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The present study was conducted to assess quantitative information about lead (Pb) contamination in soil on
the growth and physiology of wheat. Solutions with three different concentrations of Pb as [Pb(NO3)2 at 500,
1000 and 2500 µM] were incorporated into the soil to achieve Pb-stressed conditions in comparison to
unstressed, water treated, control variant. Wheat growth measured in terms of root length, shoot length and dry
weight exhibited a significant decline with increasing Pb concentrations in the soil. Root and shoot length and
seedling weight declined in the range of ~23–51, ~17–44, and ~21–44% in response to 500 to 2500 µM Pb.
In addition, there was a significant reduction in the levels of photosynthetic pigments-chlorophyll a
(16-66%) and b (10-24%) and total chlorophyll content (by 14-39%) in plants growing in Pb-contaminated
soil. It indicated a negative effect on photosynthetic activity in wheat and was confirmed by reduced
photochemical efficiency of PSII (Fv/Fm) in the range of ~ 3-37% in response to 500 to 2500 µM Pb. The
reduction in wheat growth in Pb-contaminated soil was accompanied by induction of oxidative stress as
indicated by enhanced lipid peroxidation in terms of malondialdehyde (MDA) content (by 18-40% ) and
hydrogen peroxide (H 2O 2) content (by 34-123% ) and alterations in the activity of enzymes, superoxide
dismutases (SOD) and guaiacol peroxidases (GPX) in wheat roots. The study concludes that Pb in soil
inhibits growth and phototsynthetic activity in wheat through induction of oxidative stress.
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Introduction
In the present scenario, heavy metal pollution of
environment is of major ecological concern, since their contamination
is threatening agriculture, wild life, and humans (Gratao et al., 2005).
Rapid industrialization has significantly added lead (Pb) beyond
permissible limits into the soil (Nriagu, 1996). Since, Pb is not an
essential nutrient for plants, Pb pollution in soil is of priority concern
to agriculturalists and environmentalists. It is easily taken up by the
plants from the soil, thereby affecting crop yield, and consequently
humans (Patra et al., 2004). The ability of a plant to take up significant
quantities of Pb depends upon its concentration in soil and its
bioavailability. Generally, Pb is present in the forms of Pb-nitrate,

