The values
represented graphically in the form of a histogram are the mean ±
standard error (n = 3). Statistical differences at P ≤ 0.05 have been
calculated for each t-test.
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Figure 8: Effect of CdCl2 and NaCl stress on catechol--POX activity in the roots (A) and leaves (B) of Vigna radiata seedlings, compared against untreated
conditions; the enzyme activity was expressed in terms oof change in absorbance mg-1 total protein after 30 s or after 60 s of incubation; 1: Untreated, 2: 0.5
mM CdCl2, 3: 1 mM CdCl2, 4: 2 mM CdCl2, 5: 4 mM CdCl2, 6: 6 mM CdCl2, 7: Untreated, 8: 100 mM NaCl, 9: 150 mM NaCl, 10: 200 mM NaCl, 11: 250 mM
NaCl. The values are the mean ± SE for three observations. The SE in each case is represented by the vertical bar in each graph (n = 3).
3) Statistical differences
at P ≤ 0.05 have been calculated for each t-test.

Figure 9: Effect of CdCl2 and NaCl stress on CAT activity in the roots (A) and leaves (B) of Vigna radiata seedlings, compared against untreated conditions;
the enzyme activity was expressed in terms of H2O2 quenched h-1 mg-1 total protein; 1: Untreated, 2: 0.5 mM CdCl2, 3: 1 mM CdCl2, 4: 2 mM CdCl2, 5: 4 mM
CdCl2, 6: 6 mM CdCl2, 7: Untreated, 8: 100 mM NaCl, 9: 150 mM NaCl, 10: 200 mM NaCl, 11: 250 mM NaCl. The values are the mean ± SE for three
observations. The SE in each case
ase is represented by the vertical bar in each graph (n = 3). Statistical differences at P ≤ 0.05 have been calculated for each
ea ttest.

DISCUSSION
The decrease in germination vigor of V. radiata seeds in this
study may be related to the negative effects of Cd on water

uptake and water movement. The seed germination of pea was
not affected by up to 0.5 mM of CdCl2 doses, but was lowered
by about 20% with 1 mM concentration of the metal26. In
addition,
on, Cd affected water relations not only by decreasing
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water absorption and transport, but also by lowering water
stress tolerance. Hence, the higher CdCl2 concentration
treatment to V. radiata seeds seemed to reduce the availability
of water in the embryo axis, and this may be the reason for the
low seedling establishment or retardation in overall seedling
growth in our experiment. In Phaseolus aureus, Cd influenced
the activity of hydrolytic enzymes such as α-amylase and
proteases which seemed to inhibit seedling growth27. Our
results showed a decrease in shoot and root lengths in
response to CdCl2 treatment, and this effect became more
significant at the higher metal concentrations. Fresh weight
and dry weight of shoots and roots of V. radiata seedlings also
decreased with increasing CdCl2 concentration. The roots
showed more severe degree of growth inhibition compared to
shoots. The observed CdCl2-induced decrease in growth rate
may be explained on the basis of Cd interference with cell
division and cell enlargement, especially in roots, which in
turn affected the uptake of water and nutrients. The growth
inhibition has been attributed to the decreased carbohydrate
formation, resulting from inhibited photosynthesis under Cd
influence28. The inactivation and interruption of proteins is
also accountable for poor growth and development of plants. It
has been observed that in Brassica juncea, Cd exhibited
inhibitory effect on plant growth, plant height and biomass
accumulation in a dose- and time-dependent manner29. Since
the occurrence of such toxicity signs result directly in the loss
of chlorophyll, the reduction in growth is a likely reason for
the crippled nutritional status of leaves. Cd is known to
specifically inhibit chlorophyll biosynthesis through binding
with functional sulphydryl group (-SH) of the enzymes δamino laevulinic acid dehydratase and protochlorophyllide
reductase. Recent studies have suggested that the formation of
light harvesting complex (LHC) is disturbed in Cd treated
leaves due to the inhibition of LHC protein synthesis30. This
explains the loss in chlorophyll content with increased CdCl2
in our experiment, supporting the earlier observation31. Cd
also alters the water relation in plants, causing a physiological
drought and causes metabolic dysfunctions like production of
ROS, such as H2O2 that may lead to breakdown or unspecific
oxidation of proteins and membrane lipids32. The membrane
lipid peroxidation was evident after 48 h of exposure to Cd
stress33. In our study, the total peroxide content increased in
both leaves and roots of Cd-stressed Vigna seedlings. The
MDA content, estimated as an index of lipid peroxidation and
membrane damages, showed gradual increase in both leaves
and roots with increased CdCl2 concentrations, supporting the
previous reports in Phaseolus vulgaris33 and Pisum sativum34.
The Cd induced oxidative stress are probably related both to
the levels of Cd supplied and to the concentration of thiolic
groups already present or induced by Cd treatment.
The deleterious effects of salinity on plant growth are
associated with low osmotic potential of soil solution, nutrient
imbalance, specific ion effect and the combination of these
factors. Our experiment showed that the germination
percentage, root length and shoot length as well as fresh
weight and dry weights of roots and leaves of NaCl-stressed
seedlings decreased with the increase in NaCl concentration.
The decrease in germination may be ascribed to an apparent
osmotic ‘dormancy’ developed under saline conditions, which

