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Abstract: In the present study, the ecotoxicological effects of Lead nitrate is evaluated taking a locally cultivated pulse
crop Vigna mungo L. The effective concentration of the toxicant was determined taking in to consideration the
emergence of shoot. LCs, was found out to be about 380 mg/l. The germination data showed that there is direct impact of
concentration of lead nitrate on the germination of seeds. Root & shoot growth of seedlings was worst effected with
exposure to lead nitrate. Roots are more affected then the Shoot Morphologically they look different from normal roots
by their colour and shape. Effect of different concentration of lead nitrate was visible in different pigment concentration
of leaves. With increase in the concentration of the toxicant expose to the seeds there were decline in chlorophyll-a,
chlorophyll-b total chlorophyll, carotenoid and phaeophytin content of leaves. This was a clear indication of fall in the
growth rate of the plant, as a fall in the pigment content had direct impact on photosynthesis. There was increase in the
amino acid contents of roots and shoots with increase in the concentration of the toxicant. The impact of lead nitrate to
soluble sugar in seedlings showed a decrease within increase on the concentration of lead nitrate. It was found out that
there was increase in the DNA content of root and shoot tissues percentage change of DNA content shoot tissue was
marginally high to that of the control it was bit higher in the root tissues. The percentage change in the RNA content of
both the tissues showed an increasing trend. The change in the protein content of root and shoot tissue showed an
increasing trend was seen in both the tissue expose to the toxicant.

Keywords: Chlorophyll, lead nitrate, mung bean, seedlings, toxicity

INTRODUCTION:

Lead is one of the most common heavy metal
contaminant in the environment [1] and has gained
considerable importance as a potent environmental
pollutant in almost all. Excessive lead accumulation in
plant  tissue  impairs  various  morphological,
physiological, and biochemical functions in plants,
either directly or indirectly, and induces a range of
deleterious effects. It caused phytotoxicity by changing
cell membrane permeability, by reacting with active
groups of different enzymes involved in plant
metabolism and by reacting with the phosphate groups
of ADP or ATP, and by replacing essential ions. In
addition, lead strongly inhibits seed germination, root
elongation, seedling development, plant growth,
transpiration, chlorophyll production, and water and
protein content. The negative effects that lead has on
plant vegetative growth mainly result from the
following factors: distortion of chloroplast ultra-
structure, obstructed electron transport, inhibition of
Calvin cycle enzymes, and impaired uptake of essential
elements. Under lead stress, plants possess several
defense strategies to cope with lead toxicity. Such
strategies include reduced uptake into the cell;

sequestration of lead into vacuoles by the formation of
complexes; binding of lead by phytochelatins,
glutathione, and amino acids; and synthesis of
osmolytes. The major processes affected are seed
germination, seedling growth, photosynthesis, plant
water status, mineral nutrition, and enzymatic activities
[2] and the enzymes involved in those and lead
interferes with several physiological and biochemical
processes; photosynthesis being one of the most
affected.

The present work is designed to study the
effects of the heavy metal Pb on the growth and
photosynthetic efficiency, physiological and
biochemical aspects of a widely cultivated pulse Vigna
mungo L. (OUM 11-5 Kamdev) cultivated in the
Berhampur locality. This work is a part of the present
effort to review stress by different types of metal on
different plant species in this laboratory.

MATERIALS AND METHODS:
Test Organism:

The test organism for the present study is a
commonly cultivated pulse Vigha mungo L. The variety
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used in the present work is (OUM 11-5 Kamdev). Pure
seeds were procured from the Central Pulse Research
Station, OUAT, Ratanapur, and Berhampur. It is an
annual herb, usually cultivated after rice is harvested, in
the month of Nov-December and harvested in the
month of March-April. One of the purposes of choosing
the test organism is to consider the impact of roadside
pollution of Lead.

