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Abstract: Ultraviolet radiation (UV) though harmful but is an important and unavoidable component of terrestrial ecosystem to which plants
have been exposed since their migration from aquatic to land habitat. Incoming UV-B radiation and heavy metals abundance in contaminated
soils are significant environmental threat affecting metabolic functions of plants through generation of reactive oxygen species. Plants have
evolved mechanisms to counteract these reactive radicals and to repair the damage caused by UV-B and heavy metals. This study
describes the impact of supplemental UV-B (sUV-B) and nickel (Ni) singly and in combination on photosynthetic pigments, flavonoids,
enzymatic and non-enzymatic antioxidants, metabolites and lipid peroxidation of Pisum sativum L. (pea) plants. Compared to the controls,
both the stresses individually and in combination led to reductions in photosynthetic pigments, ascorbic acid, protein and catalase (CAT)
activity, whereas a reverse trend was observed for flavonoids, phenol, proline and thiol contents, superoxide dismutase (SOD) and
peroxidase (POX) activities and lipid peroxidation (LPO). However, flavonoids increased significantly under individual exposure of sUV-B
as compared to other treatments. An increase of LPO by 81% indicated the generation of reactive oxygen species under both the stress
conditions. sUV-B and Ni in combination acted synergistically with stimulation of CAT activity by 51.6% , additively on SOD activity with
increase of 16.4%, while other parameters showed antagonistic action of both the stresses.
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Introduction
Ultraviolet-B (UV-B) radiation (280-315 nm) influences
various biological processes, and is strongly absorbed by
stratospheric ozone. Reductions in stratospheric ozone because of
anthropogenic activities are therefore important as it leads to
corresponding increase in UV-B radiation reaching the Earth’s
surface (Yogamoorthi, 2007). It has been predicted that UV-B will
continue to increase till 2050 (Weatherhead et al., 2005). Numerous
studies have been done on different plants to evaluate the direct
and indirect effects of supplemental and ambient UV-B radiation and
showed that they can affect plant growth and metabolism with
morphological, physiological and biochemical changes and
modification in biomass production and reproductive processes
(Krywult et al., 2008). The effect of UV-B on plants was different not
only to species level but also among the cultivars of the same
species (Agrawal et al., 2006).

Many plants are quite resistant to UV-B and possess a
number of protection mechanisms by either accumulating flavonoids
or related UV absorbing compounds in the leaf epidermis or other
UV screening mechanisms working as selective UV-B filters
(Schmelzer et al., 1998). Other mechanisms are enzymatic and
non-enzymatic antioxidative defense systems to cope with reactive
oxygen species (ROS) toxicity developed due to UV-B radiation.
Cellular UV-B chromophores such as aromatic amino acids, NADPH
and phenolic compounds could be activated by the absorption of
UV-B light which reacts with oxygen to form singlet molecular oxygen
*
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and superoxide radicals (Caldwell et al., 1995). Plants metabolize
ROS by invoking the antioxidant defense system of low molecular
weight antioxidants such as ascorbate, glutathione, α-tocopherol
and carotenoids (Alscher and Hess, 1993) as well as enzymes
such as superoxide dismutase, catalase, peroxidase and glutathione
reductase (Bowler et al., 1992).The accumulation of proline is well
documented in plant cells against various stresses (Mishra and
Agrawal, 2006).
Heavy metal contamination has become a wide spread
problem world over (Sharma and Agrawal, 2005). Metal pollution
is continuously increasing and the main cause is the anthropogenic
activities which interferes with the environment activities and makes
condition hazardous for living organism (Singh et al., 2007). Excess
concentrations of some heavy metals in soils such as Cd (II), Cr
(IV), Ni (II) and Zn (II) have caused disruption of natural aquatic
and terrestrial ecosystems (Meagher, 2000). Toxic effects of Ni on
plant growth and photosynthesis have been reported in higher
plants as well as in algae (Sheoran et al., 1990). Higher
concentrations of Ni are responsible for reductions in Hill activity
and oxygen evolution (Singh and Singh, 1987), and impairment of
PSII activity by modifying QB site of electron transport chain (Mohanty
et al., 1989). Rai et al. (1998) have suggested that UV-B may affect
heavy metals uptake by altered membrane permeability in
cyanobacteria as a result of peroxidation of membrane lipids in UVB exposed cells.
The assessment of multiple environmental effects on plants
is therefore important in obtaining more meaningful and realistic
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Materials and Methods
The pot experiment was carried out at Agricultural farm of
Allahabad Agricultural Institute, Allahabad situated at 24o 97’N
latitude, 82o 21’E longitude and 96 m altitude in the eastern Gangetic
plains of India. During the experimental period, the mean
temperature ranged from 12.9-32.6 oC and relative humidity was
59.8-68.4% and PAR ranged between 1100-1200 µmol m-2 s-1.

