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The present study was designed to study the process of stress adaptation in roots and shoot of Zea mays
seedlings grown under hydroponic conditions during exposure to lead (Pb) (0-200 wM) for 1-7 d. The
alterations in growth and in the level of various biochemical parameters were accessed vis-a-vis Pb accu-
mulation. The accumulation of Pb increased in a concentration-duration-dependent manner, however its
translocation from root to shoot was low. At the same time, the level of malondialdehyde (MDA) increased
with increasing Pb concentration. However, growth parameters, such as dry weight and root length did
not show a significant decline to any of the Pb concentrations. In addition, the level of photosynthetic
pigments decreased only upon exposure to high Pb concentrations. These results suggested an alleviation
of the stress that was presumably being achieved by antioxidants viz., superoxide dismutase (SOD) and
catalase (CAT) as well as ascorbic acid (AsA), which increased linearly with increasing Pb levels and expo-
sure time. However, the level of non-protein thiols (NP-SH) in roots, in general, showed a decline beyond
4d that could be attributed to their consumption for the purpose of Pb detoxification. In conclusion, Zea
mays can be used as an indicator species for Pb, and the various antioxidants might play a key role in the
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detoxification of Pb induced toxic effects.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Heavy metal pollution of the environment is of major ecologi-
cal concern due to its impact on human health through the food
chain and its high persistence in the environment [1]. Lead (Pb) is
one of the most abundant, globally distributed toxic elements. Its
contamination results from mining and smelting activities, Pb con-
taining paints, paper and pulp, gasoline and explosives as well as
from the disposal of municipal sewage sludge enriched with Pb [2].
It exerts adverse effects on morphology, growth and photosynthetic
processes of plants and causes inhibition of enzyme activities, water
imbalance, and alterations in membrane permeability and disturbs
mineral nutrition [2].

In plants, reactive oxygen species (ROS) are produced con-
tinuously as byproducts of various metabolic pathways that are
localized in different cellular compartments [3,4]. However, under
stressful conditions, their formation might increase to excess of
antioxidant scavenging capacity, thus creating oxidative stress by
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reaction and damage to all biomolecules [5]. One of the most
damaging effects of ROS and their products is the peroxidation of
membrane lipids and ion leakage [2]. To control the level of ROS and
to protect the cells, plants possess low molecular weight antioxi-
dants (ascorbic acid (AsA), reduced glutathione (GSH), carotenoids,
toco-pherols) and antioxidant enzymes such as superoxide dismu-
tase (SOD), and catalase (CAT) [3]. SOD is the major superoxide
radical scavenger and its enzymatic action results in H,O, and O,
formation. Since H, 0, itself is toxic, it is eliminated by conversion
to H,O0 in subsequent reactions by CAT. Antioxidants such as AsA
and glutathione (GSH), which are found at high concentrations in
chloroplasts and other cellular compartments (5-20 mM AsA and
1-5mM GSH), are crucial for plant defense against oxidative stress
[6].

Plants possess several other mechanisms that are involved in the
detoxification of heavy metals to tolerate the stress, such as reduced
uptake of heavy metals or efflux pumping of metals entered in the
cytosol [7], binding to ligands viz., organic acids, amino acids, GSH
or phytochelatins (PCs) to render them harmless at primary level
of metal entry to the cell [8,9]. For Pb, binding to cell wall is one of
the major mechanisms of detoxification [10].

Maize (Zea mays) is an important food crop plant all around
the world and was selected for study because it can be used as an
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indicator species to assess ecotoxicity of soils polluted by contam-
inants and also due to the insufficient information available on Pb
toxicity in maize. To get more information on the plant responses
to Pb, in our present study, the effects of Pb on MDA concentration
(lipid peroxidation), activities of 3-ALA-D, CAT and SOD, and con-
centration of AsA, NP-SH and total soluble proteins were analyzed
under various Pb treatments.

