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Abstract: Heavy metals are the metals having a density at least five times more than that of water.
They are normally regarded as ones having an atomic number of 22-92.The effects of different
concentration (5, 10, 25, 50 and 100 mg/l) of arsenic and manganese on germination, root growth
and cell division in root tips of green gram (Vigna radiata.L) were studied. The inhibition of
germination and root growth was noticed at higher concentrations of Arsenic and manganese.
Arsenic had more toxic effect than manganese on the root tip cells of greengram during mitosis.
Chromosome stickness implied the high toxicity of arsenic and manganese. The results also
indicated that the germination percentage and root length was gradually decreased with the
increasing concentration of both heavy metals.

Keywords: Arsenic, manganese, cell division, growth.

il el 530l LA L8 LAY aludll g sdad) gad o Suibiall g i 30
(Vigna radiata L.) s) sadl) a) £

St SILE 52 el i o Fal sl L) T e

¢ gl ¢ galilali ¢ jaialali) ¢ el Aaalay ¢ cilil) and 2 ¢ igh) ¢ WS AN g ¢ ) Je) (Sl gha ¢ A sl cuy A
gl ¢ galiliali ¢ al yaaglde ¢ o3l LT iRy 5 AQS ¢ cildl) ale B gand) 80 g 3l Wle el 4

oM sl e el L) e sale platy g celall A8 Calaal duad L€ S paladdl o ALEN Galadll adla
iy il e usidly 6,30 e (5, 10, 25, 50 and 100 mg/l) Adiaall 380 8 il 2292 1 il
Dsdal) gaig byl G daudii Jaa o 385 Al ) Jae CuilS green gram < sdad Aualill Aadll 8 LA aludil ) g3l
Seiniall eaie (ge S iy ) jemie dpens 0 il 285 iaiall 5 i) 3l (5 pemie (e Ayl S B dals
A2y piaiall g gy 3l (g maie Apanw g xay s slAl) QLudi¥) YA green gram Sl A LAY e dala
g el o giall Jp g i) Aacd i o Galidd) ) il Ll a8y Ay ol il b GtV duns

Ly pemial) SED eind) 30 30

* Corresponding Author, Email: meenumumthas@gmail.com

285



S. Mumthas et al.

Introduction

Environment is the combination of
external physical conditions that affect and
influence the growth, development, and
survival of an organism, including air,
water and soil. In other words it is the
combination of all the conditions external
to the genome that potentially affect its
expression and its structure. Among these,
the problem of water pollution is getting
greater dimension day by day in India.
Water pollution is defined as the addition
of any thing to water which alters the
natural quality. Water is mostly polluted
by the industrial wastewaters released from
various industries. Heavy metals are the
main constituents of many industrial
effluents. The industrial, agricultural and
municipal wastes are the key sources of
these toxic heavy metals in the wastewater
(Kirupalakshmi, 2004).

Heavy metals are the metals having a
density at least five times more than that of
water. They are normally regarded as ones
having an atomic number of 22-92. Their
common feature in relation to biological
life is that in excess quantities they are
poisonous and cause death of most living
organisms. They can neither be created nor
destroyed or any one heavy metal can be
transformed into another. It therefore,
means that once a metal is mobilized in the
environment, its total amount remains the
same (Sankar Ganesh, 2008).

Metal contamination issues are
becoming increasingly common in
elsewhere. Metals are natural part of
terrestrial systems occurring in soil, rocks,
air and water. A few metals including Cu,
Mn and Zn are however essential to plant
metabolism in trace amounts. It is only
when metals are present in bio available
forms at excessive levels that they have the
potentiality to become toxic to plants.
Metal toxicity issues in plants and soils are
a significant problem through out the
world. Most metal toxicity occurs as a
result of anthropogenic disturbance, such
as mining, where unnaturally high amounts
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of metals
processes.

When this polluted water is used for
irrigation, they greatly affect the growth and
productivity of the crops. Chromium,
cadmium and copper are the most toxic
metals to plants which result in reduced roots,
phytomass and photosynthetic pigments,
stunted growth and plant death eventually by
interfering in many biochemical processes
of the plant (Sankar Ganesh et al., 2006,
2008; Amico et al., 2008; Singh et al.,
2008).