may represent an adaptive strategy to prevent germination
under stressful environment35. Such decrease in seed
germination and depression in seedling vigor (length of shoot
and root) under saline stress is attributed to the reduced ability
of water uptake or imbibitions, by hindering membrane or
cytosolic enzymes and perturbing hormone balances, followed
by limited hydrolysis of food reserves from storage tissues, as
well as due to impaired translocation of food reserves from
storage tissues to the developing embryo. The progressive
decrease in total chlorophyll content with rise in NaCl
concentration is probably due to the salt-induced weakening of
protein-pigment-lipid complex or increased chlorophyllase
activity or adverse effects on membrane stability36. Higher
H2O2 accumulation and increase in lipid peroxidation during
salt stress has been reported earlier, reducing membrane
fluidity and selectivity and resulting in significant decrease in
membrane stability index37. It is also known that the formation
of ROS enhances peroxidation at the cellular level, and that
the rate of such enhancement relates to plant species and the
severity of stress. The variations in MDA contents were found
in rice and cotton cultivars differing in salt tolerance38,39. In
our study, while the MDA level was enhanced more in the
leaves, the roots showed more notable increase in total
peroxide content, signifying salt-induced damages in a
concentration-dependent manner in the V. radiata seedlings.
The increase in Pro content particularly during drought and
salinity is quite common 40. A considerable increase was
observed in Pro levels during germination period in the
seedlings of P. vulgaris subjected to NaCl treatment41.
Increased amount of Pro is considered to be an indication of
salt tolerance because it can function either as an
osmoregulator at the cellular level or as a protector of certain
enzymes19,42, so as to stabilize the structure of macromolecules
and organelles. Pro accumulation also helps to conserve
nitrogenous compounds and protect plants against metal
stress. Increase in Pro content may be either due to de novo
synthesis or decreased degradation or both43. The synthesis of
Pro in larger quantities under heavy metal stress could be an
adaptive mechanism to regulate NAD+ to NADH + H+ ratio,
as the level of NADH (H+) increases due to suppression in
mitochondrial electron transport44. Pro accumulation in B.
juncea and wheat in response to Cd toxicity has also been
demonstrated earlier45. In the present investigation, Pro
content increased highly with the increasing concentration of
CdCl2 and NaCl, the increment was somewhat more in the
roots with both the stressors. The increased Pro supposedly
played important role in osmoregulation, protecting enzyme
denaturation and scavenging the increased peroxide content. A
large number of studies on different species indicated that salt
stress alters the amount and the activities of the enzymes
involved in ROS scavenging13,46. Various researchers have
reported increase in POX activity in salt-sensitive cultivars
under salt stress37. It is not clear whether this increase is due to
the increased activity of POX-encoding genes or increased
activity of already existing enzymes. Our results also showed
increased POX activity with increased NaCl concentrations,
being maximal at the highest concentration, with higher
activity registered in roots. The higher CAT activity in a
tolerant wheat genotype under increasing salinity stress
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signifies that it plays a potential antioxidative enzyme in
imparting salt tolerance47. Recently, an enhancement in CAT
activity under salt stress was reported in germinating seeds of
V. radiata, supporting our present observation on increased
CAT activity with rise in NaCl concentration48. The elevation
in the level of several antioxidants as a protective mechanism
during heavy metal stress is also reported12. Increased
activities of POX and CAT were reported earlier in tolerant
cultivars of wheat, maize, cucumber and soybean exposed to
Cd toxicity49. Likewise, in barley, a stimulation of POX and
CAT activities were recorded, which increased with both Cd
concentration in the medium as well as with time of
exposure50. In P. aureus, Cd increased the activities of
guaiacol POX and ascorbate POX, along with the detection of
new isozymes of POXs in both roots and leaves33. Our data
showed increase in both POX and CAT activity in the leaves
and roots of V. radiata seedlings with increase in CdCl2 levels.
However, while elevation of POX activity was much higher in
the roots, the CAT activity was more triggered in the leaves.
Considerable evidence showed that high POX activity is
correlated with the reduction of plant growth51. This might be
attributed to the fact that POX catalyses the ferulic acid
conversion to diferulic acid on polysaccharides, the
feruloylation of hemicelluloses or the insolubilization of
hydroxyproline-rich glycoproteins, causing cell wall
stiffening52. Notwithstanding the other physiological and
biochemical mechanisms involved, the observed decrease in
growth of V. radiata seedlings both under high NaCl and
CdCl2 levels in our experiment might be partly attributable to
stress-induced increases in POX activity. Additionally,
increased lipid peroxidation and peroxide content with higher
doses of CdCl2 and NaCl might also be correlated with
inadequate activities of POX and CAT to scavenge ROS,
helping the seedlings only to somehow sustain their
maintenance at the cost of their normal growth.