Test Chemical:

Lead Nitrate Pb (NOs3),, was used in the work was
of a guaranteed reagent from Thomas & Baker, India.
First stock solution of 1000mg/L was prepared by
taking 1gm of test chemical in 1litre of distilled water.
Subsequent dilutions were made using distilled water
and solutions of 100,150, 200, 250, 300, 350, 400, 500,
600, 700, 800, 900 mg/l were made. Fresh test solutions
were prepared each time experiments were performed.

Morphological Studies:
Growth of the seedlings was measured by taking the
root and shoot on the 7" day of inoculation.

Determination of LC .

LC 5 (Lethal Concentration 50%) was
calculated by the considering shoot emergence of Mung
bean seeds in test solutions of 100,150, 200, 250, 300,
350, 400, 500, 600, 700, 800, 900 and 1000mg/I
concentrations. Observations were presented in Table 1.
LC 5o values were calculated from data using HPSS
regression analysis. Pb(NQOz), of Concentrations
100mg/l, 300mg/1, 500mg/l, 700mg/I and 900mg/l were
taken for exposing the seeds and distilled water as
control and observations of different parameters and
recorded in the study.

Biochemical Studies:

The total chlorophyll (chl), chlorophyll-a (chi-
a), chlorophyll-b (chl-b) and caretonoid content was
measured by the method given by Arnon [3]. The
Phaeophytin content was measured by recording the
absorbance of the extract at 645, 663nm and the values
were calculated by using the formula given by Vernon
[4]. The amino acid content was determined by the
method of Moore and Stein [5]. Estimation of protein
was carried out following the method of Lowry et al.;
[6]. The DNA and RNA content was estimated by
following the method of Schneider [7]. The sugar
content was measured by method [8].

Statistical Analysis

Statistical analysis for determination of
Pearson’s correlation was carried out using SPSS 17.0,
while the tabulation and computation of the data was
made using MS Excel.

RESULTS:

A dose response curve was prepared to find
out the lethal concentrations of the test chemical (Fig.-
1). LCsq value was found out to be 460 mg/l.

Seedling Growth:

Data clearly indicated a sharp decline in the
root and shoot length of the seedlings. Ratio of Root &
Shoot lengths and their percent changes were given in
Fig. No.1 and 2. Decreasing trend was seen in the root
and shoot length corresponding to increase in
concentration of the test chemical.

There were visible morphological changes
seen in the roots which appeared different from that of
the control. Roots appeared to be swollen in higher
concentrations of test chemical and developments of
lateral roots were less in comparison to the control.

Pigment Contents:

Pigments viz. Chlorophyll-a, Chlorophyll-b, total
Chlorophyll  Phaeophytin and Carotenoids were
presented in Fig. No.3

There is significant decline in the chlorophyll-
a , chlorophyll-b and Total Chl.pigment with the
increase in the concentration of lead nitrate. The percent
change in the amount of chlorophyll-a of the exposed
seedlings of 100mg/l showed a fall by 52.67% of
control. The highest fall was recorded at the 900mg/I
exposure, a fall by 83.64% of the control in the
pigment. Effect of the toxicant on the contents in
comparison to that of the control and their percent
change against control.

Effects on the carotenoid and Phaeophytin
contents of the exposed seedlings showed clear trends
of decline in the carotenoid content with increase in the
concentration of test chemical.

Effects on the Biomolecules:

Effect of lead nitrate on the amino acid contents on
the root and shoot tissues are presented in Table No. -1.
There is an increase in the amino acid contents in
shoot and root of the seedlings with increase in the
concentration of toxicant except in the concentration of
700mg/l of Pb(NO3), .Mung seedlings growing in lead
nitrate treatment showed soluble sugar contents of root
and shoot tissues decreasing in comparison to the
control. DNA content of root tissues marginally
increase by 2.67, 27.33, 26.67 and 28 % to the control
value exposed lead nitrate. However there was decline
in the DNA content by 4% in the highest concentration
of 900mg/l of exposed mung bean seedlings. In the
control shoot DNA content was found out to be
0.014mg/g which marginally increased with increase in
the concentration of the test chemical. Highest amount
of DNA (0.155mg/g) was found in shoot tissue exposed
to 900mg/l of lead nitrate. There was increase in the
RNA content with increase in the concentration of lead
nitrate however a slight decline is observed in 500mg/I
and 700mg/l. A decrease in the RNA content by
35.13% was seen with exposure to 100mg/l but there
was an increase in the subsequent higher
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concentrations. Protein contents of root tissue and shows decline in the Protein content.
percentage change of the exposed tissue to that of the
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Fig 1: Dose response curve of percentage change of shoot emergence of Vigna mungo L. seeds treated with