Random samples of plants were taken in triplicate from
respective treatments at 15, 30 and 45 days after sowing (days) for
various analyses. Chlorophyll and carotenoids were extracted from
the leaf disc with 80% acetone and quantified according to the
methods given by Machlachan and Zalik (1963) and Duxbury and
Yentsch (1956), respectively. Flavonoid content was determined
by the method described by Flint et al. (1985). For protein extraction,
fresh leaves were homogenized in tris buffer (0.1 M) followed by
mixing of TCA (10%) and then dissolved into 0.1 N NaOH.
Estimation of protein was done by the method of Lowry et al. (1951).
For ascorbic acid, leaf samples were homogenized in oxalic acid
and NaEDTA extraction solution. For developing colour, 2,
6-dichlorophenol-indophenol dye was used and the absorbance
was taken at 520 nm. Ascorbic acid content was quantified using the
method of Keller and Schwager (1977). Phenol content was
estimated by homogenizing the leaf sample in acetone and then
using Folin-ciocalteu reagent and Na2CO3 (Bray and Thorpe,
1954). For thiol determination, 100 mg of leaf sample was
homogenized with 80% v/v ethanol and boiled for 15 min. Amount
of 1ml Ellman’s reagent (DTNB) was added and allowed to react for
5 min with thiol in plant extract. From the extract, thiol content was
determined by taking the absorbance at 412 nm by using the method
of Fahey et al. (1978). Determination of proline was performed by
ninhydrin test as described by Bates et al. (1973).

Co

Pea (Pisum sativum L. cv Arkel), chosen for the
experimental work is an excellent and cheap source of high quality
protein (25%). Pea is consumed as whole grain as well as pulse in
a variety of ways. It is also a green manuring crop. Being a
leguminous crop, it has the capacity to fix atmospheric nitrogen.
After harvesting the pods, green plants are uprooted or cut from
ground level and chopped into small pieces to feed the cattles.

The plants beneath cellulose diacetate film received UVBBE (ambient
+7.1KJm-2 d-1) that mimicked 20% reduction in stratospheric O3 at
Allahabad during clear sky condition (Green et al., 1980) normalized
at 300 mm, the albedo 0 and the scatter 1.0.
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evaluation of current changes in the environment. However,
only few studies have been made so far to study the interaction
of sUV-B and heavy metals on terrestrial vascular plants. Therefore,
the objective of this study was to assess some important biochemical
changes including enzymatic and non-enzymatic antioxidants in
pea (Pisum sativum cv Arkel) in response to supplemental UV-B
(sUV-B) and Ni applied individually or in combination.
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The soil was prepared at one time by mixing farmyard
manure in accordance to normal agronomic practices to avoid any
changes in edaphic conditions. The recommended doses of nitrogen
in form of urea, phosphorus as single super phosphate and potassium
as muriate of potash were mixed at rates of 44.8, 56 and 56 kg ha-1,
respectively. Earthern pot of 14 inch diameter was filled with 8 kg of
soil. For studying the effect of heavy metal, Ni was applied at the
rate of 68 µmol kg-1 soil as NiCl2 in 32 pots. The concentration of Ni
selected for the experiment falls within Indian standards for heavy
metals in soil (Awasthi, 2000). Sixteen pots kept without heavy
metal amendment in soil served as controls. Sixteen pots of each
treatment (heavy metal and without heavy metal) were randomly
selected for sUV-B exposure. All pots were watered uniformly
throughout the experiment period in order to maintain constant soil
moisture. sUV-B was artificially provided by Q-panel UV-B 313
40W fluorescent lamps (Q panel Inc., Cleveland, OH, USA). Three
lamps (120 cm long each) per bank were fitted at 30 cm distance
apart from steel frame and were suspended perpendicular to the
planted rows of each treatment. The lamps were covered by either
0.13 mm cellulose diacetate filter (transmission down to 280 nm) for
sUV-B radiation or 0.13 mm polyester filters (absorbed radiation
below 320 nm) for the control to provide ambient levels of UV-B.
Lamps in frames were adjusted weekly to a distance of 30 cm to
provide a mean supplemental UV-B (+7.1 KJ m-2 d-1) for 3 h daily
over the middle of photoperiod.