2. Material and methods
2.1. Plant material and growth conditions

Seeds of Zea mays Variety BR-3060 were obtained from Feltrin
Ltd., Santa Maria, RS, Brazil. Seeds were germinated under dark
conditions at 23+2°C on filter paper humidified with distilled
water for 7 d. After sufficient seedling growth, seedlings were trans-
ferred on plastic containers (10L) filled with aerated full nutrient
solution of low ionic strength. The nutrient solution had the com-
position (mgL-1): 85.31 N; 7.54 P; 11.54 S; 97.64 Ca; 23.68 Mg;
104.75 K; 181.08 Cl; 0.27 B; 0.05 Mo; 0.01 Ni; 0.13 Zn; 0.03 Cu;
0.11 Mn and 2.68 Fe. The solution pH was maintained to 5.8 +0.1
by titration with HCl or NaOH solutions (0.1 M) when required.
On the 14thd after transplant of seedlings, Lead as Pb(NO3), was
added to each container to form five concentrations: 0 (control),
25, 50, 100 and 200 M. The nutrient solution in the growth con-
tainers was renewed once a week. Cultured plants were grown in
a growth chamber at 25+ 1°C during 16/8 light/dark cycle with
35 uMm—2 s~ of irradiance by cold fluorescent lamps. Lead treated
seedlings were harvested totally at random on day 1,4 and 7 as from
the plastic containers. In each experiment, second and third leaves
of seedlings were selected for analysis. All chemicals used were of
analytical grade purchased from Sigma Chemical Company (USA).

2.2. Plant growth parameters

At harvest, the plants were divided into root and shoots. Roots
were rinsed twice with distilled water. Subsequently, growth and
biochemical parameters were determined. Plant biomass was mea-
sured on fresh and dry weight basis. For fresh weight, excess water
from the root is dried from tissue paper and weighed on an elec-
tronic balance and expressed in gplant~!. To obtain dry weight,
roots and shoots were dried at 65°C until reaching a constant
weight and weighed on an electronic balance and expressed in
gplant~!. Root length was determined according to Tennant [11],
and shoot length was measured by Varnier calipers, both expressed
in cmplant=1.

2.3. Metal estimation

Lead content was estimated in both root and shoots. Dried plant
tissues, between 0.01-0.25 g, were ground and digested with 5ml
of concentrated HNO3. Sample decomposition was carried out in
an open digestion system, using a heating block Velp Scientific
(Milano, Italy). Heating was set at 130 °C for 2 h. Plastic caps were fit-
ted to the vessels to prevent losses by volatilization. The Pb content
was determined by Inductively Coupled Plasma Optical Emission
Spectrometry, using a PerkinElmer Optima 4300 DV (Shelton, USA)
equipped with a cyclonic spray chamber and a concentric nebulizer.
The emission line selected was 220.353 nm.

2.4. Total chlorophyll, carotenoids and total soluble protein
determination

The content of chlorophyll was estimated by the method of
Arnon [12] and carotenoid content was calculated by using the
formula given by Duxbury and Yentsch [13]. Protein content was

estimated following the method of Lowry et al. [14] using bovine
serum albumin as standard.

2.5. Estimation of 6-aminolevulinic acid dehydratase (E.C.
4.2.1.24) activity

Leaves were homogenized in 10mM Tris-HCl buffer, pH 9.0,
at a proportion of 1:1 (w/v). The homogenate was centrifuged at
12,000¢g at 4°C for 10 min to yield a supernatant (S1) that was
used for the enzyme assay. The supernatant was pre-treated with
0.1% Triton X-100 and 0.5 mM dithiothreitol. ALA-D activity was
assayed as described by Morsch et al. [15] by measuring the rate of
porphobilinogen (PBG) formation. The incubation medium for the
assays contained 100 mM Tris-HCI buffer, pH 9.0. For the enzyme
assay, the final concentration of ALA was 3.6 mM. Incubation was
started by adding 100 .l of the tissue preparation to a final volume
of 400 1. The product of the reaction was determined with the
Ehrlich reagent at 555 nm using a molar absorption coefficient of
6.1 x 1041 mol~! cm~1 for the Ehrlich-PBG salt. ALA-D activity was
expressed as nmol PBG mg~! proteinh—1.

2.6. Estimation of lipid peroxidation, catalase (E.C. 1.11.1.6),
superoxide dismutase (E.C. 1.15.1.1), ascorbic acid and non-protein
thiol concentration

The degree of lipid peroxidation was estimated following the
method of EI-Moshaty et al. [16]. Catalase (CAT) activity was assayed
following the method of Aebi [17]. The activity of superoxide
dismutase (SOD) was assayed according to Misra and Fridovich
[18]. Ascorbic acid determination was performed as described by
Jacques-Silva et al. [19]. Non-protein thiols concentration was mea-
sured spectrophotometrically with Ellman’s reagent [20].

