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Abstract

The effect of deleterious concentration of zinc and copper provided either individually orin combination in the
nutrient media was investigated in order to assess the effect of metal interaction in Vigna mungo (L.). Both
metals showed negative effect and led to a marked decrease in seed germination (20%), seedling growth
(91.7%) and nitrate reductase activity (85.7% ) with the increase in metal concentrations. The present study
also emphasizes on the response of catalase and peroxidase enzyme under zinc and copper stress. Both
antioxidant enzymes exhibited an increasing trend under different treatment conditions but it was reverse at
highly toxic metal concentration. The results showed active involvement of peroxidase enzyme in regulating
oxidative stress rather than catalase enzyme, as the specific activity of peroxidase enzyme gotincreased by
8.94% under the combined metals stress whereas catalase activity got declined by 60.97% in comparison
to control due to excessive stress. The combined effect of copper and zinc metal was more pronounced in

comparison to theirindividual effects.
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Introduction

Heavy metals are of great interest for research purpose
with respect to toxicological importance to human health, plants and
animals (Azevedo and Lea, 2005; Jarup, 2003; Almeida et al.,
2007). Due to rapid industrialization, urbanization and intensive
agriculture increasing contamination of heavy metals in soil has
become a major concern. Excessive level of heavy metals in the
soil environment adversely affect the germination of seeds, plant
growth, alter the level of biomolecules in the cells and interfere with
the activities of many key enzymes related to normal metabolic and
developmental processes (Ahsan et al., 2007; Kuriakosa and
Prasad, 2008; Kachout et al., 2009; Zhang et al., 2009; Rahoui et
al., 2010). Seedis a stage in life cycle of plant that is well protected
against various stresses. However, after imbibition and subsequent

vegetative developmental processes, they become stress sensitive
(Li et al., 2005) especially if the crop is grown in the vicinity of heavy
industries particularly in developing countries (Bi et al., 2006; Ona
etal.,2006). Heavy metals have high affinity to sulfydryl groups
and disulfide bonds which cause damage to secondary structure of
proteins and alter the enzymatic activities (Siediecka and Krupa,
2002). The mechanism of action lies in their ability to form strong
bonds with bases and phosphates of nucleic acids. They compete
with other divalent cations and replace them in their physiological
roles (Tabaldi et al., 2007). Further action of heavy metals is due to
generation of reactive oxygen species and induction of oxidative
stress (Schutzendubel and Polle, 2002). When plants are subjected
to any biotic or abiotic stress it results in production of reactive
oxygen species such as superoxide anion radical (O,),
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hydrogen peroxide (H,0,), hydroxyl radical (OH") and singlet oxygen
(Jung, 2004; Malekzadeh et al., 2007). To counter the deleterious
effect of reactive oxygen species plants have evolved various
enzymatic and non-enzymatic antioxidant systems which protect the
plants from their toxic action (Foyer et al., 1994; Boscolo et al., 2003;
Shreedevi et al., 2008). Metal pollution is a multielement problem, in
many cases, itis more appropriate to study the combined effect of sub-
toxic and toxic concentration of heavy metals. The effect of combined
heavy metals on plants may be quite different from those of individual
pollutants due to interaction between heavy metals. Both, copper and
zinc metal are essential mineral elements for plant growth but at high
concentration these are highly toxic to plants. Distribution of heavy
metals in plants depends upon availability and concentration of heavy
metal as well as particular plant species. India has been the largest
producer, consumer and importer of pulses because pulses
dominantly constitute the staple diet of the people in India. InIndia, the
production of black gram hovers around 1.3 to 1.5 million tons annually.
Therefore, in this study attempt has been made to investigate the
individual and combined effect of copper sulphate and zinc sulphate
onseed germination, seedling growth, nitrate reductase and antioxidant
enzymes activity in black gram, Vigna mungo.

