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GENOTOXIC EFFECTS OF LEAD NITRATE ON PEA PLANT

RK. SENGUPTA and P. GHOSH

Cytogenetics and Tissue Culture Laboratory, Departinent of Botany, University of Kalyani, Kalyani 741 235,

Nadia, West Bengal, India.

Cytogenetical effects of lead nitrate were investigated through seed soak treatment of Pisum sativum L. Effects
were steadily increased with the increase in dose and duration. The probable mechanism resposible for
producing chromosomal anomalies and phenotypic alterations have been discussed in detail. Effects were
diluted in successive generation but it is difficult to interprete that it is entirely safe from genotoxic point. The
appearance of chromosome breakage, cytomiotic cells and anaphasic bridges that chemical can affect genetic
recombination which may lead to loss of important factors or gain undesirable characters. It can be concluded
that lead nitrate is a cytotoxic chemical mutagen reduces plant growth as well as yield.
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Imtroduction

Mietals and their compounds form a major
component which pollute soil, water, air in
maior cities in India. Heavy metals have for
lomg been known to be important constituent
of aerosol causing air pollution. The
mmsagenic effects of heavy metals and their
saits have been reported in certain animal and
gliane system'*. Chromosome damage is an
«fficaent reliable and economical criterian to
messare genetic toxicity. The objective of
e present paper is to examine the genotoxic
sifiecss of lead nitrate on pea plant.

Mistierial and Methods

Sl seeds of Pisum sativum L. in each set were
pemed with 10°M, 10°M, 10°M, 10°M
smmcznration of Pb(NO,), solution for 2,4
i § howrs respectively. They were grown
\muiivndinzlly in experimental field, Department
sl By, University of Kalyani and sown
i e limes keeping a distance of 15 cm
Iieswesm $he plants and 25 cm between the
{fimme=s il 1m the randomised block design for
st ser of weatments. The germination
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percentage was recorded in each along with
the control. The rate of induced variabilities
of quantitative characters in M, and M,
generation was analysed statistically. For
meiotic study, the flower buds of suitable
size from the treated and control plants were
fixed in Carnoy’s fluid (Abs. alcohol :
Chloroform : Glacial acetic acid - 6:3:1) and
smeared in 2% aceto carmine solution.
Photomicrographs were taken from the
suitable plates.

Results and Discussion

a. Effect on germination : The Pb(NO,),
induced lethality for different concentration
on the pea seeds was presented in the table
(Table 1). In this experimental set the lower
concentration did not affect the germination
percentage and restored survival ability upto
maturity as compared to the control. The
effects were found to vary with the time and
Seed
germinability at different concentrations
(10°M, 10*M, 10°M, 10?M) for 6 hours

concentration of treatments.
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duration of treaement showed 38.66, 29.33,
29.83, 21.66 percent respectively whereas
the percentage of germination in the control
set was higher i.e. 82.26 percent.

b. Phenotypic effects of Pb(NO ), toxicity on
M, and M, generation : In M, and M,
generation, the effects regarding the plant
height, number of branches per plant, number
of leaves per plant, number of flowers per
plant, number of pods per plant, pod length,
number of seeds per pod, yield per plant were
highly reflected with the increase in time and
concentration of the treatments (Table 2,3).
Mean values representing those M,
parameters were 45.00 cm, 28.00, 102.28,
10.25, 8.50,6.50 cm, 5.25, 15.50 g and in M,
parameters were 46.40 cm, 29.60, 112.38,
10.86, 11.25, 6.25, 6.05, 10.64 g at low
concentration and time (10°M for 2 hours).
At higher concentration (10”M for 6 hours),
mean values representing those phenotypic
characters were manifested by 22.60 cm,
8.50, 39.85, 3.75, 4.75, 3.35 cm, 2.50, 7.00
g for M, and 22.80 cm, 8.50, 37.86, 3.75,
4.80, 3.36 cm, 3.00, 7.25 g for M. Effects
at different concentration and durations were
comparable to the control set (Table 2,3).
Coefficient of variabilities (C.V.) for all the
characters found were irregularly decreased
orincreased with the increase in concentration
and time.

c. Metiotic study : Meiotic anomalies from

the flower buds from M, of the ireated sets
Pb(NO,), were observed 12.81% at
10°M concentration. for 6 hours duration.
The chromosomal anomalies like clumping,
grouping, stickiness, C-metaphase with
bivalents and univalents were of common
occurrence besides multipolarity, laggards,
early separation, unequal condensation and
fragmentation. Cytomictic cells were found
1.24% and_highest among all the treated
series (Table 4, Fig.1 A-F).

In M, generation, meiotic study of
the flower buds exhibited maximum
percentage of anomalies at 10M for 6 hours
and gave the value 11.18% (Table 5). It has
also been found that the effects for all the
treated series were less than that of M,.
Clumping, grouping and stickiness were
common and cytomictic cells though found
in natural condition increased with the higher
concentration of lead nitrate solution.