2.7. Statistical analysis

The experiment was done as randomized block design. Two-way
analysis of variance (ANOVA) was done with all the data to confirm
the variability of data and validity of results, and Duncan’s multiple
range test (DMRT) was performed to determine the significant dif-
ference between treatments. Graphical work was carried out using
Origin v.7.0.

3. Results and discussion
3.1. Absorption of Pb

When Zea mays seedlings were raised under increasing con-
centrations of Pb, plants accumulated significant amounts of Pb
in concentration duration-dependent manner (Fig. 1A and B). The
Pb levels in roots and shoots showed positive linear relationships
with the Pb concentration in the nutrient solution. The maximum
Pb concentration was found to be 70,425 pgg~! DW in roots and
995 ng g~! DWinshoots at 200 wM after 7 d of Pb treatment. Hence,
translocation of Pb from root to shoot was very low. Based on com-
parative studies of metal content in plant parts, Baker and Walker
[21] suggested that uptake, translocation and accumulation mech-
anisms differed for various heavy metals and for the species. It is
known that the root system partially defends the above ground
parts from Pb [22,23] as was found in the present study. Mostly,
the plants with highest tolerance take-up the smallest proportion
of the total soil metal and had the lowest shoot metal contents [24].

3.2. Effect of Pb on seedling growth

In general, Pb treatment reduced the root fresh biomass in com-
parison to control on 1 and 7 d of treatment (Table 1). In the case of
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Fig. 1. Pb accumulation by Zea mays seedlings ((A) root (B) shoot) treated with dif-
ferent concentrations of Pb for 1,4 and 7 d. All the values are mean of triplicates & SD.
ANOVA significant at p <0.01. Different letters indicate significantly different values
at a particular duration (DMRT, p <0.05).

shoot, fresh weight was not altered in any of treatments as com-
pared to control. Both root and shoot dry weight did not alter
upon addition of Pb, with exception after 7d where shoot dry
weight decreased at 200 wM Pb, as compared to control (Table 1).
Root length did not show alteration upon addition of any Pb treat-
ment, whereas shoot length was decreased after 7d at 200 wM Pb
(Table 1). Hence, seedlings showed slight reduction of fresh and dry
biomass of both root and shoot at higher concentrations after 7 d.
Similar types of results were reported by Dey et al. [25] in hydro-

ponically grown wheat seedlings exposed to Cd and Pb. Tanyolac
et al. [26] also reported similar type of results in Zea mays with Cu
stress.

3.3. Effect of Pb on the level of photosynthetic pigments and total
soluble proteins and the activity of §-ALA-D

A duration-dependent response of Pb stress was observed on
photosynthetic pigments (Table 2). At 1d after Pb treatment, total
chlorophyll increased at 200 M, on 4d it remained unchanged,
whereas on 7 d it decreased at 200 wM as compared to control. Total
carotenoids were decreased only in the presence of 200 wM Pb on
7d.

Total soluble proteins in roots were increased on 1d (50, 100
and 200 M), whereas on 4d it either increased up to 100 uM
or decreased at 200 uM of Pb. On 7d, proteins declined at all Pb
concentrations as compared to control. Shoot total soluble protein
concentration increased at 25 wM of Pb on 1 d, whereas it decreased
at 100 and 200 pM for 4d seedlings. Conversely, after prolonged
exposure (7 d)iteither decreased at 25 and 50 wM of Pb or increased
at 100 and 200 wM of Pb.

A duration-dependent response to Pb stress was observed in 8-
ALA-D activity (Table 3). On 1 d after Pb treatment, 8-ALA-D activity
increased upon addition of 25 and 50 WM Pb, compared to control.
Conversely, after 4d of Pb treatment at 100 and 200 wM, 8-ALA-D
activity decreased significantly. On 7 d, 8-ALA-D activity decreased
at all Pb levels.

A decline in the level of photosynthetic pigments may be
attributed to Pb induced inhibition of chlorophyll and carotenoid
biosynthesis [27] that may be caused by the induced nutrient defi-
ciency, such as that of iron [28] as well as due to a reduced 3-ALA-D
activity observed in the present study. The decrease in net pho-
tosynthesis as a consequence of reduced absorption of essential
mineral nutrients is an indirect reason for plant chlorosis [28]. Sim-
ilar type of result was reported by Tanyolac et al. [26] with Zea maize
stressed by Cu. Total soluble protein concentration was decreased
at higher concentration of Pb in roots as compared to control but
was found to increase in shoots after 7 d. It seems that due to high
Pb load in roots, there might have greater generation of ROS and
hence, more oxidative stress that might have resulted in decline
of protein concentration through oxidative damage. The increase
observed in shoots might be attributed to induced stress proteins
such as antioxidant enzymes and heat shock proteins [29].