In recent years, land application of
sewage sludge has become a common
practice in many countries. The sludge
depending on its origin may be rich in
organic matter and nutritional elements as
well as useless and toxic heavy metals
(Singh and Keefer, 1989). Hence disposal
of sewage waste into the land is highly
recommended as it increases the fertility of
the soil. However its indiscriminate
application to the soil may increase the
accumulation of heavy metals over the soil
(Williams et al., 1980). One of the major
concerns is the accumulation of heavy
metals in edible parts of the crops creating
hazards to animal and human health.
Hence it would be worthwhile to undertake
a study on the effects of heavy metals on
the agricultural crops. The present
investigation has been carried out to find
out the effect of different concentrations of
arsenic and manganese on  seed
germination, root growth and cytological
studies of greengram (Vigna radiata (L.)
Wilczek) var. Vamban 1.

are released during various

Materials and Methods

The experimental plant greengram
belongs to the family Fabaceae. It is one
of the important pulse crops in India. The
seeds of greengram were obtained from the
National Pulses Research Centre, Vamban,
Pudukkottai district of Tamil Nadu. Seeds
of uniform in size, colour and weight were
choosen for experimental purpose.
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Laboratory experiments

Sodium arsenate (Na,HASO4-7H,0)
salt is used as arsenic source for the
present study. A known weight (2.66 g) of
sodium arsenate was dissolved in 1000 ml
of distilled water to obtain the standard
solution. From the standard solution, the
different concentrations (5, 10, 25, 50 and
100 mg/l) of arsenic were prepared and
used for the germination studies.
Manganous sulphate (MnSO4H,0) salt is
used as manganese source for the present
study. The different concentrations (5, 10,
25, 50 and 100 mg/l) of manganese were
prepared by dissolving a known weight
(2.92 g) of manganese sulphate and used
for the germination studies.

Germination studies

The seeds were surface sterilized with
0.1% mercuric chloride solution for 2
minutes and washed thoroughly with tap
water and then by distilled water for 30
minutes. The seeds were placed
equispacially in sterilized petriplates lined
with filter paper. Each petriplate was
moistened  uniformly by  various
concentrations of different heavy metal
solutions. The seeds were irrigated with
distilled water was treated as control. All
the petriplates were kept under diffused
sunlight at room temperature (28 + 2°C).
The number of seeds germinated in each
treatment was counted and calculated on
7t day after sowing. The emergence of
radicle was taken as a criterion for
germination. Ten seedlings from each
replicate were selected for recording the
root length.

Cytological studies

Root tips were utilised for cytological
investigation. Root tips from the
greengram plants were collected, washed
with distilled water and fixed in 1:3 acetic
alcohol for 24 hours and then stored in
70% alcohol for subsequent use. The root tips
were fixed between 8.45 am to 9.25 am. The
greengram seeds were treated with various
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concentration of different heavy metal
(arsenic and manganese) solutions (5,10,
25, 50 and 100 mg/l) in petriplates. After,
two days the root tips were taken and used
for cytological studies. The root tips
collected from greengram which were not
given the heavy metal treatment were
taken as control.

The root tips after treatment were
washed in distilled water and fixed in 1:3
acetic alcohol. They were kept for over
night in the fixative and were stored in
70% alcohol for subsequent use. Then root
tip squashes were made by using iron
alum, haematoxylin squash technique of
Marimuthu and Subramaniam (1960). This
haematoxylin squash technique was found