Pb-acetate, Pb-sulfide and Pb-citrate in the soil, which are readily
available and absorbed into the plants (Lopez et al., 2009). The
physiology of metal toxicity begins with the increased supply of
metal to the root, which results in the failure of well defined essential
to life plant process. The first visible symptom of metal toxicity includes
reduction in growth (Lin et al., 2007) followed by impaired plant
metabolism (Seregin and Ivanov, 2001). Toxic amounts of heavy
metals can exert deleterious effects on photosynthetic pigments and
photosynthetic efficiency of growing plants (Maksymiec et al., 2007).
Previously most of the studies pertaining to Pb have been conducted
under laboratory conditions either in hydroponic conditions or in
petri dish bioassays (Kopittke et al., 2007; Malecka et al., 2009;
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Keser and Saygideger, 2010). We, therefore, conducted a
pot study to evaluate the affect of Pb-contaminated soil upon the root
and shoot length, dry weight, chlorophyll content, quantum efficiency
of photosystem II, lipid peroxidation, hydrogen peroxide (H2O2)
content, and specific activity of superoxide dismutases (SOD) and
guaiacol peroxidases (GPX) of wheat (Triticum aestivum) under
green house conditions.
Materials and Methods
Experimental design and raising of plants: Plants were raised
in polypropylene pots of dimensions 8.5 × 8.5 × 7.5 cm filled with 0.5
kg garden soil (soil:sand::3:1, w/w) incorporated with 100 ml of
lead nitrate [Pb(NO3)2; Mol. wt. 331.21; purity 99%; purchased
from Merck Ltd., Mumbai, India] solutions at the rate of 0 (control),
500, 1000 and 2500 µM, respectively. The garden soil had
pH=7.51, conductivity=132.3 µS, available N=97.5 kg ha-1, available
P=86.1 ppm, available K=3.21 ppm and Pb=9.1 µg g-1 soil. The
experiments were conducted at the experimental dome of the
Department of Environment Science, Panjab University, Chandigarh,
India during November, 2009. Five independent (pot) replicates
were maintained in a randomized block design for each treatment
including control. Certified seeds of wheat (Triticum aestivum L.
var. PBW 302; germination: 95%) used in the present study were
purchased from the seed store in the grain market, Chandigarh,
India. These were surface-sterilized with 0.1% sodium hypochlorite
for 10 min, thoroughly washed with tap water, and then with distilled
water twice. Ten seeds were evenly sown in each pot at a depth of
0.5 cm and the pots were watered daily with respective Pb-solution
or water to maintain sufficient water content in the soil during the
whole test period.
After 7 days, root and shoot length of emerged seedlings
were measured with the help of a centimeter ruler. Seedling dry
weight was determined by oven drying seedlings at 70oC for 24
hr. Further, leaves were plucked and used for estimation of
photosynthetic pigments. The remnant materials were washed in
10 mM CaCl2 to remove Pb accumulated on their surface. Since
the growth reduction was greater in roots, these were further
used for various biochemical estimations. Apical portion (~1.5-2.0
cm) of roots was removed, stored at -80oC and used for
subsequent biochemical analysis. All the chemicals and reagents
used in the present study for biochemical estimations and enzymatic
assay were of analytical grade and procured from the best available
sources.
Estimation of Chlorophyll (Chl): Photosynthetic pigments in
leaf tissue (25 mg) of treated and control plants were extracted in
dimethyl sulphoxide (4 ml) after incubation at 60 oC for 1 hr (Hiscox
and Israelstam, 1979). The extinction value of recovered chlorophyll
was measured at dual wavelength of 645 and 663 nm on Shimazdu
UV-190 double beam spectrophotometer against DMSO, as a blank.
Amounts of Chl a, Chl b, and total Chl were determined using
equation of Arnon (1949) and expressed as µg mg-1 tissue on dry
weight (d.wt.) basis as suggested by Rani and Kohli (1991).
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Photochemical efficiency (Fv/Fm): The maximum potential
quantum efficiency of photosystem II (PSII) of intact wheat leaves
was measured using the OS-30p pulse modulated chlorophyll
fluorometer (Opti Sciences, US). Briefly, a leaf was attached on the
leaf holder of the plant efficiency analyser equipment and subjected
to dark conditions for about 10 min. Thereafter, its fluorescence
characteristics (Fv and Fm) were measured. This was repeated
ten times (on independent plants) for each treatment concentration.
Measurements were made at 12.00 noon.
Estimation of lipid peroxidation and hydrogen peroxide:
Lipid peroxidation was measured in terms of malondialdehyde
(MDA) content. It is a major thiobarbituric acid reactive species
(TBARS) and end product of lipid peroxidation, in root tissue was
determined as per Heath and Packer (1968). Roots (100 mg) were
homogenized in 5 ml of 0.1% TCA (w/v). After centrifugation at
10,000xg for 10 min at 4oC rotor temperature, 1 ml of supernatant
was mixed with 4 ml of 0.5% TBA in 20% TCA. The mixture was
heated at 95oC for 30 min, then cooled over ice, and centrifuged at
10,000xg for 10 min. The absorbance of the supernatant was read
at 532 nm, and corrected for non-specific absorbance at 600 nm.
MDA amount was calculated using an extinction coefficient of 155
mM-1 cm-1and expressed as nmol g-1 f.wt.
Concentration of hydrogen peroxide (H2O2) in the root
apices was measured as per Singh et al. (2007). Briefly, root tissue
(100 mg) was extracted with TCA (5 ml, 0.1%, w/v) in a pre-chilled
pestle and mortar. The homogenate was centrifuged at 12,000xg
for 15 min. An aliquot of 0.5 ml of sample was mixed with 0.5 ml of
PO43-buffer (pH 7). To this mixture 1 ml of 1 M potassium iodide was
added and read the absorbance at 390 nm. The H2O2 content was
determined using the extinction coefficient 0.28 µM-1 cm-1 and
expressed as nmol g-1 f.wt.
Estimation of superoxide dismutase (SOD) and guaiacol
peroxidase (GPX): Nearly 250 mg wheat roots were homogenized
in 10 ml of ice- chilled 100 mM Na-phosphate buffer (pH 7.0) under
ice-cold conditions. The homogenate was centrifuged at 15,000×g
for 30 min at 4oC rotor temperature. The supernatant was stored at
4oC for determination of enzyme activities. An aliquot of supernatant
was used for the estimation of protein content as per Lowry et al.
(1951) against bovine serum albumin as standard. All enzymatic
activities were measured at 25oC on a UV–VIS spectrophotometer
(Model UV 190, Shimadzu Corporation, Japan).
The SOD (EC 1.15.1.1) activity was measured in terms of
its capacity to inhibit photochemical reduction of nitro blue tetrazolium,
NBT (Beauchamp and Fridovich, 1971). One unit of SOD was
defined as the amount of enzyme required to inhibit 50%
photoreduction of NBT at 25oC. The reaction mixture of 4 ml was
composed of 63 µM NBT, 13 mM L-methionine, 0.1 mM EDTA, 13
mM riboflavin, 0.05 M sodium carbonate and 0.5 ml enzyme extract
(or distilled water in control). The reaction was initiated by light
illumination for 15 min and inhibited by transferring them to dark for
15 min. The absorbance was read at 560 nm.
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Statistical analysis: The data were analyzed by one-way
analysis of variance (ANOVA) and means were separated using
post hoc Tukey’s test at P<0.05.
Results and Discussion
Seedling growth of wheat (measured in terms of length and
dry weight) was adversely affected in Pb-amended soil (Table 1).
The inhibitory effect was concentration dependent and growth
declined with increasing concentration of Pb in the soil. After 7 days,
root length decreased in the range of ~23–51% over 500–2500
µM Pb. Likewise, a reduction in shoot length was also noticed.
Shoot length was reduced by ~17, 31 and 44% after 7 days upon
exposure to 500, 1000 and 2500 µM Pb, respectively. The reduction
in shoot length was comparatively lesser and the inhibitory effect
was more pronounced on root length. It was also evident from a
declining root/shoot ratio upon Pb exposure.
The observations made in the present study are in
agreement with earlier reports indicating inhibitory effect of
Pb-amended soil upon the seedling growth of plants. Kopittke
et al. (2007) reported ~29% reduction in root growth of 13
day-old cowpea growing in 0.025–2.5 mM Pb. Similarly, Ghani
(2010) reported ~67% reduction in root growth of maize grown
in Pb-contaminated soil, whereas shoot length was not affected
much. The greater inhibitory effect on root growth than on
shoot growth is not surprising. It is a potent inhibitor of root
growth and accumulates largely in the roots (Bashmakov et
al., 2005). Roots, in fact, act as a barrier against heavy metal,
and prevent its distribution to the aerial parts (Fernandes and
Henriques, 1991).
Parallel to seedling growth, a significant reduction in dry
weight of emerged seedlings was also observed. Seedling weight
declined in the range of 21-44% when exposed to 500-2500 µM
concentration of Pb in soil (Table 1). Such an observation parallels
earlier reports that seedling weight accumulation is severely affected
in plants growing in metal-contaminated soils (Lolkema et al., 1984;
Verkleij and Prast, 1989; Ouzounidou et al., 1995). Earlier,
Kososbrukhov (2004) observed a considerable decrease in dry
weights of plant parts specifically under Pb treatment. Previously, it
has been opined that Cu-induced reduction in root biomass involves
alterations in physiology and metabolism in the root tissue
(Ouzounidou et al., 1995).
Chlorophyll content is suggested as a very useful in
vivo indicator of heavy metal toxicity for calculating the upper critical
tissue concentrations. Accordingly, we studied the effect of Pb on
Chl a and b, and total Chl content in wheat seedlings growing in
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The GPX (EC 1.11.1.7) activity was determined in terms of
oxidation of guaiacol by measuring increase in absorbance at 470
nm (Egley et al., 1983). The assay mixture contained 25 mM
phosphate buffer (pH 7.0), 0.05% guaiacol (w/v), 1.0 mM H2O2
and 0.1 mM EDTA and 0.2 ml enzyme extract. The enzyme activity
was calculated using an extinction coefficient of 26.6 mM-1 cm-1 and
expressed as enzyme unit mg-1 protein.
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Fig. 1: Effect of lead (Pb) treatment to pot soil on photochemical efficiency
(Fv/Fm) in leaves of wheat plant grown for 7 days. Data present as mean
± SE. Different alphabets represent signiucant difference among different
concentrations at P<0.05

