
 Volume  Issue 1

LR-4820
[1-5]

 RESEARCH ARTICLE                                                                                     Legume Research- An International Journal, Volume   Issue : ()

Assessment of Physiological and Biochemical Traits of Ricebean
[Vigna umbellata (Thunb.) Ohwi and Ohashi] Seedling in
Response to Equimolar Concentration of Copper and Lead Stress
Kousik Atta1, Apurba Pal2, Snehashis Karmakar1, Debjani Dutta1, Kalyan Jana3, Anjan Kumar Pal1      10.18805/LR-4820

ABSTRACT
Background: Heavy metal stress has an adverse effect on crop growth and productivity. The present experiment was undertaken to
study the physiological and biochemical effects of two heavy metals, viz., copper and lead, at their equimolar concentrations, on
seedling growth of ricebean [Vigna umbellata (Thunb.) Ohwi and Ohashi] cv. Bidhan 1.
Methods: The seedlings grown in sand culture were subjected to 50, 100 and 200 µM of Cu and Pb . The experiment was done in the
laboratory of Department of Plant Physiology, Bidhan Chandra Krishi Viswavidyalaya (BCKV), Mohanpur, Nadia, West Bengal in the
year 2017-18 and 2018-19.
Result: The total dry weight, chlorophyll, relative water as well as proline content in leaf significantly decreased in most of the cases
of metal stress, but the lipid peroxidation increased. The mild and medium stress induced substantial increase in the activities of APX,
GPOX and SOD. In general, lead was found to be more detrimental in comparison to copper.
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INTRODUCTION
The exposure of plants to cytotoxic levels of heavy metals
triggers a range of physiological and metabolic alterations.
The most widespread visual proof of significant heavy metal
toxicity could be a reduction in plant growth, leaf chlorosis,
necrosis, turgor loss, seed germination rate and a crippled
photosynthetic apparatus, which consequently promote PCD
and accelerate plant death (Dalcarso et al., 2010, Pireh
et al., 2016).

Lead (Pb) is ubiquitously distributed and most abundant
toxic components in the soil. It exerts adverse impact on
plant morphology, germination behaviour and growth pattern
as well as photosynthetic processes by hampering the
activity of carboxylating enzymes (Stiborova et al., 1987).
Lead in high concentration causes inhibition enzyme
activities, alteration in membrane permeability, water
imbalance and disturbance in mineral nutrition and
enhances lipid peroxidation, oxidative stress and DNA
damage (Saleem et al., 2021). Copper (Cu), an important
component of cytochrome oxidase of respiratory electron
transport chain and plastocyanin of photosynthetic system,
plays significant role in ATP synthesis and CO2 assimilation
(Gang et al., 2013). High amount of Cu in soil causes
cytotoxicity, which results in leaf chlorosis, plant growth
retardation and generation of oxidative stress (Lewis
et al., 2001).

Ricebean [Vigna umbellata (Thunb.) Ohwi and Ohashi]
a potential under-utilized leguminous crop, has wider
adaptability, along with its inherent tolerance to several
biotic and abiotic stresses. Limited research works so far
has been conducted in response to abiotic stress in
ricebean (Rai, 2013; Pal et al. 2009; Atta et al. 2020; Atta

et al. 2021; Subrahmanyam, 1998). However, information
on its ability to tolerate heavy metal stress is very limited
(Chhetri et a l. 2004). The present experiment was
envisaged to study the effect of equimolar concentration
of copper and lead on physiological and biochemical traits
of ricebean seedling.

MATERIALS AND METHODS
Plant material
The experiment was conducted on ricebean [Vigna
umbellata (Thunb) Ohwi and Ohashi] cv. Bidhan 1. Seeds
were collected from AICRP on Forage Crops, Kalyani
Centre.
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Experimental site
The experiment was done in the laboratory of Department
of Plant Physiology, Bidhan Chandra Krishi Viswavidyalaya
(BCKV), Mohanpur, Nadia, West Bengal in the year 2017-
18 and 2018-19.

Plant culture
The experiment was conducted in sand culture using
modified Hoagland solution (Epstein, 1972) maintained at
pH 6.5 under diffused light, at around 80±1% relative
humidity (R.H.) and at a temperature of 28±1C. The pre-
germinated seeds of ricebean cultivar Bidhan 1 were placed
in plastic beakers of capacity one litre containing neutral
sand supplemented with the nutrient solution. Fresh solution
was added at three days’ interval for the experimental period.
In each beaker five seedlings were maintained in each case.