to be suitable for the cytological
investigation.
Results

In the present study, seed germination
percentage and root growth decreased
gradually with increase in heavy metals
(Arsenic and manganese) concentrations.
The control plants exhibit maximum
percentage of germination and root growth
when  compared with all  other
concentrations (Table 1). The detailed
study of chromosome morphology, size,
type and number were observed in 5, 10,
25, 50 and 100 mg/l of arsenic
concentration. In these cases, it showed the
chromosomal aberrations, which revealed
the diploid complement of chromosome 2n
= 2. The total chromosome length (75.2
um), absolute chromosome length (37.6
um) and average chromosome length (3.41
um) was observed at 5 mg/l. The total
chromosome length (68.1 pm), absolute
chromosome length (34.05 um) and average
chromosome length (3.11 um) was
recorded in 10 mg/l. The total chromosome
length concentrations (65.4um, absolute
chromosome length (32.7 um) and average
chromosome length (2.97 um) was
recorded in 25 mg/l. The total chromosome
length (57.8 um), absolute chromosome
length (28.9 um) and average chromosome
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length (2.63 pm) were recorded in 50 mg/I1.
The total chromosome length (51.7um),
absolute chromosome length (25.85 pm)

and average chromosome length (2.35 pm)
was observed in 100 mg/l concentrations
(Table 2, 3 and Figure 1).

Table 1. Effect of arsenic and manganese on germination and root length of greengram (Vigna
radiata (L.) Wilczek).

Heavy Metal Arsenic Manganese

Concentrations

Mg/ Germination % Root Length Germination % Root Length
(cm/seedling) (cm/seedling)

Control 95.0+4.75 8.70 £0.435 95.0+4.75 8.70 £0.435

5 81.2 £4.06 5.34 +£0.267 90.0 £4.50 6.00 £0.3

10 73.0 £3.65 4.20+0.210 84.0 £4.20 5.50£0.275

25 62.0 +3.10 3.04 +0.152 73.0 + 3.65 474+ 0237

>0 45.0 +2.25 220+0.110 60.0 + 3.00 450 +0.225

100 35.0 + 1.75 1.84 +0.092 50.0 +2.50 2.94+0.147

+ Standard deviation; No germination was recorded beyond 100 mg/1

The effect of different concentrations
of manganese in greengram seedlings
showed  the  following  numerical
aberrations in the diploid complement. In
this case, the metaphase chromosome
revealed the diploid complement with 2n =
22 chromosomes. The total chromosome
length in (78.7um), absolute chromosome
length (39.35um) and average
chromosome  length  (3.6um)  were
observed in 5 mg/l. The total chromosome
length (73.1um), absolute chromosome
length (36.55um) and average
chromosome length (3.3um) were recorded
in 10 mg/l. The total chromosome length
(71.4 pm), absolute chromosome length
(35.7 um) and average chromosome length
(3.2 um) was recorded in 25 mg/l. The
total chromosome length (67.5 upm),
absolute chromosome length (33.75 pum)
and average chromosome length 3 pm
were recorded in 25 mg/l concentration.
The total chromosome length (65.5 pum),
absolute chromosome length (28.25 pm)
and average chromosome length (2.57 um)
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were recorded in 100 mg/l concentrations
(Table 4, 5 and Figure 2).

The different concentrations (5-100
mg/l) of heavy metals on greengram
seedlings showed different spectrum of
abnormal cells and frequency of
abnormalities. The abnormal cells in the
control plant showed less in number (5)
and frequency (1.92). This was followed
by the successive concentrations (5, 10, 25,
50 and 100 mg/l) of various heavy metals.
It was revealed that number of abnormal
cells increased with increased in
concentration of heavy metals. Among the
heavy metals, arsenic showed more toxic
effect than manganese. So, the higher (100
mg/l) concentrations of arsenic provided
more number of abnormal cells (25) and
frequency (11.74) than that of the other
concentrations and the control.



Emir. J. Food Agric. 2010. 22 (4): 285-297
http://ffa.uaeu.ac.ae/ejfa.shtml

Table 2. Effect of different concentrations of arsenic on cytological behaviour of greengram (Vigna radiata (L.) Wilczek).