CONCLUSION
In this paper, we have made concentration-dependent study of
CdCl2 and NaCl stress on cell damages and defense
mechanism of V. radiata seedlings. Based on the changes
occurring in growth and physiological attributes, Vigna
provided an ideal system in our case for studying the effect of
Cd and salinity toxicity. The effects of Cd- and salt-damages
on the seedling survival and subsequent growth are complex,
which appear to involve mainly reduced photosynthesis due to
loss in chlorophyll content and enhanced lipid peroxidation.
Nevertheless, the findings of this study carry great
implications for accruing better Vigna stand in marginally Cdand salt-contaminated soil.

REFERENCES
1.
2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.

ACKNOWLEDGEMENTS

13.

Financial support from Science and Engineering Research
Board (SERB), Government of India through the research
grant (SR/FT/LS-65/2010) to Dr. Aryadeep Roychoudhury is
gratefully acknowledged. The authors thank Mr. Suvoprasad
Bhattacharya and Ms. Swagata Khan for their assistance in
generating the experimental data.

14.

Munns R. Comparative physiology of salt and water
stress. Plant Cell Environ., 2002; 25: 239-50.
Jaleel CA, Gopi R, Panneerselvam R. Alterations in
lipid peroxidation, electrolyte leakage, and proline
metabolism in Catharanthus roseus under treatment
with triadimefon, a systemic fungicide. Comptes
Rendus Biologies, 2007; 330: 905-12.
Munns R, Tester M. Mechanisms of salinity
tolerance. Ann. Rev. Plant Biol., 2008; 59: 651-81.
Benavides MP, Gallego SM, Tomaro ML. Cadmium
toxicity in plants. Braz. J. Plant Physiol., 2005; 17:
21-34.
Perfus–Barbeoch L, Leonhardt N, Vavasseur A,
Forestier C. Heavy metal toxicity: cadmium
permeates through calcium channels and disturbs the
plant water status. Plant J., 2002; 32: 539–48.
Demirevska–Kepova K, Simova–Stoilova
L,
Stoyanova Z, Feller U. Cadmium stress in barley:
growth, leaf pigment, and protein composition and
detoxification of reactive oxygen species. J. Plant
Nutr., 2006; 29: 451–68.
Pal M, Horvath E, Janda T, Paldi E, Szalai G.
Physiological changes and defence mechanisms
induce by cadmium stress in maize. J. Plant Nutr.
Soil Sci., 2006; 169: 239-46.
Zhang G, Fukami M, Sekimoto H. Influence of
cadmium on mineral concentrations and yield
components in wheat genotypes differing in Cd
tolerance at seedling stage. Field Crops Res., 2002;
77: 93-8.
Wu F, Wu H, Zhang G, Bachir DML. Differences in
growth and yield in response to cadmium toxicity in
cotton genotypes. J. Plant Nutr. Soil Sci., 2004; 167:
85-90.
Metwally A, Safronova VI, Bellimov AA, Dietz KJ.
Genotypic variation of the response to cadmium
toxicity in Pisum sativum L. J. Exp. Bot., 2005; 56:
167-78.
Roychoudhury A, Basu S, Sengupta DN.
Antioxidants and stress-related metabolites in the
seedlings of two indica rice varieties exposed to
cadmium chloride toxicity. Acta Physiol. Plant.,
2012; 34: 835–47.
Smeets K, Cypers A, Lamrechts A, Semane B, Hoet
P, Laere AV, et al. Induction of oxidative stress and
antioxidative mechanisms in Phaseolus vulgaris after
Cd application. Plant Physiol. Biochem., 2005; 43:
437-44.
Arulbalachandran D, Sankar Ganesh K, Subramani
A. Changes in metabolites and antioxidant enzyme
activity of three Vigna species induced by NaCl
stress. Am. Eurasian J. Agron., 2009; 2: 109-16.
Muneer S, Qadri TN, Siddiqi TO. Cytogenetic and
biochemical investigations to study the response of
Vigna radiata to cadmium stress. Afr. J. Plant Sci.,
2011; 5: 183-92.

