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ABSTRACT

An attempt has been made to study the accumulation of alkaline earth metal strontium in the plant Lycopersicon esculentum
Mill,, as bioaccumulation of this compound leads to various health risks. The study was conducted by treating the plant
Lyeopersicon esculentum Mill. with the chemical strontium chloride at four different concentrations (100pM, 500uM, 1mM and
5mM) and compared with the one kept as control. At the end of the study (80 days) strontium was observed in plant leaves
and fruits.
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INTRODUCTION

Strontium is a8 soft silver-white metallic element and in its
elemental form it occurs naturally in many compartments of the
environment, including rocks, soil, water, and air. Quite a
large amount of waste substances and energy are Introduced
in to the environment through several sources [1-3).The soit
contamination is primarily due to industrial waste disposal and
secondarily by the water supplies within and underlying soll
[4] 1t finally leads to various health risks. A part of the
strontium that Is disposed by Man reaches groundwater and
remains in the soil for decades. Strontium concentrations in
soil get increased by human activities, such as by the disposal
of ceal ash, Incirerator ash, and industrial wastes.

The agricultural plants from industrial areas have higher proba-
pility of strontium uptake. Crops get saturated with heavy
metals and chemicals which are harmful to man and other
organisms [S]. For children exceeded strontum uptake may be
a health risk, because it can cause problems with bone
growth. When strontium uptake s extremely high, It can cause
disruption of bone development. But this effect can only occur
when strontium uptake is in thousands of ppm range. The
present study aims at determining the effect of alkaline earth
metal strontium chloride on morphological and phytochemical
characters of Lycopersicon esculentum Mill. and also to ob-
serve the amount of strontium chloride accumulation on the
jeaves and fruits by using Inductively coupled plasma atomic
emission spectroscopy (ICP-AES).

MATERIALS AND METHODS
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The pure and viable plant seeds were bought from Agricultural
Technology Information Centre of Kerala Agricultural University,
Mannuthy, Thrissur, Kerala. Surface sterilized seeds were
soaked for 24 hours in various concentrations of strontium

chloride (100M, 5COMM, 1mM and 5mM). For control,
distilled water was used. Seeds were placed on filter paper in
sterilized Petri dishes for germination and moistened with 15 m)
of different concentrations of strontium chloride. 20 seeds were
taken in triplicate at room lemperature. After 4 days, the data
on percentage of germination was documented and the length
of radicle and hypocotyl was recorded.

For field studies, the seeds were allowed to grow in polythene
bags which were filled with potting mixture at the ratio of soil;
cow dung: sand as 3:1.5:1 respectively. The soil was analyzed
in Soil Testing Laboratory Centre, Thrissur. The treated plants
were irrgated thrice a week with different concentrations of

strontium  (100M, 500UM, 1mM and SmM). For control,
distilled water was used for Irigation.  SIx repllcates of each
concentration were maintained. The different parameters like
length of the shoot, length of the root, the number of sec-
ondary roots, number of leaves, width of shoot and the num-
ber of flowers were studied. These parameters are noted down
at an interval of 20 days up to 80th day.

Follar features like stomatal index, palisade rato, vein iglet
ratio and vein termination number were studied using micro-
scope. In phytochemical analysis, test for flavonoids, alkaloids,
saponins, tannins and steroids were done. Estimation of car-
bohydrate was also carried out using anthrone method. The

digested sample of each of the plant leaves and fruits were
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analyzed for strontium by atomic emisslon spectroscopy (ICP-
AES).

After completion of growth, the plants were uprooted and dried
in hot air oven at 100°C for 5 days, for recording the dry
welght.

RESULTS AND DISCUSSIONS

The present study revealed that growth and development of
strontium chioride treated plants was low as compared to those
plants treated with control. Control shows highest va'lue in
radicle and hypocotyl length while 5mM concentration of
chemical treated plant showed the lowest (Table 1).

Table 1: Effect of different concentration of
strontium  chloride on germination  of
Lycopersicon esculentum Mill.

c oncentréfion - Length Length of Germination
of Strontium Radicle pypocotyl percoentage
Chloride®D " (ony (cm) (%)
Coﬁtrol 3 25 100
JoopM . 38 3.5 90
500pM 0.4 A 1 60
1mM 0.4 04" 45
smM 0.3 02 45

From the data of germination percentage it is clear that the
rate of germination was highest for control and the rate de-
creased with increase In strontium chloride concentration (Table
1). These observations are in agreement with those of [6,7].
For growth studies, the different parameters like shoot length,
root length, number of secondary roots, width of the shoot,
number of leaves and number of flowers were analyzed. For
the above parameters the highest value was shown by control
treated plants and lowest value was shown by plants treated
with 5mM strontium chloride (Table 2 & 3).These observa-
tions are in agreement with [8].