different concentrations of lead nitrate on 7th day Shoot emergence.
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Fig 2: Histogram showing changes in the root & shoot length (in cm) of Vigna mungo L.
Seedlings of control and lead nitrate treated seeds.
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Fig 3: Effect of lead nitrate on change in the Chl-a, Chl-b, Total Chl., Carotenoid and Phaeophytin contents (in
mg/g) in leaves of Vigna mungo L. seedlings exposed to different concentrations of lead nitrate.

DISCUSSION:

Generally, Pb toxicity is associated largely
with roots of the plant as compared to other aerial parts
of the plant. This can be attributed to higher
accumulation of Pb in the cell walls of the root in
contrast to other parts of the plant [9-11]. Such growth
retardation might have been contributed by disturbances
in various physiological and biochemical processes [12,
9].

Hussain et al., [12] reported a continuous
decrease in germination (10—100 %) of Zea mays with
the increasing Pb concentration compared to the
control. Pb has been found to decrease the seed
germination in Arachis hypogeae [13, 14]. Pb
contamination in plant environment affects germination
of seeds and exerts deleterious effects on the growth
and metabolism of plants [13, 15-17]. The permeability
of lead through the seed coat and its impact on seed
germination was studied by Wierzbicka & Obidzinska
[18]. Results of the present investigation are in
accordance to the findings of the above works. In the
present study, chlorophyll-a, chlorophyll-b and total
chlorophyll content in the exposed leaves declined with
the increase in concentration of the lead nitrate. The
percent change in the total chlorophyll was from 2.65 —
1.004% is in confirmation to the data presented by
Zengin and Munzuroglu [19] & Singh et al.; [20].

Photosynthetic pigments (chlorophyll a and
chlorophyll b significantly. Chlorophyll contents are
reduced by high concentration of Pb, because Pb
prevents the incorporation of Fe (iron) in phyto
porphyrin ring of chlorophyll molecule, so cause

reduction in chlorophyll contents [21]. Reductions in
the level of photosynthetic pigments, including Chl-a,
Chl-b and carotenoids, after exposure to heavy metals,
including Pb, has been observed in many plant species
[22-24]. The reduction of Chlorophyll b was more than
overall Chlorophyll content. This can be associated with
the alteration in pigment composition of photosynthetic
approach that possesses lower level of light harvesting
chlorophyll  proteins the LHCPS [25, 26].
Photosynthesis in higher plants is more sensitive to
heavy metal treatments, affecting biosynthesis of
cholorphyll and accessory pigments [26-29]. It can be
assumed that lead may inhibit chlorophyll biosynthesis
by impairing the uptake of essential photosynthetic
pigment elements, such as magnesium, potassium,
calcium and in [23].

There might be increase or decrease in macro-
molecules of plant tissues exposed to toxicants [30]. In
the present study there was increase in soluble sugar,
DNA, RNA and protein contents and decrease in amino
acid contents. With exposure to lead DNA double
strand breaks, induced by reactive oxygen species can
lead to chromosome fragments. Earlier studies have
shown that Pb increases the free radical level in cells
[31]. Which has several deleterious effects on the
crucial macromolecule of cell such as DNA. Decline in
DNA and RNA content of Phaseolus vulgaris to lead
exposure was reported by Jana & Choudhuri [32],
Hamid et al., [33] who also found a decrease in DNA
and RNA content with heavy metal stress Elements
such as Cu, Ni, Cd and Pb have been reported to
decrease RNA synthesis and to activate ribonuclease
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(RNase) activity, leading to further decrease in RNA
content [34].