Conc. of Chromosome Chromosome length in pm Position of
Arsenic T No Long arm  Shortarm  Satellite Total length L/S ratio centromere Chromosome length
(mg/l) ype o (L) ) ) (L+S+8)
J 3 3.9 2.7 - 20.4 1.4 Submedian
A% 7 1.9 1.9 - 28 1 Median Total chromosome length = 80.5 um
Control S 2 4.4 33 0.2 16.2 1.3 Submedian Absolute chromosome length = 40.25 pm
I 6 1.8 0.2 - 13.2 9 Subterminal Average chromosome length = 3.66 um
I 4 1.5 0.2 - 9.5 7.5 subterminal
J 3 3.9 3 - 14.6 1.36 Submedian
S 2 3.8 2.3 0.2 13.4 1.52 Submedian Total chromosome length = 68.9 um
5 \Y% 8 1.5 1.5 - 25.6 1 Median Absolute chromosome length = 34.45 pm
I 6 1.2 0.2 - 10.2 6.5 Subterminal Average chromosome length = 3.13 um
I 3 1.3 0.2 - 5.1 6.5 Subterminal
S 2 3.5 2.1 0.2 12 1.68 Submedian
J 3 3.7 2.4 - 18.9 1.44 Submedian Total chromosome length = 68.1 um
10 A% 7 1.3 1.3 - 19.6 1 Median Absolute chromosome length = 34.05 pm
I 6 1.4 0.2 - 10.8 7 Subterminal Average chromosome length =3.11 um
I 4 1.3 0.2 - 6.8 6.5 Subterminal
S 2 3.1 2.0 0.2 11 1.55 Submedian
J 3 3.2 2.3 - 17.1 1.39 Submedian Total chromosome length = 65.4 um
25 v 8 1.3 1.3 - 22.4 1 Median Absolute chromosome length = 32.7 um
I 5 1.3 0.2 - 8.5 6.5 Subterminal Average chromosome length =2.97 um
I 4 1.2 0.2 - 6.4 6 Subterminal
S 2 29 1.9 0.2 10.4 1.53 Submedian
J 2 3.0 2.1 - 10.6 1.43 Submedian Total chromosome length = 57.8 um
50 A% 8 1.2 1.2 - 20.8 1 Median Absolute chromosome length = 28.9 pum
I 6 1.2 0.2 . 9.6 6 Subterminal Average chromosome length =2.63 pm
I 4 1.2 0.2 - 6.4 6 Subterminal
S 2 2.2 1.7 0.2 8.6 1.3 Submedian
J 3 2.8 1.9 - 14.7 1.47 Submedian Total chromosome length = 51.7 um Absolute
100 A% 8 0.9 0.9 - 16 1 Median chromosome length = 25.85 um
I 5 0.8 0.2 - 6 4 Subterminal ~ Average chromosome length = 2.35 um
I 4 1.2 0.2 - 6.4 6 Subterminal
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Table 3. Effect of different concentrations of arsenic (mg/l) in greengram (Vigna radiata (L.) Wilczek) on total number of abnormal cells, frequency
of abnormalities and percentage of mitotic abnormalities.

Number of abnormal cells

Concentration Total No. Total no. of Frequency % of mitotic abnormalities

of Arsenic of cells abnormal . N Binucleate of total . A Binucleate
(mg/l) analysed cells Bridge Laggard Stickiness cells abnormalities Bridge Laggard Stickiness cells
Control 260 5 2 1 1 1 1.92 0.77 0.38 0.38 0.38

5 256 12 5 3 2 2 4.69 2 1.17 0.78 0.78

10 243 17 7 5 3 2 7 7 2.05 1.23 0.82

25 231 19 9 5 3 3 8.2 8.2 2.16 1.3 1.29

50 224 23 7 9 4 3 10.27 10.27 4.02 1.8 1.3

100 213 25 9 7 5 4 11.74 11.7 3.29 2.35 1.9

290



Emir. J. Food Agric. 2010. 22 (4): 285-297
http://ffa.uaeu.ac.ae/ejfa.shtml

Figure 1. Effect of Arsenic on mitosis of green gram Mitosis (Arsenic). Microphotographs x
1250. Figure 1. 1. Control; 2n=22; Figure 1.2. 5 mg/l; 2n=22; Figure 1.3. 10 mg/l; 2n=22;
Figure 1.4. 25 mg/l; 2n=22; Figure 1.5. 50 mg/l; 2n=22; Figure 1.6. 100 mg/l; 2n=22
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Table 4. Effect of different concentrations of manganese on cytological behaviour of greengram (Vigna radiata (L.) Wilczek) .