Table 1
Effect of Pb concentrations on fresh weight, dry weight and length of Zea mays seedlings after addition of different concentrations of Pb for 1, 4 and 7 d.
Pb in pM Root Shoot
1d 4d 7d 1d 4d 7d
Fresh weight (g plant=!)
Control 1.27 £0.45a 1.37+0.31a 1.58 +£0.01ab 1.57+0.01a 2.46 +0.41ab 3.85+041a
25 0.94 + 0.30ab 1.03+0.17a 1.75+0.74a 2.86+1.26a 3.21+0.55ab 428+ 141a
50 0.65 + 1.04ab 1.56+0.01a 1.59 +0.00ab 2.23+0.57a 3.00+0.77a 3.28+0.91a
100 0.63 +0.34ab 1.56+0.01a 0.83+0.11b 1.57+0.01a 2.92+048a 3.31+0.24a
200 0.28 +£0.09b 1.24+0.57a 0.80+0.34b 1.56+0.02a 1.57+£0.02b 3.08+0.73a
Dry weight (g plant=')
Control 0.042 £0.02a 0.055+0.01a 0.058 £0.02a 0.191 £+ 0.04a 0.220+0.04a 0.312+£0.09a
25 0.053+0.01a 0.057 £ 0.01a 0.063 +0.02a 0.222+0.04a 0.248 +0.05a 0.287 +£0.03ab
50 0.042 +0.02a 0.055+0.02a 0.063+0.01a 0.218+0.01a 0.222+0.08a 0.265 - 0.04ab
100 0.050+0.01a 0.048+0.01a 0.047 £0.01a 0.204+0.04a 0.211 +£0.06a 0.241 +0.02ab
200 0.048 +0.00a 0.045+0.01a 0.035 +0.00a 0.180+0.07a 0.194 +0.04a 0.209+0.02b
Plant length (cm plant—1)
Control 155.9+24.8a 179.5 + 10.6a 195.7 £50.9a 29.7 £6.02a 37.1+3.80a 40.6 +£7.67a
25 115.9+47.5a 162.6 +67.2a 185.3 £66.7a 31.8+4.26a 32.4+4.75a 39.1+1.07ab
50 114.1+7.6a 152.5+45.6a 172.7 £26.9a 30.9+2.05a 34.7 £ 6.66a 37.3+2.13ab
100 104.2 £20.4a 170.8 +£21.9a 156.9+24.3a 30.8+£6.91a 32.1+331a 34.9+3.78ab
200 137.8 £46.2a 132.8+40.2a 129.6+37.1a 30.1+£2.85a 30.1+4.03a 31.0+3.27b

All the values are mean of triplicates &= SD. ANOVA significant at p <0.01. Different letters indicate significantly different values at a particular duration (DMRT, p <0.05).



482 D.K. Gupta et al. / Journal of Hazardous Materials 172 (2009) 479-484

Table 2

Effect of Pb concentrations on total chlorophyll, total carotenoids and on total soluble protein concentrations in Zea mays seedlings after addition of different concentrations

of Pb for 1,4 and 7 d.

Pb in wM Total Chlorophyll (mgg~! FW) Total Carotenoids (mgg~! FW)

1d 4d 7d 1d 4d 7d
Control 1.56 £0.24b 1.80+0.07a 1.99+0.08a 0.43 4+ 0.08ab 0.47 +£0.05a 0.54+0.03a
25 1.71+£0.17ab 1.80+0.13a 2.00+0.07a 0.46 +0.08ab 0.50+0.03a 0.57+0.01a
50 1.71 £0.29ab 1.91 £0.03a 1.88 +£0.10ab 0.42 +£0.16b 0.53+0.01a 0.52+0.03ab
100 1.80+0.09ab 1.96 £0.05a 1.86+0.02ab 0.49+0.03ab 0.54+0.02a 0.52 0.01ab
200 1.91 +£0.08a 1.85+0.16a 1.65+0.14b 0.53+0.03a 0.52+0.04a 0.43+0.04b
Pb in pM Total soluble protein (mgg~! FW)