The intensity of UV-B at plant apices under the lamps was
measured with an ultraviolet intensity meter (UVP Inc. San. Gabriel,
(A), USA). Plants under polyester filter lamps received only ambient
UV-B (8.6 KJ m-2 d-1 UVBBE) on the summer solstice weighted against
generalized plant response action spectrum of Caldwell (1971).
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Peroxidase (POX: EC 1.11.1.7) and catalase (CAT: EC
1.11.1.6) were extracted by homogenizing 100 mg fresh leaves at
4oC in 100 mM cold phosphate buffer (pH 7.0) containing 5mM
cysteine, while superoxide dismutase (SOD: 1.15.1.1) was isolated
in 100 mM EDTA-phosphate buffer (pH 7.8). For POX activity,
enzyme extract was incubated for 5 min at 25oC with 125 mM
phosphate buffer (pH 7.0), 50 µM H2O2. After 5 min. reaction was
terminated by adding 0.5 ml of 5% H2SO4. The extraction of
purpurogallin was carried out by adding diethyl ether and the amount
was determined by taking absorbance at 430 nm with extraction
coefficient of 2.47 by using the method of Britton and Mehley (1955).
CAT activity was quantified by H2O2 decomposition. For this enzyme
extract was incubated in 300 mM phosphate buffer and 100 µM
H2O2 for 1 min at 25oC. Residual H2O2 was calculated by titration of
reaction mixture against 0.02 N KMnO4 following the method of Kar
and Mishra (1976). SOD activity was assayed at 25oC according to
the method of Giannopolitis and Ries (1977) using the reaction
mixture containing 0.5 ml each of 3 µM riboflavin, 13µM methionine,
63 µM NBT, 0.05 M sodium carbonate, 0.9 ml of distilled water and
0.1 ml of enzyme extract incubated for 10 min at 25oC under
illumination from fluorescent lamp. The increase in SOD activity was
determined spectrophotometrically at 560 nm. Lipid peroxidation
(LPO) in the leaf tissues was determined in terms of malondialdehyde
(MDA) content by thiobarbituric acid (TBA) reaction as described
by Heath and Packer (1968).
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Table - 1: F-ratios and levels of significance of two-way ANOVA test for
various parameters of Pisum sativum L. plants
Parameters

Age (A)

Treatment (T)