Pb-contaminated soil (Table 2). Due to Pb toxicity, a significant
reduction was noticed in Chl a, Chl b and total Chl content in wheat
seedlings. Chl a, Chl b, and total Chl content declined by ~16–
66%, ~10–24% and 14 to 39%, respectively in 500-2500 µM Pbcontaminated soil. A significant decline was observed in chl a/b ratio
in wheat leaves.
In order to test if the reduction in chlorophyll content affected
photosynthetic efficiency, we measured photochemical efficiency of
PSII (Fv/Fm) in dark adapted leaves. Coinciding with the hypothesis,
it was found to be severely reduced in wheat seedlings growing in
Pb-contaminated soils compared to control plants. Fv/Fm values
were decreased by ~34 and 37%, in 1000 and 2500 µM Pbcontaminated soil, over that of control (Fig. 1). A decrease in
photosynthetic efficiency with respect to increasing concentration
exhibits a reciprocal relation of Fv/Fm with increasing concentrations
of Pb in the soil. These results confirm Pb interference with
photosynthetic electron transport as evidenced by high fluorescence
signal, i.e. lower Fv/Fm values (Fig. 1). The current observations
are in agreement with Patra et al. (2004), who demonstrated that
Pb exposure decreases content of photosynthetic pigments, thereby
reducing photochemical efficiency of PSII. However, we did not
study the exact mechanism of Pb-inhibited photosynthetic activity.
Nevertheless, Pb is known to inhibit chlorophyll synthesis either
due to impaired uptake of Mg and Fe by plants (Bruzynski, 1987)
or because of increased chlorophyllase activity (Drazkiewicz, 1994).
Mallick and Mohn (2003) opined that reduced or partial blockage of
electron transport from PSII to PSI limits the reoxidation of QA (the
primary photosystem electron acceptor), thereby resulting in
reduction of Fv/Fm. As a result of reduced photosynthesis, the effect
of Pb is apparent as decreased plant growth.
The plants growing in Pb-contaminated soil significantly
accumulated MDA content (~18–40%) over control. Enhanced MDA
content indicated lipid peroxidation in response to Pbcontamination and Pb-induced oxidative stress (Table 3). These
observations are in conformity with an earlier observation of Keser and
Journal of Environmental Biology  March 2012
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Table -1: Seedling growth (in terms of length and weight) of 7-day-old wheat (Triticum aestivum) plants grown in lead(Pb) treated pot soil
Pb treatment (µM)