The study on follar features llke stomatal Index, palisade ratlo,
veln Islet ratlo and vein termination number revealed higher
values for control plants and lowest value for plant treated with
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S5mM strontium chloride (Table 4). Polluted environment ef-
fects stomatal frequency. When the number of stomata de-
creases, gaseous exchange in plants get reduced. This has
negative Impact on photosynthesis and respiration which in turn
affects productivity and growth [9]. A similar result was ob-
tained for plant dry weight analysis (Table 3). These obser-
vations are in agreement with [10].

Various qualitative and quantitative assays of active ingredients
were conducted as part of phytochemical analysis. Plant sec-
ondary metabolites such as flavanoids, alkalolds, saponins, and
tannins were present in all plants Including control. The analy-
sis showed the presence of steroid in control and plants
treated with lower concentrations of strontium chloride, but was
absent in plants treated with high concentrations of strontium
chloride (Table 5). Estimation of carbohydrate revealed that
the concentration of carbohydrate Is high In control and gradu-
ally decreased as the concentration of strontium chloride in-
creases and then gets remained stable as the concentration
reached SOOHM. Studies of [11,12] support these findings.
The accumulation of strontium chloride in plant - leaves and
fruits were analyzed using ICP-AES. It was observed that
accumulation was nil In control. Accumulation kept increasing
up to 1mM but decreased at SmM concentration (Table 6).

From the present study it is clear that strontium chloride gets
accumulated at different concentrations in leaves and fruits of
the plant- Lycopersicon esculentum Mill. Since this plant Is
used as a vegetable it Is Important to know the response of
the plant to different concentrations of metal. Strontium chloride
accumulation in leaves and fruits were found to be at toxic
level which is harmful to human. Studies on effect of heavy
metals Cadmium, Cobalt, Mercury and Lead in some members
of Malvaceae [13], com and soya beans support these find-

ings [14,15]. So vegetables are not advised to cultivate in
polluted areas.

CONCLUSION

Even if lower concentrations of Strontium are used for enhanc-
ing the growth of the plants, it is harmful to humans as well
as animals. It is Imperative to have proper understanding of
plant response and pollutant concentration relationship  with
environmental conditons so as to preserve our nature and
natural resources. In the present study, the Strontium accumu-
lation in leaves and fruits were found to be at toxic level
which is harmful to humans. Since Lycopersicon esculentum
Mill. is used as a vegetable, it is important to know the re-

sponse of the plant to the heavy metal at different concentra-
tlons.

Table 2: Effect of different concentration of strontium chloride on length of shoot, length of root,
pumber of secondary roots and number of leaves Lycopersicon esculentum Mill.

"Concentration  Length of Shoot Length of Root  Number of Secondary '

of Strontium (cm) , (cm) Roots Number of Lgaves
Chloride . zo(h ) 40(h 60lh 80lh 2'0th 40“1 6oﬂl 80th 20lh 40(h 60!h 80(!1 20“1 40“‘ 60“‘ 8(?"_-
@ ] ____day day day day day day day day day day day day day day day day

Coritrol 14 286 561 994 45 56 7.1
100pM 13.1 255 517 976 45 5 62
500uM 9 27 502 893 14 38

106 16 22 69 81 5 9 13 17
9 12 24 65 85 4 8 10 16

82 12 22 34 49 5 9 13 16
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ImM 38 222 445 .72 12 3 45 7 10 15 24 40 4 6 10 13

SmM 32 199392 617 09 28 4 7 10 12 16 24 3 § 9 1o

Table 3: Effect of different concentration of strontium chloride on width of shoot, number of flowers
and dry weight of Lycopersicon_esculentum Mill.

Concentration of | VXlidth of s::oot (cglzm 401:umbe2 :))i flowels's0 T Dry weightof olant after
Strontium Chloride (M) ggy ggy day day day day 80 days ©®
Control 0.9 1.8 2.7 5 40 71 13.74

100pM 0.8 1.1 22 2 33 68 7.08

500uM ‘ 0.7 - 0.9 1.8 8 25 56 8.06

1mM 0.2 0.8 1.1 5 18 25 7.22

5mM ‘ 0.2 0.5 0.9 2 8 15 2.55

Table 4: Effect of different concentration of strontium chloride on stomatal index, palisade ratio, vein
islet number and vein termination number in the leaf of Lycopersicon esculentum Mill.