Concentration = Chromosome Chromosome length in pm Position of
of Manganese T N Long arm  Shortarm  Satellite  Total length  L/S ratio centromere Chromosome length
(mg/l) e > (L) (S) (S) (L+S+S)

J 3 3.9 2.7 - 20.4 1.4 Submedian Total chromosome length = 80.5

v 7 1.9 1.9 - 28 1 Median pm
Control S 2 4.4 33 0.2 16.2 1.3 Submedian Absolute chromosome length = 40.25

I 6 1.8 0.2 - 13.2 9 Subterminal pm

. Average chromosome length = 3.66

I 4 1.5 0.2 - 9.5 7.5 subterminal wm

S 2 4 3 0.2 14.8 1.33 Submedian Total chromosome length = 78.7 um

J 3 3.7 2.5 - 19.2 1.48 Submedian Absolute chromosome length = 39.35
5 A% 7 1.7 0.2 - 25.2 1 Median pm

I 5 1.6 0.2 - 10 8 Subterminal Average chromosome length = 3.6

1 5 1.5 0.2 - 9.5 7.5 Subterminal pm

S 2 3.7 2.8 0.2 13.8 1.32 Submedian Total chromosome length = 73.1 um

J 3 3.6 2.2 - 18 1.6 Submedian Absolute chromosome length = 36.55
10 v 6 1.7 1.7 - 21.6 1 Median pm

I 5 1.5 0.2 - 9.5 7.5 Subterminal Average chromosome length = 3.3

| 6 1.3 0.2 - 10.2 6.5 Subterminal pm

S 2 33 2.5 0.2 12.4 1.17 Submedian Total chromosome length =714 um

J 3 3.5 2.7 - 19.2 1.37 Submedian Absolute chromosome length = 35.7
25 v 6 1.6 1.6 - 20.4 1 Median pm

I 6 1.5 0.2 - 114 2.14 Subterminal Average chromosome length = 3.2

I 5 1.2 0.2 - 8 3 Subterminal pm

S 2 3.0 2.1 0.2 10.6 1.43 Submed¥an Total chromosome length = 67.5 um

! 3 32 19 i 159 1.68 Submedian Absolute chromosome length = 33.75
50 v 8 1.5 1.5 - 25.6 1 Median ’

I 5 1.4 0.2 . 9 7 Subterminal 'Y lenath —

I 4 13 0.1 - 6.4 13 Subterminal verage chromosome length =3 pm

S 2 2.5 1.9 0.2 9.6 1.32 Submedian Total chromosome length = 56.5 um

J 3 3 2.1 - 15.9 1.43 Submedian Absolute chromosome length = 28.25
100 v 7 1.1 1.1 - 16.8 1 Median pum

I 6 0.9 0.2 - 7.8 4.5 Subterminal Average chromosome length = 2.57

I 4 1.3 0.1 - 6.4 13 Subterminal um
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Table 5. Effect of different concentrations of manganese (mg/l) in greengram (Vigna radiata (L.) Wilczek) on total number of abnormal cells,
frequency of abnormalities and percentage of mitotic abnormalities.

Concentrations Total No.  Total no. of Number of abnormal cells Frequency of % of mitotic abnormalities

z)rt;llg//llz;nganese gﬁ:li};z d zglri;)rmal Bridge Laggard Stickiness CB;BISJCleate ;(l)atrzlll)rmali ties Bridge Laggard Stickiness ilﬁlsldeate
Control 260 5 2 1 1 1 1.9 0.77 0.38 0.38 0.38

5 253 10 5 3 2 1 4 2 1.19 0.79 4

10 246 14 7 3 2 2 5.69 2.85 1.22 0.81 0.81

25 232 17 8 4 3 2 7.33 34 1.72 1.3 0.86

50 229 19 9 5 3 2 8.3 4.4 2.18 1.31 0.87

100 218 21 1 5 3 2 9.6 5.04 2.29 1.37 0.92
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Figure 2. Effect of manganese on mitosis of green gram Mitosis (Manganese). Microphotographs
x 1250. Figure 2.1. 5 mg/l; 2n=22, Figure 2.2. 10 mg/l; 2n=22, Figure 2.3. 25 mg/l; 2n=22,
Figure 2.4. 50 mg/1;2n=22, Figure 2.5. 100 mg/1;2n=22.
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Discussion