Treatment application
Fourteen days old seedlings were subjected to lead (Pb)
and copper (Cu) stress supplemented in the form of CuSO4.
5H2O and Pb(NO3)2 respectively, with the concentrations of
50, 100 and 200 µM in each case. A control set containing
only the nutrient solution was used for comparison of data.
Observations on different growth and biochemical
parameters were recorded after nine days of treatment
(DAT).

Biochemical estimation
The chlorophyll content in the leaf was estimated as per
Arnon (1949) using 80% acetone for extraction.

The proline content in leaf was estimated using the
method of Mohanty and Sridhar (1982). The absorbance
was recorded at 520 nm.

RLWC was estimated in leaves as per Perez et al.
(2002) and was expressed as:

The lipid peroxidation was determined following the
protocol of Heath and Packer (1968). The TBARS content
was calculated using its extinction coefficient of 155 mM-1

cm-1 at a wavelength of 532 nm.
The activity of ascorbate peroxidase (APX) enzyme in

the leaves was calculated as per Nakano and Asada (1981).
The activity was finally calculated using the extinction
coefficient (2.8 mM-1 cm-1 at 290 nm) for ascorbate.

The determination of the activity of guaiacol peroxidase
(GPOX) activity was calculated as per Siegel and Galston
(1967) and was expressed as the increase in absorbance
at 470 nm.

The activity of superoxide dismutase (SOD) was
estimated as per the method of Giannopolitis and Ries
(1977). One unit of SOD activity caused 50% inhibition of
the initial rate of reaction in absence of enzyme.

For the determination of the activity of catalase (CAT),
the method described by Cakmak et al. (1993) was followed
and the decrease in absorbance at 240 nm for 1 minute
was recorded using the extinction coefficient (40 mM-1 cm-1)
for H2O2.

Statistical analysis
The mean data was analysed following completely
randomized block design using the software SPSS, version
24.0. The comparison of mean values was performed using
DMRT.

RESULTS AND DISCUSSION
The analysis of variance showed significant differences
among the treatments for all the characters under study
(Table 1). The total dry weight of the seedling decreased
under both the metal treatments, except for Cu 50µM (Table 2)
where the seedling dry weight remained at par with the
unstressed control. However, the extent of decrease was
more as the molar concentration of the metals increased in
the growing medium. Such decrease can be attributed to
the decrease in number of cells and reduction in the
elongation rate of developing root and shoot. However, lead,
in general, was found to be more detrimental for seedling
growth in comparison to copper as it was also reported
earlier by Ilic et al. (2015) and Monalisa et al. (2017). In the
present study, the highest intensity (200 µM) of copper and
lead stress led to a reduction of seedling dry weight by
32.50% and 52.50%, respectively over that of unstressed
control.

Heavy metals at higher concentration decrease the leaf
chlorophyll content (Thapar et al. 2008). Copper-induced
chlorosis may result from the inhibition of biosynthesis and
damage in chlorophyll structure (Kupper et al. 2003). In
general, the total chlorophyll content of leaf in the present
experiment decreased (Table 2) under both the metal
treatments, except for copper at 50 µM where, it recorded
5.60% increase over control. Copper, being an essential
element for plant, might attribute for higher rate of pigment
biosynthesis at lower concentration. In contrast, lead caused
reduction in leaf chlorophyll with the effect being more drastic
as compared to corresponding concentrations of copper.
This decrease in pigment content under Pb stress, might
lead to subsequent reduction in photosynthetic capacity
(Zhou et al. 2018). The highest intensity of copper and lead

RLWC (%) =
FW  DW
FW  DW

× 100

Table 1: Analysis of variance (mean squares) for different parameters in ricebean cv. Bidhan 1 in heavy metal treatments.

Sources of
df

Total dry
Chlorophyll Proline RLWC

Lipid
APX GPOX SOD Catalase

variation weight peroxidation

Treatments 6 0.00018** 0.3051* 36054.73*** 401.40*** 2160.05*** 0.5702*** 11927.08*** 47.128*** 0.090***
Error 14 0.00003 0.0844 128.889 18.990 54.090 0.0057 52.750 5.250 0.005

* = p  0.05; ** = p  0.01 *** = p  0.001.
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Table 2: Effect of heavy metal stress on seedling growth and biochemical parameters in ricebean cv. Bidhan 1.

