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ABSTRACT

The accumulation of heavy metal- Nickel was studied by treating the chemical Nickel nitrate in four different
concentrations- 100uM, 500 pM, 1mM and 5mM on the plant Hibisaus esculentus L. The studies showed presence
of Nickel in leaves and fruits of plants in various concentrations at end of 40 days.
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INTRODUCTION

Development is the term recently added by man to
cover up all his technological activities, which means to
introduce significant changes in environment and mould
it according to his need. To fulfill his basic needs for
food, cloth and shelter, man has started exploiting
nature, which resulted in ecological destruction [1-4].
Heavy metal pollution is gaining importance day by day
due to its obvious impact on human heaith through food
chain. Crops get saturated with heavy metals and other
such chemicals which are harmful to man and other
organisms [5-7].

The species of Hibiscus esculentus L, native of tropical
Africa is now grown in tropics and subtropical regions.
Present study aims at determining the effect of heavy
metal Nickel on morphology and phytochemical
characters of plant and aiso to analyze the amount of
heavy metal accumulation in leaves and fruits, at the
end of 40 days using Inductively Coupled Plasma
Atomic Emission Spectroscopy (ICP-AES).

MATERIALS AND METHODS

Before starting the experiment, seeds of the
plant “Hibiscus esculentus Linn.” were collected from
Agricultural Technology centre of Kerala Agricultural
University, Thrissur, Kerala.

& Address for cortespondence:

Surface sterilized seeds were soaked for 24 hours
in various concentrations (100uM, 500uM, 1mM and
5mM) of Nickel nitrate. For control, distilled water was
used. Seeds were placed on filtter paper in sterilized
Petri dishes for germination and moistened with 15 ml
of different concentrations of Nickel nitrate. 10 seeds
were taken in triplicate at room temperature. After 4
days the data on percentage was documented and
{ength of radicle and hypocotyl was recorded.

For field studies, seeds were allowed to grow in
potting mixture taken in polyethylene bags. For
preparing potting mixture soil was mixed with dung and
sand in the ratio 3:2:1. Then the bags were irmrigated
daily with different concentrations of Nickel nitrate
(100uM, 500uM, 1mM and 5mM). For control distilled
water was used for irrigation.

Length of shoot, length of root, number of
secondary roots, width of shoot, number of leaves,
length of petiole and number of fruits were recorded at
15", 30" and 40™ day. For each treatment 3 replicates
were maintained. Foliar features like stomatal index,
palisade ratio, vein islet number and vein termination
number were studied using microscope. In
Phytochemical analysis, test for tannins, saponins,
flavonoids, steroids and alkaloids were done. Estimation
of carbohydrates was also carried out using Anthrone
method. [CP-AES was performed to know the
accumulation of heavy metal Nickel in the leaves and
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its of the plant at the end of 40 days. Samples of dry

f different concentrations of Nickel

Table 1: Effects o

and Phytochemical characters of H. esculentus
soil of each treatment were collected for soil analysis.

nitrate on germination of Hibiscus esculentus L.

Concentration of Nickel  Length of Radicle (cms) Length of hypecotyl ~ Germination percentage
nitrate (M) (cms) (%)
Control 0.9 35 100
100 uM 1 2.5 84.6
500 uM 0.8 25 92.3
1 mM 0.5 1.8 69.2
5mM 0.2 0.5 46.1

Table 2: Effects of Nickel nitrate on Growth

parameters at different concentrations in Hibiscus

esculentus L.
. No: of leaves Root length (cms) Shoot length (cms) No: of Secondary
Concentration roots

of Nickel gr 15 30® 40% 8 15 30% 4h g5 158 30% 40® 8% 155 30% 4o
pitrate (M) day day day day day day day day day day day day day day day day
Control 2 2 8 o 09 25 28 36 35 155 39 52 1 2 21 30
100 uM , 2 g 10 1 2 25 29 25 15 3% s - 2 25 34
500 pM 2 2 7 g 08 26 20 25 25 166 39 59 1 3 13 22

1 mM 1 1 6 g 05 18 15 197 17 12 26 38 - 1 8 9
5mM 1 1 7 g 02 48 16 20 05 74 255 40 - 1 9 11

Table 3: Effects of Nickel nitrate on width of shoot, length of

petiole and number of fruits at different

concentrations in Hibiscus esculentus L.
_concet?
Width of shoot (cms) Length of petiole (cms) Number of fruits
Concentration of

Nickel nitrate M) 158 gay

30%day 40%day 15%day 30" day 40 day 15%day 30%day 40" day

Control

100 pM

500 pM
1mM
5 mM

0.4
0.7
0.9
0.1
0.2

0.8
1
1.6
0.5
1

1.9
2
2.6
0.9
1.1

109
115

13
9
8.6

12.5
14
15.7
11.2
10

13.5
15
16.6
12
10.8

2
5
3
1
1

e R - -

e

Table 4: Effects of Nickel nitrate on stomatal index, palisade ratio, vein islet number and vein
termination number at different concentrations in Hibiscus esculentus L.
__termin®
Stomatal index Palisade ratio Vein islet number Vein termination
Concentration number
of Nickel i o (6 h th
8 15 30 40 8 150 302 40 gb 150 300 4ot 8B th
O At 15t 30t th
ni M)  gay day day day day day day day day day day day day day day ‘:lgy
Control 32 33 342 35 12 122 124 125 030 034 035 036 299 330 333 354
100 pM 32 32 35 356 13 13 14 135 032 033 038 039 290 3.66 3.66 3.79
500 pM 34 343 356 368 14 148 15 15 038 038 040 045 3.11 380 385 4.12
1 mM 25 25 284 28 9 99 10 102 020 023 023 025 277 282 282 332
5mM 20 201 24 24 71 8 83 88 016 021 020 023 219 222 223 285
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Table 5: Preliminary Phytochemical screening of extracts of different concentrations in Hibiscus
esculentus L.