A×T

Results and Discussion
Total chlorophyll and carotenoid contents decreased in all
treated plants at all the ages as compared to the control, but increased
with increasing age of plants (Fig. 1). ANOVA test showed that age
and treatment significantly affected total chlorophyll and carotenoid
contents (Table 1). Interactive effects of both the stresses showed
antagonistic effect on chlorophyll. Reductions in total chlorophyll
and carotenoid contents were 12.7 and 7.6%, 12.1 and 7.1%,
13.8 and 9.7% in treatments of sUV-B, Ni and sUV-B+ Ni, respectively
when compared to their controls at 45 days (Fig. 1). Changes in the
relative amount of photosynthetic pigments reflect the changes in the
photosynthetic machinery. Ni and sUV-B induced reductions in
chlorophyll content may be ascribed to inhibition of chlorophyll
biosynthesis by inhibiting δ-aminolevulunic acid dehydrogenase
and protochlorophyllide reductase activities, and breakdown of
pigments or their precursors by heavy metal (Ouzounidou, 1995).
UV-B alters mRNA turnover of the chlorophyll a/b binding proteins
resulting in reduced chlorophyll content. Agrawal and Rathore
(2007) also reported adverse effects of sUV-B on chlorophyll content
in various cultivars of wheat and mungbean. Ni replaces central Mg
from chlorophyll molecules (Kupper et al., 1996). Carotenoids protect
chlorophyll from photooxidative destruction (Middleton and
Teramura, 1993) and therefore reduction in carotenoids could have
serious consequence on chlorophyll pigments. Study of Barsig and
Malz (2000) showed stability of carotenoid configuration after UV-B
exposure of sugarcane and maize leaves. Panda and Khan (2003)
also reported a sharp decrease in carotenoid content in rice under
heavy metal treatment.

Total Chlorophyll
Carotenoids
Protein
Ascorbic Acid
Phenol
Thiol
Proline
SOD
POX
CAT
LPO

56.1***
15.3***
171.2***
101.4***
157.7***
32.3***
235.1***
19.8***
6.4**
7858.1***
99.1***

3.2*
1.4ns
16.1***
4.5*
35.1***
10.1***
53.2***
2.4ns
7.6***
7404.9***
28.3***

0.209ns
0.107ns
1.6ns
0.713ns
0.904ns
0.708ns
1.9ns
0.042ns
0.056ns
6260.1***
2.6*
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Effects of factors sUV-B, Ni, plant age and their interactions
were determined by conducting three way analysis of variance test
by using SPSS software (SPSS Inc., version 10.0).

2.0

On

Absorption profile of flavonoids showed decline under
individual treatment of Ni as well as its combined treatment with sUV-B
(Fig. 2). However, flavonoids increased significantly under sUV-B
treatment with maximum increase at wavelength of 310 nm. ANOVA
test showed significant variations in flavonoid content due to plant
age and sUV-B and their combination at all wavelengths (Table 2).
Accumulation of UV-B absorbing pigments is one of the way by
which plants avoid the harmful effects of sUV-B (Dillenburg et al.,
1995). The photoinduced accumulation of flavonoids was reported
to precede by the induction of several enzymes involved in
phenylpropanoid metabolism (Hahlbrock and Scheel, 1989). Many
flavonols and flavones tend to accumulate at high concentrations in
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Total chlorophyll (mg g-1 fresh leaf)

* = p<0.05, ** = p<0.01, *** = p < 0.001, ns = Not significant
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Fig. 1: Age wise changes in total chlorophyll and carotenoids due to sUVB radiation and heavy metal (Ni) treatments given individually or in
combination (bar represent mean ± 1SE)

Table - 2: F-ratios and level of significance of three way ANOVA test for flavonoid absorbance of Pisum sativum L. plants

Wave length (nm) Plant age (A)

sUV-B (T)

Ni (N)

A×T

A×N

T×N

A×T×N

250
270
290
310
330
350

84.12***
67.30***
52.60***
78.12***
114.60***
125.12***

0.48ns
1.40ns
0.92ns
1.32ns
0.84ns
1.16ns

18.70***
17.12***
16.10***
16.30**
9.12***
36.10***

1.04ns
6.23ns
0.46ns
1.12ns
0.76ns
0.72ns

0.32ns
0.12ns
1.56*
1.18*
0.32ns
0.12ns

0.15ns
0.09ns
0.12ns
0.18ns
0.40ns
0.45ns

56.12***
64.20***
112.10***
145.20***
138.26***
84.12***

Level of significance: * = p<0.05, ** = p<0.01, *** = p<0.001, ns = Not significant
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Fig. 2: Age wise changes in absorption profile of flavonoids of Pisum
sativum L. due to sUV-B and Ni treatment given individually and in
combination (bars represent mean ± 1SE)