Materials and Methods

Seeds of Vigna mungo (L.) Hepper Cv. T-9 (black gram)
was obtained from National Seed Corporation Unit, L A.R.l., PUSA,
New Delhi. Healthy seeds of uniform size were sorted and sterilized
with 0.1% HgCl, solution for 5 min and washed with distilled water.
Then, seeds were germinated in petriplates containing Whatman
filter paper No. 1, moistened with Arnon and Hoagland media
(Control). Copper was added to the nutrient solution at concentration
0.05,0.1and 0.2 mM as CuSO,.5H,0, Zinc as 0.25, 0.50, 1.00
and 1.50 mM of ZnSO,.7H,0 and a mixture of CuSO,.5H,0 and
ZnS0,.7H,0 at different concentrations (Table 1).

Sterile conditions were maintained by adding 20 g ml-! of
streptomycin sulphate in the medium to suppress microbial growth.
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All experiments were carried out for 8 days at 28+2°C in alternate
light and dark period of 8 and 16 hr respectively under the light
intensity of 120 umolms™. Seed germination (24,48 and 72 hr)
and seedling growth activities (plumule and radicle length) were
observed at 4,6 and 8™ day.

Enzyme assay: Seedlings were taken on 2,4,6 and 8" day and
washed thoroughly with distilled water. The extraction media and
assay procedure for various enzymes were as described by
Srivastava (1975) for nitrate reductase, by Abei (1984) for catalase
and by Pundir et al. (1999) for peroxidase.

Statistical analysis: Statistical analysis was done by using Microsoft
excel and Graphpad prism 5.0 software. All the experiments were
conducted in triplicates. The obtained data were statistically analysed
forthe mean £SD and difference between the control and treated
plants were analyzed by one way ANOVA taking p<0.05 as significant
level according to Dunnett’s multiple comparison test.

Results and Discussion

Effect on seed germination: The inhibitory effect of copper and
zinc is apparent at the concentration of 0.1 and 0.50 mM respectively.
But, the effect is more severe when copper and zinc were combined
together as shown in Fig. 1. Maximum reduction has been noticed
at0.2mM CuSO, +1.50 mM ZnSO, causing 20% decrease in rate
of seed germination. It was followed by 1.50 mM ZnSO, which
resulted in 17% reduction in seed germination. Itis obvious from the
result of presentinvestigation that seed germination under different
treatment conditions were affected by the presence of both copper
and zincions in such away that the rate of germination was retarded
with increasing concentration. This decrease was significant at all
the concentrations when compared to the control condition.
Moreover, results showed that heavy metals have induced delayed
response in case of germination because the number of seeds
germinated after 24 hris less in comparison to those which were
noticed after 48 and 72 hr. These results are in agreement with the
findings of Burhan et al., 2001; Munzuroglu and Geckil, 2002;

Table - 1: Effect of copper and zinc on plumule and radicle length (mm) in Vigna mungo (L.)

Concentration (mM) Plumule length

Radicle length

CuSO,5H,0 ZnSO,.7H,0 4 d 6" d 8" d 4 d 6" d 8" d

00 00 15564073 3323160  6060+221  3260+320 3580056  39.06+0.30

005 00 1323£0.60"  20.50+075™  27.30£090™*  17.30£1.40**  30.36070™  37.60+2.30

041 00 11.10£036™  17.93:090"™  21.10£160™*  1260£1.00"*  22.80+020"* 25764090
02 00 790 £173%  1010£026™  11.13:265™  1200£130"* 1223035  14.06+0.20""
00 025 14204060  17.50£205™  24.00£260"*  2630£2.10**  37.06+1.10  38.00+0.60

00 050 9.60 £0.62  14.60£1.20"  1840£091"*  1530+140"*  20.96£1.28"* 3040+ 0.75"
00 100 726 £045™  943+073™  1330£167"  1460£010* 2250+ 115" 2440096
00 150 6.30 £0.36™ 810+020™  1060£0.35"*  13.30£090"*  14.33£161™ 1563077
02 025 6.30 £0.55 7.46+015™  836+025"  7.03£0.15™  740£026"*  7.60 +090"
02 050 530 £040™  596+025™  7.23+025" 660 £120™ 643047  7.06+020™
02 100 360 £0.30™  396+0.15™  503+025" 443 £056™  510£045™ 523 £020
02 150 303 £0.25 346 £015™  356+0.15" 430 £020"  463:035™ 463 £045™