Unique Journal of Pharmaceutical and Biological Sciences, 01(03), Nov-Dec 2013

19

Roychoudhury and Ghosh. UJPB 2013, 01 (03): Page 11-21
15. Rogers ME, Craig AD, Munns R, Colmer TD,
Nichols PGH, Malcolm CV, et al. The development
of fodder plants for the salt-affected areas of southern
and eastern Australia: an overview. Aust. J. Exp.
Agr., 2005; 45: 301- 29.
16. Alqurainy F. Response of bean and to green gram
vitamin C under salinity stress. Res. J. Agric. Biol.
Sci., 2007; 3: 714-22.
17. Maas EV. Crop salt tolerance. In: Agricultural
salinity Assessment and Management, American
Society of Civil Engineers, New York; 1990.
18. Ahmad S, Wahid A, Raul E, Wahid A. Comparative
morphological and physiological responses of green
gram genotypes to salinity applied at different growth
stages. Bot. Bull. Acad. Sin., 2005; 46: 135-42.
19. Roychoudhury A, Basu S, Sarkar SN, Sengupta DN.
Comparative physiological and molecular responses
of a common aromatic indica rice cultivar to high
salinity with non-aromatic indica rice cultivars. Plant
Cell Rep., 2008; 27: 1395–1410.
20. Arnon DI. Copper enzyme is isolated chloroplasts.
Polyphenol oxidase in Beta vulgaris. Plant Physiol.,
1949; 24: 1-15.
21. Fu J, Huang B. Involvement of antioxidants and lipid
peroxidation in the adaptation of two cool season
grasses to localized drought stress. Environ. Exp.
Bot., 2001; 45: 105-14.
22. Thurman RG, Ley HG, Scholz R. Hepatic
microsomal ethanol oxidation. Hydrogen peroxide
formation and the role of catalase. Eur. J. Biochem.,
1972; 25: 420–30.
23. Bates LS, Waldern RP, Teare ID. Rapid
determination of free proline for water-stress studies.
Plant Soil, 1973; 39: 205-7.
24. Chance B, Maehly AC. Assay of catalases and
peroxidases. Methods Enzymol., 1955; 2: 764-817.
25. Casper T, Laccoppe J. The effect of CCC and AMO1618 on growth, catalase, peroxidase, IAA oxidase
activity of young barley seedlings. Physiol. Plant.,
1968; 21: 1104-9.
26. Chugh LK, Sawhney SK. Effect of cadmium on
germination, amylases and rate of respiration of
germinating pea seeds. Environ. Pollut., 1996; 92: 15.
27. Kalita MC, Devi P, Bhattacharya I. Effect of
cadmium on seed germination, early seedling growth
and chlorophyll content of Triticum aestivum. Indian
J. Plant Physiol., 1993; 36: 189-90.
28. Zaman MS, Zereen F. Growth responses to radish
plants to soil cadmium and lead contamination. Bull.
Environ. Contam. Toxicol., 1998; 61: 44-50.
29. Qadir S, Qureshi MI, Javed S, Abidin MZ. Genotypic
variation in phytoremediation potential of Brassica
juncea cultivars exposed to Cd stress. Plant Sci.,
2004; 167: 1171-81.
30. Mobin M, Khan NA. Photosynthetic activity,
pigment composition and antioxidative response of
two mustard (Brassica juncea) cultivars differing in