Pb alters the content of macromolecules
(proteins and carbohydrates) and activities of related
hydrolyzing enzymes. Singh et al.; [20] reported Pb-
induced increase in protein and carbohydrates content
in B. campestris roots. Suzuki et al.; [35] suggested that
these metal-induced proteins play a significant role
either in detoxification and/or in the maintenance of
heavy metal homeostasis. Kaur et al.; [36] correlated
the enhanced the contents of water soluble proteins and

carbohydrates with the reduced activities of proteases
and amylases in wheat radicle in a dose-dependent
manner after 24 hr of Pb exposure. Induction in protein
content is possible due to induction of stress proteins
[37] under lower metal exposure.). Kratovalieva and
Cvetanowska, [38] reported an increase in total sugars
in tomato under the influence of Pb. Increased
carbohydrates content indicated either failure of the
plant to hydrolyze carbohydrates or de-novo synthesis
of enhanced carbohydrates under Pb-stress. Many
studies showed that the protein content of plants was
decreased by Pb accumulation [22, 39- 41].

Table 1: The effect of lead on biochemical parameters of shoots and roots in Vigna mungo L Seedlings of 7- days

old

Amino acid,
Concentratio | mg/g Sugar, mg/g DNA ,mg/g RNA, mg/g Protein,mg/g
n of SHOO | ROO SHOO | ROO | SHOO | ROO | SHOO
Lead Nitrate | T T SHOOT | ROOT | T T T T T ROOT
0 (mg./l) 4.850 4500 | 2.707 3.797 0.140 0.150 | 1.950 2.335 | 6.110 4.205
100 (mg./l) 5.440 6.640 | 1.720 2.710 0.143 0.154 | 1.265 3.674 | 5.840 6.960
300 (mg./l) 7.330 8.815 | 2.006 2.852 0.144 0.191 | 4.150 3.892 | 7.320 7.460
500 (mg./l) 6.440 10.945 | 2.111 2.964 0.147 0.190 | 4.059 3.782 | 8.260 4.930
700 (mg./l) 7.280 10.635 | 1.890 2.794 0.143 0.192 | 4.638 3.624 | 7.340 5.920
900 (mg./l) 9.390 11.350 | 2.416 3.339 0.155 0.144 | 5.210 4.380 | 1.620 5.550
ACKNOWLEDGEMENTS: rice- Int. Rice Res. Inst. Los Banes, Philippines,

Authors are thankful to Principal, Khallikote
Autonomous College, Berhampur and HOD, Botany
Department for encouragement for research activity and
laboratory facilities.

REFERENCES:

1. Wantabe M.A; Phytoremediation- the brink of
commercialization. Env. Sci. Tec. 1997; 31:182-
186.

2. Patra M, Bhowmik N, Bandopadhyay B, Sharma
A; Comparison of mercury, lead and arsenic with
respect to genotoxic effects on plant systems and
the development of genetic tolerance. Environ.
Exp. Bot. 2004; 52: 199-223.

3. Arnon D.lI; Copper enzymes in isolated
chloroplasts polyphenol oxidase in Beta vulgaris.
Plant Physiol.1949; 24: 1-15.

4. Vernon L.P; Spectrphotometric determination of
Chlorophylls and Pheophytins in plant extracts.
Anal. Chem. 1960; 32: 1144-1150.

5. Moore S, Stein W.W; Photometric ninhydrin
method for use in the chromatography of amino
acids J. Bio. Chem. 1948; 176:367-388.

6. Lowry O.H, Rosenbrought N.J, Farr A.L, Randal
R.J; Protein Measurement with Folin Phenol
reagent., J. Biol. Chem. 1951; 193: 265-275.

7. Schneider W.C; Determination of nucleic acids of
tissues by pentose analysis. In: Methods
Enzymnology-Vol.3. (S.0.Colowick and N.O.
Kplan. Ed), Academic Press, Newn York, 1957;
680-684.