Values are mean of three replicates + SD, *,** and *** indicate significant difference from the control at p< 0.05, p< 0.01 and p< 0.001
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Table - 2: Effect of copper and zinc on specific activity of nitrate reductase enzyme (umol NO,. g™.f.wt..hr" mg” protein) in Vigna mungo (L.)
Concentration (mM) Specific activity of nitrate reductase

CuS0,.5H,0 ZnS0,.7H,0 2 d 4 d 6" d 8hd

0.0 0.0 6.108 £0.22 8.406 +0.52 16.295+1.99 21.717+0.67
0.05 0.0 4.402 £0.05 6.593 +1.31 10.376 £ 1.11 13.987 +£0.09
0.1 0.0 4.040£0.23 6.371+0.59 9.110+0.73 12.468+0.10
0.2 0.0 1.975+0.05 4.725+0.34 3.530 £0.36 10.749+0.17
0.0 0.25 5.911+0.27 6.201+0.90 10.124+2.13 14.802+1.55
0.0 0.50 4.986 £0.55 6.008 £0.20 9.747 £0.94 14.073+1.85
0.0 1.00 4925+1.25 5.998 +0.96 9.094 +£0.57 13.027 £2.58
0.0 1.50 3.615+0.14 5.681+0.92 8.754 £2.50 10.067+1.73
0.2 0.25 3.002+0.28 4.418£0.14 5.507 £0.09 5.889+0.61*
0.2 0.50 2.540 £0.36 3.912+0.04 5.359 + 0.53 4.177 £ 0.85*
0.2 1.00 2.310£0.09 3.878 £0.56 4.741£1.15 4.040 + 0.34*
0.2 1.50 2.018+£0.87 3.532+0.10 4.020 £0.74 3.606 +1.01*

Values are mean of three replicates + SD, *, ** and *** indicate significant difference from the control at p< 0.05, p<0.01 and p< 0.001

Table - 3: Effect of copper and zinc on specific activity of catalase and peroxidase enzyme (mm H,0, decomposed min-'.g™'.f.wt. mg! protein)

in Vigna mungo (L.)

Concentration (mM) Specific activity of catalase

Specific activity of peroxidase

CuSO,. ZnsO,.

SHO  THO 2 4nd 6" d 2 4nd 6" d 8" d

00 00 0.505+0.01 0.945+006 1.278 009 0674005 7.945 +0.53 9.688+040 12310+ 261 15748+ 2.98
005 0.0 0.560 +0.01 0.639+0.04 0.546+001 03650.04* 14141024 19564+ 144 21244+ 119 15363 +2.28
0.1 0.0 0.617+0.12 0.819+005 0.679+003 04112003 18202+092 23813058 18181+ 167 11.9180.52
02 00 0.601+0.24 0.742+004 0461+003 0417 £0.02° 7.981 +0.51 18852094 9.245+035 8838+ 1.45

00 025 0571+0.03 0.438+003 0.372+002 0.268+0.05" 14.254+015 14.485+204 18.015+093 13613 151
00 050 0509 +0.09 0.434+006 0.324+002 0179:002* 19.706+0.35 19310+ 064 20302106 17.580  1.22
0.0 1.00 0273+0.03 0.394+0.11 0.304%006 0084:0.00" 25695+287 26.716+293 22451+ 123 24412+ 261
0.0 1.50 0.263+0.02 0.247 000 0.202+000 0073001 17.693+129 24.967+217 32745+ 347 17.979+2.00
02 025 0.469 +0.02 0.513+ 001 0.441+001 0348 0.03* 17.076+1191 17124071 15631£0.74 18.666 + 1.66
02 050 0.460 + 0.03* 0.528 + 0.02 0.201£0.02 0306:0.03* 2.110+060 13749+ 070 16489+ 056 18.212+ 1.05
0.2 1.00 0.407 + 0.02* 0.335£0.00 0.279+0.03 0298003 11.165+033 10706+ 0.86 14.849% 0.74 17.564  1.05
0.2 150 0.253 + 0.01* 0.286 £0.01* 0.271£0.02 0263:0.02* 9.657 +3.08 10129+ 053 14.999+ 440 17.157 +2.25