Root Shoot
Control 0.76 +0.03c 1.11 £0.05¢ 0.96+0.03a 2.03+0.05b 1.89+0.04a 1.544+0.02b
25 0.73 +0.05c 1.43 £0.06a 0.75+0.04c 2.13+0.04a 1.96 +0.03a 1.24 +0.05c¢
50 1.13+0.01a 1.23+0.02b 0.96 +£0.03a 2.034+0.05b 1.92+0.04a 1.05+0.04d
100 0.89 +£0.04b 1.224+0.03b 0.80 +0.08ch 2.05+0.04b 1.64+0.04b 1.78 +£0.05a
200 0.95+0.03b 1.01+0.04d 0.85+£0.04b 2.05+0.03b 1.39+0.04c 1.81+0.03a

All the values are mean of triplicates & SD. ANOVA significant at p <0.01. Different letters indicate significantly different values at a particular duration (DMRT, p <0.05).

Table 3
Effect of Pb concentrations on d-aminolevulinic acid dehydratase (8-ALA-D) con-
tents in Zea maize seedlings after addition of different concentrations of Pb for 1, 4
and 7d.

Pb in pM 8-ALA-D (nmol PBG mg~"! proteinh~')

1d 4d 7d
Control 1.11£0.05cd 1.24+0.02a 1.80+0.23a
25 1.87+0.11a 1.23+0.01a 1.04+0.01b
50 1.49+£0.05b 1.12 +£0.02ab 1.00+0.02b
100 1.19+0.01c 1.05+0.03bc 0.87+0.01c
200 1.00+0.01d 0.94+0.05¢ 0.65+0.08d

All the values are mean of triplicates & SD. ANOVA significant at p <0.01. Different
letters indicate significantly different values at a particular duration (DMRT, p < 0.05).

The decrease observed with prolonged Pb exposure (4 and 7d)
in 8-ALA-D activity may be due to some enzymatic changes and
production of ROS in the plants. Noriega [30] also got a similar type
of result when soybean plants were treated with Cd, which suggests
that accumulation of ALA in the chlorophyll and heme pathways
due to ALA-D inhibition, and their consequent generations of ROS
are indeed highly responsible for the deleterious action of Cd%* in
soybean.

3.4. Effect of Pb on lipid peroxidation

Significant increases in MDA concentration, a measure of
oxidative-stress-inducible peroxidation of membrane lipids, in

Il

(umol g) FW

Pb Concentration

Fig. 2. Effect of Pb concentrations on lipid peroxidation (MDA) in Zea mays seedlings
treated with different concentrations of Pb for 1,4 and 7 d. All the values are mean of
triplicates 4+ SD. ANOVA significant at p <0.01. Different letters indicate significantly
different values at a particular duration (DMRT, p <0.05).

both roots and shoots were observed (Fig. 2). On 1d, root MDA
concentration remained unchanged. Conversely, after prolonged
exposure (4 and 7d), root MDA concentration increased linearly
with increased Pb levels in the solution. In case of shoot, MDA
concentration was linearly increased with increasing Pb levels inde-
pendently of duration of exposure. Similar results were found with
two cultivars of Horsegram and Bengalgram [4]. Thus, the increased
MDA indicates the prevalence of oxidative stress and perhaps this
may be one of the possible mechanisms by which toxicity due to Pb
could be manifested in the plant tissues. However, the level of lipid
peroxidation was lower in roots as compared to that of shoots. This
was attributed to low Pb load in shoots that probably resulted in
low oxidative stress and membrane damage. This might be also be
linked to an inability of the antioxidative enzymes to tolerate such a
high Pb load despite the fact that antioxidative enzymes increased
significantly [25].

3.5. Effect of Pb on non-protein thiol and ascorbic acid
concentrations

A time and organ-dependent response to Pb stress was observed
on NP-SH concentration (Fig. 3A). At the first point of time after
Pb exposure (1d), root NP-SH concentration increased at 100 and
200 M Pb. Conversely, on 4 and 7 d, it decreased upon addition of
Pblevels exceeding 25 M Pb. Shoot NP-SH concentration increased
at 25pM on 1 and 7d of Pb treatment, whereas it remained
unchanged at most of the exposures.