Concentration of . . . .
Nickel nitrate (M) Tannins Saponins Flavonoids Steroids Alkaloids Carbohydrates
Control - - + + + .
100 uM + - + - + +
500 pM + - ++ - + -
1 mM - - + - + +
5mM - - + - + +
High precipitation: 4, Moderate precipitation: +, Absent: -
Table 6: Estimation of carbohydrates in different concentrations in Hibiscus esculentus L.
Concentration of Nickel nitrate (M) Carbohydrates concentration (ug/mL)

Control 0.36

100 uM 0.31

500 uM 0.28

1 mM 0.27
5mM 0.19
Table 7: ICP-AES studies in different concentrations in Hibiscus esculentus L.
C"“ce:?::;:':M"gNiCkeI Nickel concentration in leaf (ppm) Nickel Concentration in fruits(ppm)
COthOl 0 0
5mM 63.70 73.81

RESULTS AND DISCUSSION treated plants (Table 2 & 3). The inhibitory ot

. . higher concentrations might be due 1o excess of
In the present study, it was evident that as the — niyoqen, which happens to be injurious to plant growth
concentration of Nickel nitrate is increased, there IS @ ¢tocting water absorpt : !

! o development of plant, Control - g wal rption and other metabolic process
decrease in growth and ceveiop in plants [6]. A significant inhibitory effect at higher
showed highest value in radicle and hypocotyl length,  concentrations of heavy metals (Cd, Pb and Mn) on the

while 5mM concentration of chemical freated plant .
showed the towest (Table 1). At higher concentrations morphological growth was reported by [7,9,10].

there is inhibition of seed germination. Control showed Foliar features like stomatal index, palisade ratio,
highest germination percentage and SmM concentration vein islet number and vein termination revealed higher
of chemical treated seeds the lowest germination  values for 100uM and 500puM concentrations of Nickel
percentage (Table 1). Simitar results were documented  nitrate treated plants. Lowest value was for SmM
by [8-11]. Heavy metal toxicity decreases germination concentration of chemical treated plants (Table 4).
percentage and retards growth of seedling in several Polluted environment has decreasing effect on stomatal
plants. In Lupinus sps. lead reduced number of  frequency. When there is decrease in stomata number,
germinating seeds and caused shortening of hypocotyls  gasecus exchange in plant gets reduced. This affects
as well as radicle [12]. High concentration of lead  photosynthesis and respiration, which in tum affects
(1mM) caused 14 to 30 % decreased germination in productivity and then growth declines. These
rice [13]. cbservations are in agreement with those of {5].

Field studies revealed that root length, shoot length,  In phytochemical analysis, tannins were present only in
number of secondary roots, width of shoot, number of  plants treated with 100uM and 500uM concentrations of
teaves, length of petiole and number of fruits showed  Nickel nitrate. Saponins were absent in all plants
higher values for 100uM and 500uM concentrations of including control. Flavenoids were seen in plants treated
Nickel nitrate treated plants. Lowest was shown by  with 500uM conceniration of Nickel nitrate. Stercid was
plants treated with 5mM concentration of chemical present only in contro! plants. Alkaloids and
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carbohydrates were present in all plants including
cgntrol and plants treated with 500uM concentration of
Npkel nitrate (Table 5). At higher concentration, Nickel
nrt(ate causes some altemation in metabolic pathway
which clearly stunts the growth and development of
plants. Studies of [2] also supported these findings.

Estimation of carbohydrate revealed that the
concentration of carbohydrate is high in control and
gradually decreased as the concentration of strontium
chloride increases and then gets remained stable as the
concentration reached 500puM (Table 6). From ICP-AES
studies, it is found that at 100uM concentration of
Nickel nitrate treated plants, Nickel was accumulated in
leaves and fruits at toxic levels followed by those
treated with 500uM concentrations of Nickel nitrate.
Piants treated with 1mM and 5mM concentrations of
Nickel nitrate showed somewhat toxic accumulation of
Nickel in their leaves and fruits (Table 7). In plants
treated with 100uM concentration of Nickel nitrate, due
to higher growth rate and develcpment, absorption of
chemical maybe more compared to rest. So it showed
toxic level accumulation of Nickel (Table 7). Many
scientists have worked out the effect on accumulation
of heavy metal. According to [3, 14], lower
concentrations of heavy metal adversely affect the rate

of accumulation.

CONCLUSION

Even if lower concentrations of Nicke! nitrate are used
for enhancing the growth of the plants, it is harmful to
humans as well as animals. It is imperative to have

relationship
conditions so as to preserve our nature and natural
resources. In the present study, the Nickel accumulation
in leaves and fruits were found to be at toxic level which
is harmful to humans. Since Hibiscus esculentusis used
as a vegetable, it is important to know the response of
the plant to the heavy metal at different concentrations.
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