Root length (cm)

Shoot length (cm)

Seedling weight (mg/seedling)

Root/Shoot ratio

0
500
1000
2500

17.3±0.21a (0)
13.4±0.27b (–22.5)
9.4±0.19c (–45.7)
8.5±0.11d (–50.9)

16.7±0.86a (0)
13.9±0.40b (–16.8)
11.5±0.36c (–31.1)
9.3±0.46cd (–44.3)

39.1±0.30a (0)
31.2±0.20b (–20.5)
28.3±0.21c (–28.2)
22.1±0.11d (–43.6)

1.04±0.02a
0.96±0.02b
0.82±0.02c
0.91±0.01d

Values are mean of five replicates ± SE. Means with common letters are not significantly different at P<0.05; Figures in parenthesis represent the percent
decrease (–) over the control
Table - 2: Level of chlorophyll in leaves of 7-day-old wheat plants grown in lead(Pb) treated pot soil
Pb treatment
(µM)

Chl a
(µg mg-1 d.wt.)

Chl b
(µg mg–1 d.wt.)

Chl
a/b ratio

0

6.46±0.39a (0)

4.59±0.27a (0)

1.41±0.28a

500
1000
2500

11.03±1.2a (0)
5.42±0.08b (–16.09)
4.04±0.04c (–37.46)
2.22±0.01d (–65.63)

4.12±0.19a (–10.23)
3.66±0.21a (–20.26)
3.51±0.01a (–23.52)

1.32±0.21a
1.10±0.20b
0.60±0.01c

Total Chl
(µg mg-1 d.wt.)