Values are mean of three replicates £ SD, *, ** and *** indicate significant difference from the control at p<0.05, p<0.01 and p< 0.001

EL-Ghamery et al., 2003; Shri et al., 2009. lonic toxicity may be the
cause of drastic effects of heavy metal salts on seed germination or
it could be due to osmotic effect (Shaukat et al., 1999). Reduction of
seed germination can also be attributed to the alterations of selection
permeability properties of cell membrane (Muhammad et al., 2008).

Effect on seedling growth: Copper and zinc had showed
inhibitory effect on seedling growth. Both, root and shoot length
were significantly reduced. Combined effect of both copper and zinc
was synergistic on seedling growth and caused severe reduction
as shownin Table 1. The longest plumule and radicle length was
observed under control conditions. There was a marked difference
in radicle and plumule length at varying concentration of CuSO,
and ZnSO, and reduction increased with increase in concentration
of heavy metal stress. The shortest plumule and radicle length was

observedin case of 0.2mM CuSO, +1.50 mM ZnSO,. There was
94.06 and 84.14% reduction in plumule and radical length,
respectively. The inhibition was stronger in roots than in the shoot
because the plant roots are first point of contact with these toxic
heavy metal species in the nutrient media. Reduced root and shoot
length in response to heavy metal has been reported by a number
of investigators (Nag et al., 1989; Zhenguo et al., 1998; Tomulescu
et al., 2004; Zhang et al., 2009; John et al., 2009). The reduction
in seedling growth during stress may be due to low water potential,
hampered nutrient uptake and secondary stress such as oxidative
stress (John et al., 2009). The reason for reduced seedling growth
under metal treatment could be the reduction in meristematic cells
present in this region and some enzymes present in cotyledons and
endosperm. During seedling growth hydrolysis of food reserves
takes place which is carried out by hydrolytic enzymes. So, the
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Fig. 1: Effect of copper and zinc on seed germination behaviour of seeds in Vigna mungo (L.)

activities of hydrolytic enzymes might be affected and the food did
not reach to the radicle and plumule leading to the reduction in
seedling growth. Similar observations have been made by several
authors under various stressful conditions including metal toxicity
(Mihoub et al., 2005; Ahsan et al., 2007; Kuriakosa and Prasad,
2008).

Effect on enzymes: Nitrate reductase activity was significantly
reduced under treatment with copper and zinc. The inhibition was
more pronounced with copper treatment as presented in Table 2.
Aninhibitory effect of ZnSO, and CuSO, on nitrate reductase activity
began to be apparent at a concentration of 0.25 and 0.05 mM,
respectively. Both copper and zinc showed negative effect on nitrate
reductase activity and led to 85.47% reduction in specific nitrate
reductase activity at the level 0.2 mM CuSO, + 1.50 mM ZnS0,.
These results agree with the findings of Luna et al., (1997 and 2000);
Panda and Choudhury (2005). It indicates that even alow level of
zinc and copper inactivate nitrate reductase enzyme. The toxic
concentration of copper and zinc decrease the amount of protein-SH
groups and induce membrane alterations as suggested by Luna et
al., (1997) and Brune et al., (1995). It has been reported that NR
activity depends upon active photosynthesis or production of
photosynthates as it requires photosynthetically generated reductant
and energy. Hence, reduction in NR activity could be due to reduced
photosynthesis as a result of inhibition of chlorophyll biosynthesis (Rai
et al., 2004).