8. Yoshida S, Forno D.A, Cock J.H, Gomez K.A;
Laboratory manual for Physiological studies on

1972,
9. Sharma P, Dubey R.S; Pb toxicity in plants. Braz.
J. Plant Physiol. 2005; 17: 35— 52.
Kaur G, Singh H.P, Batish D.R, Kohli R.K; A time
course assessment of changes in reactive oxygen
species generation and antioxidant defense in
hydroponically grown wheat in response to lead
ions (Pb2+). Protoplasma 2012; 249:1091-1100.
Kumar P.B, Dushenkov V, Motto H, Raskin I;
Phytoextraction: the use of plants to remove heavy
metals from soils. Env. Sci. Tech. 1995; 29:
1232-1238.
Hussain A, Abbas N, Arshad F, Akram M, Khan
Z.1, Ahmad K, et al.; Effects of diverse doses of
Lead (Pb) on different growth attributes of Zea
mays L. Agri. Sci. 2013; 4:262-265.
Abraham K, Sridevi, R, Suresh B, Damodharam T;
Effect of heavy metals (Cd, Pb, Cu) on seed
germination of Arachis hypogeae L. Asian Journal
of Plant Science and Research , 2013; 3: 10—12.
Kaur G; Lead induced toxicity in plants: Effects on
growth, development, and biochemical attributes. J.
Global Biosciences 2014; 3: 881-889.
Gichner T, Patkova Z, Szakova J, Znidar I,
Mukherjee A; DNA damage in potato plants
induced by cadmium, ethyl methanesulphonate and
x-rays. Environ. Exp. Bot. 2008; 62:113-119.
Haluskova L, Valentoricova K, Hultova J, Mistrik
I, Tamas L; Effect of abiotic stress on glutathione
peroxidase and glutathione s-transferase activity in
barley root tips. Plant Physiol. Biochem. 2009; 47:
1069-1074.

10.

11.

12.

13.

14.

15.

16.

599




Samantra G et al., Sch. Acad. J. Biosci., July 2016; 4(7):595-600

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Preeti P, Tripathi A.K; Effect of heavy metals on
morphological and biochemical characteristic of
Albizia procera (Roxb.) Benth. Seedlings.
International. J. Environ. Sci. 2011; 1:1009-1018.
Wierzbicka M, Obidzinska J; The effect of lead on
seed inhibition and germination ion different plant
species, Plant Sci., 1998; 137:155-171.

Zenging F, Munzuroglu O; Effect of some heavy
metals on content of chlorophyll proline and some
antioxidant chemicals in bean (Phaseolus vulgaris
L. seedling). Act. Biologic. Cracoviencia 2005;
47:157-164.

Singh H.P, Kaur G, Batish D.R, Kohli R.K; Lead
(Pb)-inhibited radicle emergence in Brassica
campestris  involves alterations in  starch-
metabolizing enzymes. Biological Trace Element
Research 2011; 144: 1295-1301.

Nyitrai M, Szent-Gyorgyi A.G, Geeves M.A; A
kinetic model of co-operative binding of calcium
and ADP to scallop (Agropecten irradians) heavy
meromyosin. Biochem. J. 2002; 365: 19-30.

Mishra K.K, Rai U.N, Prakash O; Bioconcentration
and phytotoxicity of Cd in Eichhornia crassipes.
Environ. Monit. Assess. 2007; 130: 237-24.
Piotrowska A, Bajguz A, Godlewska B, Czerpak R,
Kaminska M; Jasmonic acid as modulator of lead
toxicity in aquatic plant Wolffia arrhiza
(Lamnaceae). Environ. Exp. Bot. 2009; 66: 507—
513.

Singh R, Tripathi R.D, Dwivedi S, Kumar A,
Trivedi P.K, Chakrabarty D; Lead bioaccumulation
potential of an aquatic macropyte Najas indica are
related to antioxidant system. Bioresour. Technol.
2010; 101:3025-3032.