9.54±1.1b (–13.51)
7.72+0.7c (–30.01)
6.69±0.8c (–39.35)

Values are mean of five replicates ± SE. Means with common letters are not significantly different at P<0.05; Figures in parenthesis represent the
percent decrease (–) over the control
Table - 3: Effect of lead (Pb) treatment to pot soil for 7 days on lipid peroxidation (MDA content) and alterations in the activities of superoxide dismutase
(SOD) and guaiacol peroxidase (GPX) in the roots of wheat plant
Pb treatment (µM)

MDA (nmol g-1 f.wt.)

H2O2 (nmol g-1 f.wt.)

SOD (EU mg-1 protein)

GPX (EU mg-1 protein)

0
500
1000
2500

11.1 ± 0.21a (0)
13.1 ± 0.12b (+18.0)
14.2 ± 0.27c (+27.9)
15.5 ± 0.23d (+39.6)

6.4 ± 0.49a (0)
8.6 ± 0.33b (+34.4)
10.7 ± 0.41c (+67.2)
14.3 ± 0.32d (+123.4)

2.2±0.70a (0)
3.3±0.12a (+50.0)
5.0±0.90b (+127.3)
7.1±0.83c (+222.3)

11.6±1.11a (0)
7.6±1.01b (–34.5)
4.2±0.96c (–63.8)
2.5±0.87d (–78.4)

Values are mean of five replicates ± SE. Means with common letters are not significantly different at P<0.05; Figures in parenthesis represent the percent
changes (+ = Increase, – = Decrease) increase over the control

Saygideger (2010) who reported MDA accumulation in
watercress (Nasturtium officinale) in response to Pb-contamination.
It further indicated that Pb-induced toxicity is exerted through free
radical generation.
The plants growing in Pb-contaminated soil significantly
enhanced H2O2 content (~34–123%) over control. The H2O2 content
increased by 34, 67 and 123% in 500, 1000 and 2500 µM Pbcontaminated soils, respectively (Table 3). Such an observation is
in agreement with an earlier studies reporting increased H2O2 content
in plant roots under Pb-stress; for example, in Hypnum plumaeforme
(Sun et al., 2010), and pea (Malecka et al., 2009) roots. However,
both these studies were conducted in laboratory without using soil
as a medium. Nevertheless, H2O2 accumulation is another ROS
that is implicated in enhanced lipid peroxidation, membrane damage
and causing cell death (Stone and Yang, 2006; Singh et al., 2009).
Activity of SOD increased linearly with increasing Pb levels
in the soil. It enhanced by ~50–222% in Pb-contaminated soil
compared to that in control soils (Table 3). A similar increased SOD
activity has also been observed in water cress upon Pb exposure
under hydroponic conditions (Keser and Saygideger, 2010). In
metal-stress studies, SOD activity is of more relevance since it
provides first line of defense against oxidative damage (Gratao et
Journal of Environmental Biology March 2012

al., 2005). An up-regulated SOD activity catalyzes dismutation of
O2– to O2 and H2O2 and this increase can be attributed to de novo
synthesis of enzyme proteins (Verma and Dubey, 2003).
Unlike SOD, a significant (P<0.05) decline was observed
in GPX activity in roots of wheat plants growing in Pb-contaminated
soils (Table 3). The GPX activity declined in the range of 35% (at
500 µM Pb) to 78% (at 2500 µM Pb) over that in control (Table 3).
Parallel to our observations, a similar decrease in GPX activity has
been reported in 7-days-old aquatic plant Ceratophyllum demersum
in response to 10-100 µM Pb (Mishra et al., 2006). It is a stress
marker enzyme, located in cytosol, cell wall, vacuole and extra
cellular spaces. Broadly, this enzyme is known to catalyze phenolic
substrates. It decomposes H2O2 to generate phenoxy compounds,
which in turn polymerize to produce cell wall components such as
lignin (Reddy et al., 2005). A decrease in GPX activity results in
increased concentrations of H2O2 (as observed in present study) to
toxic levels, causing oxidative stress to the plants (Sandalio et al.,
2001).
Thus, based on the results obtained in the present study, it
is concluded that Pb-contamination in the soil inhibits plant growth
(height as well as dry weight accumulation), impairs photosynthetic
activity through induction of ROS-mediated oxidative stress.
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