To mitigate and repair the damage initiated by reactive
oxygen species the induction of the activities of a particular group of
enzymes i.e., antioxidant enzymes play an important role in the
cellular defense strategy against oxidative stress caused by toxic
heavy metal concentrations. The specific activity of catalase and
peroxidase enzyme in Vigna mungo (L.) Hepper when subjected
to copper and/or zinc stress are presented in Table 3. Avariation in
activity of both catalase and peroxidase enzyme has been noticed
with respect to heavy metal concentration and time. The increased
catalase activity at germination stage may be an adaptive response
because the roots emerge out in an environment already under
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stress. But, lateron the enzyme was not able to resist heavy metal
toxicity. Catalase being photosensitive needs constant fresh synthesis
(Feierabend et al., 1992). Proper sequestration of heavy metals at
germination stage probably prevented copper and zinc from inhibiting
the enzymatic activity but at seedling stage there was decline in
catalase activity by 60.97%. It might be due to inhibition of enzyme
synthesis or change in enzymatic confirmation (Sreedevi et al.,
2008). Inadequate response of catalase activity to heavy metal was
compensated by the increased activity of peroxidase enzyme. It
seems to be important in resisting oxidative stress induced by zinc
and copper in Vigna mungo (L.) Hepper. Anincrease in activity of
peroxidase in response to zinc and/or copper suggests the active
participation of the enzyme in scavenging reactive oxygen species
under stressed conditions. On 8™ day, there was 8.94% increase
in specific activity of peroxidase enzyme at 0.2 mM Cu + 1.50 mM Zn
treatment level. But, itis difficult to counteract the stress above a
certain limit. Therefore, decreased antioxidant enzymes activity under
highly stressed condition may be the result of imposition of oxidative
stress i.e., imbalance in generation and metabolism of reactive
oxygen species (Luna et al., 1994; Panda and Patra, 1998;
Cakmak, 2000; Shah et al., 2001; Rai et al., 2004). The results
showed the severity of metal induced oxidative stress. The study
has concluded that copper and zinc in combination is more harmful
in comparison to theirindividual effects.

Acknowledgments

Authors are thankful to Department of Science and Technol-
ogy, Govt. of India, New Delhi, for their financial support and Depart-
ment of Environmental Sciences, M. D. University, Rohtak for all
provided facilities.

References

Abei, H.E.: Catalase in vitro. Methods Enzymol., 105, 121-126 (1984).

Ahsan, N., D.G. Lee, S.H. Lee, K.Y. Kang, J.J. Lee and P.J. Kim: Excess
copper induced physiological and proteomic changes in germinating
rice seeds. Chemosphere, 67, 1182-1193 (2007).



Metal induced changes in Vigna mungo physiology

Almeida, A.F., R.R. Valle, M.S. Mielke and F.P. Gomes: Tolerance and
prospection of phytoremediator woody species of Cd, Pb, Cu and
Cr. Braz. J. Plant Physiol., 19, 83-98 (2007).

Azevedo, R.A. and P.J. Lea: Toxic metals in plants. Braz. J. Plant Physiol.,
17, 1 (2005).

Bi, X., X. Feng, Y. Yang, G. Qui, G. Li, F. Li, T. Liu, Z. Fu and Z. Jin:
Environmental contamination of heavy metals from zinc smelting
areas in Hezhang County, Western Guizhou, China. Environ. Int.,
32, 883-890 (2006).

Boscolo, P.R.S., M. Mennosi and R.A. Jorge: Aluminium-induced oxidative
stress in maize. Phytochem., 62, 181-189 (2003).

Brune, A., W. Urbach and K.J. Dietz: Differential toxicity of heavy metals is
partly related to a loss of preferential extraplasmic compartimentation:
a comparison of Cd, Mo, Ni and Zn series. New Phytol., 129, 403-409
(1995).

Burhan N., S. S. Shaukat and A. Tahira: Effect of zinc and cobalt on
germination and seedling growth of Pennisetum americanum (L.)
Schumann and Parkinsonia aculeate L. Pak. J. Biol. Sci., 4, 575-580
(2001).

Cakmak, |.: Possible role of zinc in protecting plant cells from damage by
reactive oxygen species. New Phytol., 116, 185-205 (2000).
El-Ghamery, A.A., M.A. El-Kholy and M.A. Abou El-Yousser: Evaluation of
cytological effects of Zn? in relation to germination and root growth of
Nigella sativa and Triticum aestivum L. Mutation Res., 537, 29-41

(2003).