Loggini B, Scartazza A, Brugnoli E, Navari-1zzo F;
Antioxidant defense system, pigment composition
and photosynthetic efficiency in two wheat
cultivars subjected to drought. Plant Physiol. 1999;
119: 1091-1099.

Gill S.S, Khan N, Tuteja N; Cadmium at high dose
perturbs growth, photosynthesis and nitrogen
metabolism while at low dose it up regulates
sulphur assimilation and antioxidant machinery in
garden cress (Lepidium sativum L.). Plant Sci.
2012; 182:112-120.

Mobin M, Khan N.A; Photosynthetic activity,
pigment composition and antioxidative response of
two mustard (Brassica juncea) cultivars differing in
photosynthetic capacity subjected to cadmium
stress. J. Plant. Physiol. 2007; 164:601-610.
Ahemad M, Khan M.S; Effect of insecticide-
tolerant  and plant ~ growth  promoting
Mesorhizobium on the performance of chickpea
grown in insecticide stressed alluvial soils. J. Crop
Sci. Biotechnol. 2009; 12: 213-222.

Igbal N, Masood A, Nazar R, Syeed S, Khan N.A;
Photosynthesis, growth and antioxidant metabolism
in mustard (Brassica juncea L.) cultivars differing
in cadmium tolerance. Agri. Sci. China 2010; 9:
519-527.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Malla L, Mohanty B; Effect of papermill effluent
on germination of green gram (Phaseolus aureus
Roxb.) and growth behavior of its seedlings. J.
Env. Biol. 2005; 26: 379-382.

Weckx J.E.J, Clijster H.M.M; Zn phytotoxicity
induces oxidative stress in primary leaves of
Phaseolus vulgaris. Plant Physiol. Biochem. 1997;
35: 405-410.

Jana S, Choudhuri M.A; Synergistic effects of
heavy metal pollutants on senescence in submerged
aquatic plant. Water, Air & Soil Pollut, 1984; 21.:
351-357.

Hamid N, Bukhari N, Jawaid F; Physiological
responses of Phaseolus vulgaris to different lead
concentrations. Pak. J. Bot. 2010; 42: 239-246.
Schmidt W; Influence of chromium (lll) on root
associated Fe (lll) reductase in Plantago Isnceolata
L. J. Exp. Bot., 1996; 47: 805-810.

Suzuki N, Yamaguchi Y, Koizumi N, Sano H;
Functional characterization of a heavy metal
binding protein Cd19 from Arabidopsis. The Plant
Journ. 2002; 32:165-173.

Kaur G, Singh H.P, Batish D.R, Kohli R.K; Lead
(Pb)-inhibited early root growth in wheat
involvesalterations in associated biochemical
processes N Save Nature to Survive 2001; 5: 433-
435.

Srivastava S, Mishra S, Dwivedi S, Baghel V.S,
Verma S, Tandon P.K, et al.; Nickel
phytoremediation potential of broad bean Vicia
faba L. and its biochemical responses. Bull. Env.
Cotam. Toxicol. 2005; 74:715-724.

Kratovalieva S, Cvetanovska L; Influence of
different lead concentrations to some morpho-
physiological parameters at tomato (Lycopersicon
esculentum Mill.) in experimental conditions.
Macedonian Agricultural Review, 2001; 48: 35-41.
Mohan B.S, Hosetti B.B; Potential phytotoxicity of
leaf and cadmium to Lemna minor grown in
sewage stabilization ponds. Environ. Pollut. 1997;
98: 233-236.

Pourrut B, Shahid M, Dumat C, Winterton P.E;
Lead Uptake, Toxicity, and Detoxification in
Plants, Reviews of Env. Contam. And Toxicol.
2011; 213: 113-136.

Garcia J.S, Gratao P.L, Azevedo R.A, Arruda M;
Metal contamination effects on sunflower
(Helianthus annuus L.) growth and protein
expression in leaves during development. J. Agric.
Food Chem. 2006; 54: 8623-8630.

600