the epidermal layer of leaves, making them well suited to screen
harmful UV-B radiation and also reduce its doses penetrating in the
leaf mesophyll tissue (Day, 2001). It seems therefore, that the
protective mechanism against sUV-B radiation is impaired when
plants are grown in an environment contaminated with Ni.
Foliar protein content was found to be significantly lower
under all treatments applied singly. ANOVA test showed that
combined treatment of sUV-B and Ni did not show significant effect
on protein content of plants (Table 1). Combined treatment of sUVJournal of Environmental Biology
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Foliar ascorbic acid content increased with successive
growth stages in the test plants, but reduced significantly under
sUV-B and Ni treatments. Reductions in ascorbic acid contents
were 17.1, 12.2 and 20.5% in sUV-B, Ni and sUV-B+Ni exposed
plants, respectively when compared to their controls at 45 days
(Fig. 3). ANOVA test showed that both the treatments significantly
affected ascorbic acid content of plants (Table 1). Reduction in
ascorbic acid content of sUV-B treated plants was consistent with the
results obtained by Agrawal and Rathore (2007) in wheat and
mung bean plants. Ascorbic acid acts as in vivo biological antioxidant
and functions as a co-substrate of plant peroxidases (Halliwell,
1982). Ascorbate can scavange many free radicals produced during
oxidative stress such as HO., RO., GO., urate and tocopheroxy
radical (TO.) due to its low reduction potential. The reduction in
ascorbic acid could be explained by the increase of ascorbate
peroxidase (APX) activity after UV-B exposure which consumes
more ascorbic acid for effective quenching of oxyradicals.

Co

Absorbance (mg g-1 fresh leaf)

0.45

270

B and Ni always resulted in more reduction in protein content as
compared to their individual treatment. The reductions in protein
content were found to be 25.9, 18.7 and 30.9% in treatments of
sUV-B, Ni and sUV-B+Ni, respectively as compared to their control
ones at 45 days (Fig. 3). UV radiation is not only known to cause
modification or destruction of amino acid residues, but also known to
inactivate the protein and enzymes (Prinsze et al., 1990). Higher
concentration of Ni also caused reduction of protein content in
Chorchorus olitorius (Saleh, 2002). The decrease in protein content
under heavy metal stress suggested that soluble proteins may be
leaked or diffused out of the plants material, or possibly the induced
catabolic enzymes have destroyed the protein (Sasadhar, 1987).
Decrease in protein content was also well correlated with the increase
in proline content of plant cells (Shukla et al., 2001).

py

Absorbance (mg g-1 fresh leaf)