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

photosynthetic capacity subjected to cadmium stress.
J. Plant Physiol., 2007; 164: 601-10.
Kumari MM, Sinhal VK, Srivastava A, Singh VP.
Zinc alleviates cadmium induced toxicity in Vigna
radiata (L.) Wilczek. J. Phytol., 2011; 3: 43-6.
Cho UH, Seo NH. Oxidative stress in Arabidopsis
thaliana exposed to cadmium is due to hydrogen
peroxide accumulation. Plant Sci., 2005; 168: 11320.
Chaoui A, Mazhoudi S, Ghorbal MH, El Ferjani E.
Cadmium and zinc induction of lipid peroxidation
and effects on antioxidant enzyme activities in bean
(Phaseolus vulgaris L. ). Plant Sci., 1997; 127: 13947.
Lozano Rodriguez E, Hernandez LE, Bonay P,
Carpena-Ruiz RO. Distribution of Cd in shoot and
root tissues of maize and pea plants: physiological
disturbances. J. Exp. Bot., 1997; 48: 123-8.
Patanea C, Cavallaroa V, Cosentinob SL.
Germination and radicle growth in unprimed and
primed seeds of sweet sorghum as affected by
reduced water potential in NaCl at different
temperatures. Ind. Crop Prod., 2009; 30: 1-8.
Hajer AS, Malibari AA, Al-Zahrani HS, Almaghrabi
OA. Responses of three tomato cultivars to sea water
salinity. 1. Effect of salinity on the seedling growth.
Afr. J. Biotech., 2006; 5: 855-61.
Dionisio-Sese M, Tobita S. Antioxidant responses of
rice seedlings to salinity stress. Plant Sci., 1998; 135:
1-9.
Diego AM, Marco AO, Carlos AM, Jose C.
Photosynthesis and activity of superoxide dismutase
peroxidase and glutathione reductase in cotton under
salt stress. Environ. Exp. Bot., 2003; 49: 69-76.
Tijen D, Ismail T. Comparative lipid peroxidation,
antioxidant defense systems and proline content in
roots of two rice cultivars differing in salt tolerance.
Environ. Exp. Bot., 2005; 53: 247-57.
Ahmad P, John R, Sarwat M, Umar S. Responses of
proline, lipid peroxidation and antioxidative enzymes
in two varieties of Pisum sativum L. under salt stress.
Int. J. Plant Prod., 2008; 2: 353-66.
Fattah RI. Osmolytes-antioxidant behaviour in
Phaseolus vulgaris and Hordeum vulgare with
brassinosteroid under salt stress. Am. Eurasian J.
Agri. Environ. Sci., 2007; 2: 639-47.
Kavi Kishor PB, Hong Z, Miao GH, Hu CAA, Verma
DPS. Overexpression of D1-Pyroline-5-carboxylate
synthetase increases proline production and confers
osmotolerance in transgenic plants. Plant Physiol.,
1995; 108: 1387-94.
Kasai Y, Kato M, Aoyama J, Hyodo H. Ethylene
production and increase in 1-aminocyclopropane-1carboxylate oxidase activity during senescence of
broccoli florets. Acta Hortic., 1998; 464: 153-7.
Alia, Pardha Saradhi P. Proline accumulation under
heavy metal stress. J. Plant Physiol., 1991; 138: 554–
8.

Unique Journal of Pharmaceutical and Biological Sciences, 01(03), Nov-Dec 2013

20

Roychoudhury and Ghosh. UJPB 2013, 01 (03): Page 11-21
45. Dhir B, Sharmila P, Saradhi PP. Hydrophytes lack
potential to exhibit cadmium stress induced
enhancement in lipid peroxidation and accumulation
of proline. Aquat. Toxicol., 2004; 66: 141-7.
46. Rahman MU, Soomro UA, Zahra-ul-Haq M, Gul S.
Effects of NaCl salinity on wheat (Triticum aestivum
L.) cultivars. World J. Agric. Sci., 2008; 4: 398-403.
47. Sairam RK, Veerabhadra Rao K, Srivastava GC.
Differential response of wheat genotypes to long term
salinity stress in relation to oxidative stress,
antioxidant activity and osmolyte concentration.
Plant Sci., 2002; 163: 1037-46.
48. Saraf N. Enhancement of catalase activity under salt
stress in germinating seeds of Vigna radiata. Asian J.
Biomed. Pharmaceut. Sci., 2013; 3: 6-8.

49. Yang JR, He JQ, Jiang WR. Effect of Cd pollution on
the physiology and biochemistry of plant. Agro.
Environ. Prot., 1995; 14: 193-7.
50. Wu FB, Zhang GP, Dominy P. Four barley genotypes
respond differently to cadmium: lipid peroxidation
and activities of antioxidant capacity. Environ. Exp.
Bot., 2003; 50: 67-78.
51. Lee TM, Lin YH. Changes in soluble and cell wall
bound peroxidase activities with growth in anoxiatreated rice (Oryza sativa L.) coleoptiles and roots.
Plant Sci., 1995; 106: 1–7.
52. Kutschera U, Hoss R, Frohlich M, Hoson T. Analysis
of the growth response of air-grown rice coleoptiles
to submergence. Bot. Acta, 1993; 106: 164–9.

Source of support: Nil, Conflict of interest: None Declared

Unique Journal of Pharmaceutical and Biological Sciences, 01(03), Nov-Dec 2013

21