Feierabend, J., C. Schaan and B. Hertwig: Photoinactivation of catalase
occurs under both high and low temperature stress conditions and
accompanies photoinhibition of photosystem II. Plant Physiol., 100,
1554-1561 (1992).

Foyer, C.H., M. Lelandies and K.J. Kunert: Photo-oxidative stress in
plants. Physiol. Plant., 92, 696-717 (1994).

Jarup, L.: Hazard of heavy metal contamination. Braz. Med. Bull., 68, 167-182
(2003).

John, R., P. Ahmad, K. Gadgil and S. Sharma: Heavy metal toxicity: Effect
on plant growth, biochemical parameters and metal accumulation by
Brassica juncea L. Int. J. Plant Prod., 3, 65-76 (2009).

Jung, S.: Variation in antioxidant metabolism of young mature leaves of
Arabidopsis thaliana subjected to drought. Plant Sci., 166, 459-466
(2004).

Kachout, S.S., J.C. Leclerc, A.B. Mansoura, M.N. Rejeb and Z. Ouerghi:
Effects of heavy metals on growth and bioaccumulation of the annual
halophytes Atriplex hortensis and A. rosea. J. Appl. Sci. Res., 5,
746-756 (2009).

Kuriakosa, S.V., M.N.V. Prasad: Cadmium stress affects seed germination
and seedling growth in Sorghum bicolor (L.) Moench by changing
the activities of hydrolyzing enzymes. Plant Growth Regul. 54,143-
156 (2008).

Li, W., M.A. Khan, S. Yamaguchi and Y. Kamiya: Effects of heavy metals
on seed germination and early seedling growth of Arabidopsis thaliana.
Plant Growth Regul., 46, 45-50 (2005).

Luna, C.M., L.M. Casano and V.S. Trippi: Inhibition of wheat nitrate reductase
activity by zinc. Biologia Plantarum, 43, 257-262 (2000).

Luna, C.M., L.M. Casano and V.S. Trippi: Nitrate reductase is inhibited in
leaves of Triticum aestivum treated with high levels of copper.
Physiologia Plantarum, 101, 103-108 (1997).

Luna, C.M., C.A. Gonzalez and V.S. Trippi: Oxidative damage caused by
an excess of copper in oat leaves. Plant Cell Physiol., 35, 11-15 (1994).

Malekzadeh, P., J. Khara and S. Farshian: Copper toxicity influence on
antioxidant enzymes activity in tomato plants and role of Arbuscular
mycorrhizal fungus, Glomus etunicatum in the tolerance of toxicity.
Pak. J. Biol. Sci., 10, 2008-2013 (2007).

Mihoub, A., A. Chaoui and E.E. Ferjani: Biochemical change associated
with cadmium and copper stress in germinating pea seeds (Pisum
sativum L.). C.R. Biol., 328, 33-41 (2005).

Muhammad, S. I., M. Zafar and A. Mohammad: Effect of lead and cadmium
on germination and seedling growth of Leucaena leucocephala. J.
Appl. Sci. Environ. Manage., 12, 61-66 (2008).

751

Munzuroglu, O. and H. Geckil: Effects of metals on seed germination, root
elongation and coleoptile and hypocotyls growth in Triticum aestivum
and Cucumis sativus. Arch. Environ. Contam. Toxicol. , 43, 203-213
(2002).

Nag, P., P. Nag, AK. Paul and S. Mukherji: The effects of heavy metals,
Zn and Hg, on the growth and biochemical constituents of mungbean
(Vigna radiata) seedlings. Bot. Bull. Academia Sinica, 30, 241-250
(1989).

Ona, L.F., A.M. Alberto, J.A. Prudente and G.C. Sigua: Levels of lead in
urban soils from selected cities in a central region of the Philippines.
Environ. Sci. Pollut. Res., 13, 177-183 (2006).

Panda, S.K. and H.K. Patra: Alteration of nitrate reductase activity by
chromium ions in excised wheat leaves. Ind. J. agr. Biochem., 11,
56-57 (1998).