Concentration of Strontium ~ Stomatalindex  Palisaderatio  Vein islet ratio  Yo." fermina-

Chloride(M) : tion number
Control ' 30.3 7.78 7-12 8-14
100pM ‘ , 29.5 7 8-10 6-10
500uM ) 25 7 8-7 7-12
1mM 25 6.5 4-7 8-12
5mM 21.58 5 4-6 8-12

Table 5: Qualitative analysis of different concentration of strontium chloride on Lycopersicon
esculentum Mill.

Concentration of Strontium

Chloride(M) Flavanoids Alkaloids Saponins Tannins Steroids
Control | + + + + +
100uM + + + + +
500pM + + + + +
1mM + + + + +
smM + + + + .

Moderate precipitation: +, Absent: -

Table 6: Quantitative analysis of carbohydrate and ICP-AES result in different concentration of
gtrontium chloride on Lycopersicon esculentum Mill.

Concentration of Carbohydrate conf:;??::il:)l: ic::lifl: ':te lear  Strontium chloride concen-

strontium Chloride(M)  concentration (ug/ml) ( ppm) tration in the fruit (ppm)
“Control  o0s2 0 0

100pM 0.35 30.64 41.23

500pM 0.32 235.75 276.19

mM | 0.32 253.18 291.02

International Journal of Pharmaceutical Research | October-December 2013 | Volume S | Issue 4

| 49



Nithya & Sheela / Effect of Strontium on the Lycopersicon esculentum Mill.

- SmM

0.32

103.56 124.78

REFERENCES

Ademoroti CMA, Environmental chemistry and
Toxicology, 1996; Ibadan Foludex Ltd.215. _
Kabota Pandias A and Pandias H, Trace elements in
soils and plants,1992; ed.2, CRC Press, Boca
ondon. B
E:it\?onll: AEA, Soil Lead alters phytose activity and
mineral nutrient balance of Pisum sativum, 2002;
iron. Exp, Bot.48:61-73. .
g;;r\:gg? CE, 'Fr)he dirty work of promoting recycling of
America's sewage sludge, 2005; Int. J. Occup.
Environ. Health, 11 (4): 415-427. ' o
Unnithan RV and Remani KN, Organic pglluﬂon in
Cochin backwaters, 2009; Ind .J. Mar.., Sci 4:39-42.
Ghosh AK and Kumar P, Effect of distillery effluent
on seed germination of cicer arietinum L.,1998;
ica, 6:21-22. 3
g:;ggntaa rl:/IIIS Verma N and Sharma P, Phytotoxicity
of copper and lead in leafy vegetgble amaranth
(Amaranthus oleraceous), 2004; Indian Journal of
Environmenrtal Ecoplan., 8(2): 353-3§8. .
Baker AJM and Brooks RR, Tgrrestnal higher pIapts
which hyper accumulate metallic elements- Are view

10.

1.

12.

13.

14.

15.

of  their contribution, ecology
phytochemistry, 1989; Biorecovery,1:81-126.
Metcalfe CR and Chalk, Anatomy of Dicotyledon,
1950; Carendeon Press, Oxford, Vol.1: 12-15.
Karunyal Samuel, Renuga G and Palwal Kailash,
Effect of tannery effluents on seed germination, leaf
area, biomass and mineral content of some plants,
1994; Bioresource Techno, 4(3): 215-218.

Gibbs RA, Chemotaxonomy of flowering plants,
1994; Mc Gill quiums, montreal, 284.

Webber G, Shan F, Prajda N, Yeh YA., Yang H,
Mercengiova M and Look KY, Increased signal
transduction activity and down regulations in human
cancer cells, 1997; Anticancer Research ,16:3271-
3282,

Dutta Mitta, Sen Ali and Bhattacharya Sima, Effect
of heavy metals Cobalt, Mercury and Cadmium on
Malvacean family members, 1988; Env.Eco. 6 (2):
410-416 (10).

Jacobson and Hill, Effect of application of urea on
plants, 1989; TMH publishers: 23-75.

Malone C Miller R and Koeppe D, Root growth in
corn and soya beans: effects of cadmium and lead in
lateral root initiation, 1977; J. Environ. Qual,25: 562-
566.

and

50 | International Journal of Pharmaceutical Research | October-December 2013 | Volume 5 |

[ssue 4