An analysis of the values on
germination, (Table 1), revealed a striking
feature with lead nitrate treatment at different
concentration on pea plant. There is a
established linear dose response relationship
showing the gradual declining tendency with
the increase in concentration and time. It may
be inferred from the results that the metalic
compound, Pb(NO,), at low concentration
does not hamper so much in germination. At
higher concentraion, the effects are manifested

Table 1. Effect of Pb (No,), on germination in Pisum sativum L. Cv Local.

Germination Percentage in different doses on soil

Durati

dration Control 10°M 10“M 10°M 10°M
2hours  81.66+0.354  55.6610.982 49.6610.125 49.331£0.905 42.00+.0.494
4hours  83.25+0.624  50.66+0.544 29.00+0.666 39.00+0.666 29.00+0.882
6 hours  82.261+0.544  38.66+0.544 29.33+0.440 29.8340.448 21.6610.364
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Fig.1 (A-F). Meiotic abnormalities induced by Pb (No,), in Pisum sativum L.
A. Anaphasic laggard; B. Unequal condensation at Anaphase-I; C. Clumping and grouping; D. Cytomixis; E.
Early separation at Anaphase; F. C-Metaphase with fragments.

severely not only during germination but also
in the growth. Dey et al.,’ recorded similar
results in conidial germination of microbe
following the treatment with Cobalt II and
Cobalt III complexes. It may however, be
proposed that lead nitrate has affected some
cellular reaction pathways for inhibition of
the phenomenon of germination. Similar
opinions were also mentioned by other
researchers as well indicating retardation of
growth at higher concentration of physical
and chemical mutagen treatment %2,

In M, generation, plant height,
number of branches per plant, number of
leaves per plant, number of pods per plant,
pod length, number of seeds per pod, yield
per plant decreased with the increase in time
and concentration of lead nitrate treatments
(Table 1). The decrease in the number of

pods per plant, seeds per pod showed that
either the flower primordia could not reach
upto the maturity and exist a direct correlation
as indicated by the mean values. Similar
results were reported in Vicia faba due to
spray and seed soak treatments with
environmental chemical mutagen by Amer
and Farah,' in Pisum abyssinicum, Hordeum
sativum and Beta vulgaris due to cadmium
toxicity by Mukherjee et al.”* and in Solanum
melongena L. var pusa purple long due to
mercury, cadmium and lead toxicity by
Sengupta and Ghosh?®. In M, generation also,
the number of seeds per pod as well as yield
per plant beside the other characters generally
reduced and restored the effectivity of heavy
metal compound. From the experiments, it
can be inferred that lead is a nonessential
toxic element probably inhibiting numerous
enzymes and affects the natural growth
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system. Dhir et al*,, have put forth that the
action of metal on the metabolism of
eukaryotic system is influenced by the
presence of other metals in the substrate in
the organism concerned.

The study of meiosis reflected the
number of univalents at higher concentration
of lead treatment and furnished that the
metallic compound affected the normal
pairing of chromosomes. Studies of the later
stages revealed that the treatment with the
chemicals have resulted various types of
clastogenic changes such as stickiness,
laggards, anaphasic bridge, cytomictic cells,
unequal separation, early separation of
anaphase, fragmented telophase and
multipolarity, clumping and grouping with
varying frequencies. Clumping, grouping and
stickiness were the dominant among the
anomalies. The stickiness and anaphasic
bridge produced due to the hindrance of
chromosome movement. The cytological
effects induced by the heavy metal depends
on the mode of action of the metal itself with
the bio-organic molecule®. The occurrence
of univalents and new orientation seems to
be outcome of some disturbances during
pairing of homologous chromosomes which
may be due to the chromosome breakage in
PMCS of treated plants. The hindrance of
movement of the bivalent to the equatorial
plate usually resulted ifnonorientation of
chromosomes. The retardation of movement
exhibited unequal separation of chromosomes
and laggards. It is difficult to logically
conclude and establish any cause and effect
relationship concerning the cytomixis
phenomenon. The result of cytomixis is
obviously a change in the amount of
chromatin and/or number of chromosomes in

the cells during mitosis or meiosis and in
normal and cytogenetically imbalanced plants,
it has been reported'*'. From the perusal of
literature it has béen concluded that most of
the metals when administered to the higher
organism are clastogenic and mutagenic in
nature at certain doses and durations of
treatments’. The initiation of effects and their
degrees depend upon the number of factors
including the rate and mode of administration,
the solvent used, rate of detoxification with
the increasing error of cell free DNA synthesis,
excretion and interaction with foreign and
endogenous substances and electrone-
gativity %,

In our observations; it has been
found that the cytogenetical effects though
persisted in M, but diluted in M,. Varner®
suggested that the plant growth hormone,
kinetin, naturally present in meristimatic tissue
seems to be responsible for the recovery of
cellular irregularities and have autoreplicating
mechanism. Hence it may be concluded that
the heavy metal interferes with the divisional
process ultimately leads to various

- irregularities and brings about severe effect

on the productivity of agricultural crops.
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