Heavy metals are one of the most
important groups of pollutants of aquatic
environment, which originate from
domestic sewage, industrial effluents and
agricultural run off etc. Addition of heavy
metals (As, Al, Cr, Mn, Mo, Ni, Cu, Pb,
etc.) into the environment causes toxic and
carcinogenic effects on flora and fauna and
create great ecological crisis at the global
level. Heavy metal accumulation in soil
and its importance on the morphological,
biochemical and cytological aspects of
plants have received more attention in
recent times by many workers (Abbasi et
al., 1992; Premkumar et al., 2001; Prakash
et al., 2004).

The inhibition of germination and
root growth was noticed at higher
concentrations of Arsenic and manganese.
Similar result was also reported in wheat
(Panda and Patra, 1997), Cowpea (Lalitha
et al., 1999), Pea (Chugh and Sawhney,
1996) and cotton (Shrivastava et al., 1997).
The reduction in germination percentage of
greengram at higher concentrations may be
attributed to the interference of heavy
metal ions during germination metabolism
(Sankar Ganesh, 2008). Similarly, the
reduction in root growth is possibly due to
the accumulation of heavy metals in the
plant tissues and its interaction with the
minerals (Banu et al., 1997).

Rapid urbanization and
industrialization have enhanced levels of
toxic heavy metals in the environment
posing  a potential health hazard for all
living organisms. Heavy metals have some
genotoxic potential. Growth inhibition at
higher concentrations may be linked with
lower mitotic activity in the root
meristematic zone or to an inhibition of
cell enlargement in the elongation zone as
a consequence of decreased cellular turgor
(Gabbrielli et al.,, 1990). From the
cytological studies, the researcher can
understand  that the  chromosomal
aberrations are more in arsenic treatment
and less in manganese treatment seedlings
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when compared to the control. All kinds of
chromosomal variations are found to be
increased with increase in heavy metal
concentrations.

The formation of bridges could be
attributed to chromosome stickiness and to
chromosome breakage and reunion. The
induction of lagging could be attributed to
the failure of the normal organization and
function of the spindle apparatus. Such type
of abnormalities is due to the loss of
microtubule of spindle fibers. The
micronuclei observed at higher doses of
both salts, may originate from a lagging
chromosome or from a chromosome
fragment. This was supported by previous
reports of several authors (Patil and Bhat,
1992; Salam et al., 1993; Chidambaram et
al., 2009). Nagpal and Grover (1994)
classified induced chromosomal
abnormalities into two groups Viz.,
clastogenic effects such as fragments, ring
chromosome bridges and micronuclei. The
precocious movement of the chromosome
might have been caused by the early
terminalisation, stickiness of chromosome
or because of the movement of the
chromosome ahead of the rest during
anaphase (Permjit and Grover, 1985;
Chidambaram et al., 2009).

The cytological and genetic effects of
some of the heavy metals like mercury,
cadmium, chromium and lead in animal
and plant cells have been studied by
Sharma et al. (1988) and Zou et al. (2006).
The most abundant of them were
stickiness, breakage, lagging, bridges and
disturbed phases at the level of M, seed
storage protein. The metal treatment
caused changes in protein banding patterns
especially at the high molecular weight
regions (George, 1999). The chromosomal
aberration like  stickiness, laggards,
chromosome bridges, irregular metaphase,
fragmentation and binucleate cells were
increased with the increasing
concentrations of metals. Similar results
were reported by Kumar and Tripathi
(2003).
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The present study reveals that the
presence of heavy metal, in the irrigated
water causes many variations in
germination, growth, biochemical and
cytological behaviour of greengram. It can
be concluded that the heavy metal
containing wastewater are toxic to crops.
So, these polluted water should be properly
treated to remove the heavy metals and
treated water with suitable dilution may be
used for irrigation purpose.
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