0.35

Phenol content increased under all the stress factors
(Fig. 3). The percentage increments in phenol content were 41.9,
17.3 and 46.6 in sUV-B, Ni and sUV-B+Ni, respectively at 45 days
as compared to their control ones (Fig. 3). There are several
reports in a variety of plants showing increase in phenolic content in
response to UV-B (Hada et al., 2001) and heavy metal stress
(Agrawal and Mishra, 2009). As an adaptation to UV-B, phenols
can reduce the intensity of UV-B reaching to the photosynthetic
tissues of the leaves (mesophyll) where it can be damaging. Rauser
(1978) reported accumulation of apolar soluble phenolics as early
effects of Ni toxicity in Phaseolus vulgaris. Heavy metals are known
to induce oxidative stress (Panda and Patra, 2000), but a direct
protective function of phenolics against heavy metal stress is yet to
be determined (Suzuki, 2005).
Thiol content of pea also increased with successive growth
stages of pea plants (Fig. 4). In case of combined treatments,
interaction of sUV-B and Ni led to more increment in thiol content as
compared to their individual treatment, but it was not significant
(Fig. 4). The percent increments in thiol contents were 40.4, 13.2
and 49.4, respectively at 45 days in sUV-B, Ni and sUV-B+Ni
treated plants (Fig. 4). ANOVA test showed that variations in thiol
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Percent increments in lipid peroxidation (LPO) expressed
as MDA contents were 71.9, 48.5 and 81.0% in sUV-B, Ni and
sUV-B+Ni treated plants, respectively at 45 days (Fig. 4). Under
8.7 KJ m-2 d-1 sUV-B irradiation, an increment of 77.7% in LPO was
observed by Agrawal and Mishra (2009) in pea plants. UV-B is
known to damage fatty acids in photosynthetic organisms or in
reconstructed membrane systems. This could be achieved via the
energetic cleavage of covalent bonds (Larson, 1988) by UV-B
generated amino acid radicals that can oxidize fatty acids (Salmon
et al., 1990) or through the activation of ROS which can attack fatty
acid chains. The increase in MDA content is an indicator of UV-B
induced oxidative damage due to impairment of cell defense system.
It has been observed that high concentration of metal increased
lipid peroxidation in intact cells through the generation of free radicals
(Severi, 1997).
Activity of super oxide dismutase (SOD) significantly
increased after treatments of sUV-B and Ni (Fig. 4). However,
interaction of sUV-B+Ni had additive effect on SOD activity of leaves.
The activity of SOD was 13.6, 2.5 and 16.4% higher in treatments
of sUV-B, Ni and sUV-B+Ni, respectively at 45 days as compared
to their controls (Fig. 4). UV-B radiation produces oxidative stress
by increasing the generation ROS such as singlet oxygen,
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Foliar proline content also increased after treatment of sUVB and Ni, singly and in combination. Variations in proline content
were significant due to all the factors and their interactions (Table 1).
At 45 days, proline accumulation increased by 32.7, 32.2 and
46.4%, respectively in sUV-B, Ni and sUV-B+Ni, treated plants
(Fig. 4). The accumulation of free proline in plants is regarded as a
general response to stress from different origin (Sumaryati et al.,
1992). Prasad et al. (2005) observed increments in proline by 38
and 11%, respectively in Ni and sUV-B treated soybean seedlings.
Agrawal and Mishra (2009) reported 53.5% increment in proline
content of sUV-B exposed pea plants. Proline accumulation is
believed to protect plants from detoxifying free radicals by forming
long-lived adducts with them (Alia et al., 1997). Proline accumulation
also caused considerable reduction in the time-dependent increase
in the level of dienes conjugates and MDA during UV exposure of
linolenic acid micelles. Proline participates in the reconstruction of
chlorophyll, activates Krebs cycle and acts as an energy source
(Mishra and Agrawal, 2006).

50

Protein (mg g-1 fresh leaf)

contents were not significant due to interactions between Age×Ni
and sUV-B×Ni (Table 1). Agrawal and Rathore (2007) reported
increments of 27.8 and 22.4% in thiol contents of sUV-B exposed
mung bean Vigna radiata cv. Malviya Jyoti and Malviya Janpriya,
respectively at 65 days. Randhawa et al. (2001) also reported
increase in thiol content by maintaining high GSH: GSSG ratio in Nitolerant B4 strain of a green alga Scenedesmus acutus f. alternans.
Several studies suggest that GSH could be involved in protecting
cells from the oxidative stress induced by heavy metals (Weckx and
Clijsters, 1997) and is the direct precursor of phytochelatins.
Phytochelatin is a cysteine rich peptide, synthesized from glutathione
and chelates heavy metals on its thiol moieties (Zenk, 1996).
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Fig. 3: Age wise changes in protein, phenol and ascorbic acid contents due
to sUV-B radiation and heavy metal (Ni) treatments given individually or in
combination (bar represent mean ± 1SE)
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Fig. 4: Age wise changes in POX, SOD and CAT activities and LPO, proline and thiol contents due to sUV-B radiation and heavy metal (Ni) treatments
given individually or in combination (bar represent mean ± 1SE)
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