Panda, S.K. and S. Choudhury: Changes in nitrate reductase activity and
oxidative stress response in the moss Polytrichum commune
subjected to chromium, copper and zinc phytotoxicity. Braz. J.Plant
Physiol., 17, Doi: 10.1590/s1677-04202005000200001 (2005).

Pundir, C.S., V. Malik, A.K. Bhargava, M. Thakur, V. Kalia, S. Singh and
N.K. Kuchhal: Studies on horseradish peroxidase immobilized onto
arylamine and alkylamine glass. J. Plant Biochem. Biotech., 8,
123-126 (1999).

Rahoui, S., A. Chaoui and E. El. Ferjani: Reserve mobilization disorder in
germinating seeds of Vicia faba L. exposed to cadmium. Journal of
Plant Nutrition, 33, 809-817 (2010).

Rai, V., P. Vajpayee, S. N. Singh and S. Mehrotra: Effect of chromium
accumulation on photosynthetic pigments, oxidative stress defence
system, nitrate reduction, proline level and eugenol content of Ocimum
tenuiflorum L. Plant Science, 167, 1159-1169 (2004).

Schiitzendiibel, A. and Polle A.: Plant responses to abiotic stresses: Heavy
metal-induced oxidative stress and protection by mycorrhization. J.
Exp Bot., 53, 1351-65 (2002).

Shah, K., R.G. Kumar, S. Verma, R.S. Dubey: Effect of cadmium on lipid
peroxidation, superoxide anion, germination and activities of
antioxidant enzymes in rice seedlings. Plant Sci., 161, 1135-1144
(2001).

Shaukat, S.S., M. Mushtaq and Z.S. Siddiqui: Effect of cadmium, chromium
and lead on seed germination, early seedling growth and phenolic
contents of Parkinsonia aculeate L. and Pennisetum americanum
(L.) Schumann. Pak. J. Biol. Sci., 2, 1307-1313 (1999).

Shri, M., S. Kumar, D. Chakrabarty, P.K. Trivedi, S. Mallick, P. Mishra, D.
Shukla, S. Mishra, S. Srivastava, R.D. Tripathi and R. Tuli: Effect of
arsenic on growth, oxidative stress and antioxidant system in rice
seedlings. Ecotoxicol. Environ. Saf., 72, 1102-1110 (2009).

Siedlecka, A. and Z. Krupa: Functions of enzymes in heavy metal
treated plants. In: Physiology and biochemistry of metal toxicity
and tolerance in plants (Eds.: M.N.V. Prasad and K. Strazalka).
Dordrecht, Hingham, MA: Kluwer Academic Publishers. pp. 303-
324 (2002).

Sreedevi, S., P.N. Krishnan and Pushpangadan: Cadmium induced
oxidative stress and antioxidant responses in roots of black
gram [Vigna mungo (L.) Hepper]. Ind. J. Plant Physiol., 13, 1-
7 (2008).

Srivastava, H.S.: Distribution of nitrate reductase in aging bean seedlings.
Plant Cell Physiol., 16, 995-999 (1975).

Tabaldi, L.A., R. Ruppenthal, D. Cargnelutti, V.M. Morsh, L.B. Pereira and
M.R.C. Schetinger: Effects of metal elements on acid phosphatase
activity in cucumber (Cucumis sativus L.) seedlings. Environ. Exp.
Bot., 59, 43-48 (2007).

Tomulescu, I.M., E.M. Radoviciu, V.V. Merca and A.D. Tuduce: Effect of
copper, zinc and lead and the combination on germination capacity
of two cereals. J. Agric. Sci., Debrecen, 15, 39-42 (2004).

Zhang, H., C. Lian and Z. Shen: Proteomic identification of small, copper-
responsive proteins in germinating embryos of Oryza sativa. Ann.
Bot., 103, 923-930 (2009).

Zhenguo, S., F. Zhang and F. Zhang: Toxicity of copper and zinc in
seedlings of mung bean and inducing accumulation of polyamine. J.
Plant Nutrition, 21, 1153-1162 (1998).

Journal of Environmental Biology o November 20110