Treatments Total dry weight (gm) ChlorophyllI ProlineII RLWC(%) Lipid peroxidationIII

Control 0.040a 2.77ab 789.13c 87.62a 94.38d

Cu  50 µM 0.040a (±0.00) 2.92a (+5.60) 821.06b (+4.05) 81.05ab (-7.50) 102.46d (+8.56)
Cu  100 µM 0.033ab (-17.50) 2.42abc (-12.39) 658.84e (-18.78) 73.52bc (-16.09) 122.64c (+29.95)
Cu  200 µM 0.027bc (-32.50) 2.13c (-22.93) 640.96e (-16.51) 52.43e (-40.17) 144.85b (+53.48)
Pb  50 µM 0.030ab (-25.00) 2.61abc (-5.46) 875.99a (+11.01) 75.31b (-14.05) 118.35c (+25.40)
Pb 100 µM 0.029b (-27.50) 2.26bc (-18.25) 684.39d (-13.27) 66.35cd (-24.27) 151.92b (+60.96)
Pb  200 µM 0.019c (-52.50) 2.10c (-24.17) 573.26f (-27.36) 64.94d (-25.88) 167.56a (+77.54)
IData expressed as mg gm-1 fresh weight.
IIData expressed as µM g-1 fresh weight.
IIIData expressed as µM of TBARS content g-1 fresh weight.
Values with different letters are significantly different at 5% level of significance.
*Data in parentheses indicate percentage increase (+) or decrease (-) over control.

stress led to a reduction in total chlorophyll content by
22.93% and 24.17%, respectively, over that of unstressed
control.

Proline, under abiotic stress acts as a compatible solute,
osmo-protectant, free radical scavenger, as well as
antioxidant (Zhang et al. 2008; Hayat et al. 2012). However,
different abiotic stresses may have varying effects on leaf
proline depending upon the intensity of stress. In the present
experiment, the leaf proline content decreased under
moderate to high concentrations of both the metals with the
effects being more as the molar concentration increased
(Table 2). On the contrary, mild metal stress (50 µM) induced
increase in leaf proline over that of control indicating an
attempt of the plant to combat dehydration shock. However,
lead, at its highest concentration, was found to be more
detrimental for proline content in comparison with copper
for this variety of ricebean, a finding corroborating the early
observation of (Ilic et al. 2015). The leaves recorded 16.51%
and 27.36% decrease in proline content at an equimolar
concentration (200 µM) of copper and lead stress,
respectively, over that of control.

The relative leaf water content (RLWC) is one of the
reliable parameters to know the water status in plants. The
RLWC in the present experiment also decreased under both

the metal treatments with the effects being more as the molar
concentration increased (Table 2). The observed decrease
in RLWC under metal stress might be a consequence of
impairment of root growth resulting from mitotic disturbance.
The RLWC registered more adverse effects of copper stress
in comparison with lead stress at the highest concentration,
although a reverse trend was noted at the lower levels.
Excessive concentration of copper generally causes low
biomass accumulation, chlorosis, inhibition of growth and
photosynthesis, altered water balance and nutrient
assimilation and senescence, which ultimately lead to death
(Ozdener and Kutbay 2009; Ling and Jun 2010).

The extent of leaf membrane damage was measured
by determining the level of lipid peroxidation which in turn,
was estimated as the content of thiobarbituric acid reactive
substances (TBARS). The increased values (Table 2) of
TBARS under copper and lead toxicity indicated enhanced
generation of free radicals under metal toxicity in the present
experiment. It might be further noted that the lead stress
was found to be more damaging for leaf membrane than
copper stress at all concentrations. The increased level of
TBARS indicated the enhanced production and
accumulation of reactive oxygen species (ROS) due to Pb
toxicity (Thakur et al. 2017; Vasavi et al. 2012). The variety

Table 3: Effect of heavy metal stress on anti-oxidative enzyme activities in the leaves of ricebean cv. Bidhan 1.