A time and organ-dependent response to Pb stress was also
observed on AsA concentration (Fig. 3B). On 1 d root AsA concentra-
tion increased significantly only at 200 .M Pb, compared to control.
On 4d of Pb exposure, root AsA concentration increased only at
100 wM, whereas after prolonged exposure (7 d) it increased at 25,
100 and 200 wM. Shoot AsA concentration increased at 100 and
200 wM Pb at all durations.

An enhancement in NP-SH concentration may be due to an
increase of phytochelatins (PCs) and was also consistent with other
investigations that have shown increased NP-SH in plants exposed
to Pb [31]. The synthesis of PCs could mitigate Pb toxicity by
complexing the metal and is an important mechanism of plant
adaptation to long periods of metal exposure [31]. This increase
in the level of thiols may be due to stimulation of enzymes of
the sulfate reduction pathway such as adenosine 5’-phosphosulfate
reductase and serine acetyltransferase [32]. The enhancement in
NP-SH concentration possibly also reflects a defense reaction to
enhanced production of ROS [33] since NP-SH also constitute GSH
as one of the major fraction, which also antioxidant properties. In
addition, an increase in AsA concentration would have improved
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Fig. 3. Effect of Pb concentrations on non protein thiol (NP-SH) and ascorbic acid
(AsA) concentrations in Zea mays seedlings ((A) NP-SH (B) AsA) treated with different
concentrations of Pb for 1, 4 and 7d. All the values are mean of triplicates +SD.
ANOVA significant at p <0.01. Different letters indicate significantly different values
at a particular duration (DMRT, p <0.05).

plants antioxidant capacity to Pb induced stress [33]. Liu et al.
[34] got similar results with Cd. The enhancement of AsA lev-
els together with the marked increase in NP-SH concentration
thus might have effectively taken care of enhanced production of
ROS.

3.6. Effect of Pb on superoxide dismutase and on catalase activity

SOD activity was greater in roots than in shoots indepen-
dently of duration of Pb exposure (Fig. 4A). For both root and
shoots, SOD activity increased linearly with increasing Pb levels,
but such an increase was greater after prolonged exposure (7 d).
CAT activity showed the same trend like SOD activity (Fig. 4B). The
maximum CAT activity was recorded after 7d, i.e. 4.07 and 2.37
AEmin~—! mg~! protein, respectively, in roots and shoots of 200 uM
Pb treated seedlings.

An increase in SOD activity could possibly be the result of both
a direct effect of heavy metal ions and an indirect effect mediated
via an increase in levels of superoxide radicals [35]. The effect of
Pb stress on SOD expression is likely to be governed by the tis-
sue and sub cellular sites at which oxidative stress is generated
as supported by the higher activity of SOD in roots than in leaves
of Pb stressed plants. Similar results were also reported for two
populations of Rumex dentatus in which the resistant varieties had
higher SOD activities in the leaves [22,26]. Exposure to higher Cu
concentrations also resulted in significant rises in the activities of
SOD in Zea mays compared with the control [26]. Increase in SOD
activity may be linked to an increase in superoxide radical forma-
tion as well as to de novo synthesis of enzyme protein [36], which
in turn may be associated with an induction of genes of SOD by
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Fig. 4. Effect of Pb concentrations on (A) superoxide dismutase activity (SOD) and
on (B) catalase activity (CAT) in Zea mays seedlings treated with different concen-
trations of Pb for 1, 4 and 7d. All the values are mean of triplicates + SD. ANOVA
significant at p<0.01. Different letters indicate significantly different values at a
particular duration (DMRT, p <0.05).

superoxide-mediated signal transduction [37]. An increase in CAT
activity was also observed by Vitoéria et al. [38] for Raphanus sativus.
CAT is only present in peroxisomes, but it is indispensable for ROS
detoxification during stress, when high levels of ROS are produced
[39].

4. Conclusion

From our present result we conclude that Zea mays can accumu-
late a high amount of available Pb from the hydroponic medium,
however can translocate only a low amount in the upper part of
the plant. Pb accumulation resulted in oxidative stress but it was
efficiency controlled due to significant increases in antioxidants.
Hence, growth of seedlings was affected only to alow extent. So, this
plant can be grown in the Pb polluted area as a Pb indicator species,
but further study is required to check Pb concentration in the seeds
as to whether the translocation of metal is within permissible limits
or not for human use.
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