Treatments APXIV GPOXV SODVI CATVII

Control 0.49cd 169.20e 6.08cd 1.55bc

Cu  50 µM 1.36a (+177.55) 340.20a (+101.06) 16.33a (+168.59) 1.80a (+16.13)
Cu  100 µM 1.06b (+116.33) 208.20d (+23.05) 12.82ab (+110.86) 1.90a (+22.58)
Cu  200 µM 0.50c (+2.04) 200.60d (+18.56) 10.29bc (+69.24) 1.49cd (-3.87)
Pb  50 µM 0.99b (+102.04) 284.20b (+67.97) 10.13bc (+66.61) 1.65b (+6.45)
Pb 100 µM 0.36d (-26.53) 239.40c (+41.49) 8.76bcd (+44.08) 1.60bc (+3.23)
Pb  200 µM 0.16e (-67.35) 169.60e (+0.24) 4.58d (-24.67) 1.40d (-9.68)
IVData expressed as Unit min-1 g-1 fresh weight.
VData expressed as A470 min-1 g-1 fresh weight.
VIData expressed as Unit min-1 g-1 fresh weight.
VIIData expressed as Unit min-1 g-1 fresh weight.
Values with different letters significantly different at 5% level of significance.
*Data in parentheses indicate percentage increase (+) or decrease (-) over control.
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Bidhan-1 recorded a 53.48% and 77.54% increase in lipid
peroxidation over control at the highest concentration of
copper and lead respectively.

For protection against ROS, plant cells contain both
enzymatic and non-enzymatic components. Out of the
enzymatic components, superoxide dismutase (SOD),
catalase (CAT), ascorbate peroxidase (APX) and guaiacol
peroxidase (GPOX) are found to be very important (Atta et al.,
2021b). The leaf APX activity showed the same pattern of
change in copper and lead stress, a remarkable
enhancement over control under mild stress followed by a
decreasing trend as the intensity of stress increased (Table 3).
The higher doses of lead caused decrease in the activity of
this enzyme over that of control. High amount of copper Cu
caused oxidative damage and induced anti-oxidative
defence by enhancing activities of ascorbate peroxidase (Ali
et al., 2006).) However, lead, in general, was found to be
more detrimental for APX activity in comparison with copper
for this variety of ricebean as was also observed in other
crops (Singh et al., 2011, Ilic et al., 2015).

Like APX, the GPOX activity also revealed the same
trend (Table 3) under both the metal treatments where the
mild and medium stress-induced much higher activity which
then decreased somewhat as the stress increased. Earlier
Wang et al. (2004) reported alleviation of oxidative damage
under copper stress by enzymatic system involving GPOX,
SOD, CAT and APX. Whereas lower induction of GPOX
under lead stress as compared to copper was noted earlier
by Singh et al. (2011) and Ilic et al. (2015). In the present
experiment, the variety Bidhan 1 recorded 18.56% increase
in the content of leaf GPOX activity under copper toxicity at
200 ìM concentration and there was almost no change under
lead stress as compared to that of control.

The leaf SOD activity increased significantly under both
the metal treatments at all concentrations except for Pb 200
μM which registered 24.67% decrease over control (Table 3).
From the present study, it was found that SOD recorded
much higher activity under all concentrations of Cu than
Pb. This was expected for copper as this metal, by itself, is
a cofactor of SOD. In case of Pb stress a significant increase
in the SOD activity than control was seen for low and medium
concentration but at the highest concentration of Pb it
decreased. The observed increase in SOD activity under
lead stress might be a consequence of upregulation via an
increase in levels of O2- (Chongpraditnum et al. 1992).

The leaf CAT activity registered a sigmoidal pattern of
change under varying concentrations of Cu, an increase
over control under 50 μM, reaching the peak at 100 mM
followed by a decline (3.87%) at the highest concentration
of Cu (Table 3). In contrast, the enzyme showed a decreasing
trend concomitant with a rise in the concentration of lead
with the highest concentration registering 9.68% decrease
in enzyme activity. However, such decrease in the activity
of antioxidative enzymes along with the rise in heavy metal
concentration might be caused by either the direct action of
ROS on the enzymatic proteins or on the inhibition of protein
synthesis (Mazhoudi et al. 1997).

CONCLUSION
In the present experiment, the seedlings of ricebean cv.
Bidhan 1 mostly showed reduction in biomass,
photosynthetic pigment as well as relative water and proline
content in leaf, whereas the leaf membrane injury increased
under different concentrations of lead and copper. Under
such stresses the seedlings were found to induce their own
antioxidant defence system to reduce the harmful effects of
oxidative stress. From the present study, it can be concluded
that the lead stress was found to register more drastic effects
on different physiological and biochemical parameters of
the seedling as compared to copper.
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