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Abstract: Heavy metal pollution to water and soils due to anthropogenic activities are threats to living
organisms. Heavy metal pollution is one of the major environmental problems of the present century. Many
industries, including electroplating, metallurgy, paints and pigment industries, tanning, chemical industries,
pulp and paper producing industries and wood preservation industries use various heavy metals and the
discharge from these industries largely contribute to heavy metal pollution. The excess of copper is released
from many industries to cause soil and water pollution. The copper is a heavy metal highly accumulated in soil
by anthropogenic activities. In the present study, the seedlings of (finger millet) Eleusine coracana Gaertn.were
treated with various concentrations of copper chloride and its impact on the morphometric, pigmental,
biochemical and enzymatic characters were studied. After ten days of treatment with different concentrations
of copper chloride (2mM, 4mM, 6mM, 8mM, and 10 mM), the growth parameters such as leaf area, fresh weight,
dry weight, shoot length, root length were found decreased than in the control. Pigmental characters such as
chlorophyll a, chlorophyll b, total chlorophyll, carotenoides content were decreased with the increase in the
concentrations of copper chloride, but the content of anthocyanin was increased and the biochemical
parameters such as soluble sugar and protein content were found decreased with the increase in the
concentrations of copper chloride. But the contents of free amino acid, proline and leaf nitrate were increased
with increase in the concentrations of copper chloride. The activities of enzyme such as catalase and peroxidase
were found increased with the increase in the concentration of copper chloride. But the NRA enzyme activity
was decreased. The Atomic Absorption of Spectroscopy (AAS) technique was employed to confirm the
presence of copper chloride in treated plants and control. Comparison of the values of treated plants with
control reveals that copper chloride has seriously affected the finger millet plants.
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INTRODUCTION metals are natural constituents of soils and occur

Rapid and unorganized urbanization and soils by toxic metals and metalloids is of major concern
industrialization have contributed to the elevated levels of worldwide [7]. The problem of Heavy metal pollution is
heavy metals in the urban environment of the developing continuously worsening due to a series of human
countries like India [1]. Many anthropogenic activities activities, leading to an intensification of research dealing
pollute the soil ecosystems with heavy metals resulting in with the phytotoxicity of these contaminants and with the
conditions which are toxic to living organism [2,3]. Soil mechanisms used by plants to counter their detrimental
contains trace levels of many heavy metals and most of effects [8]. The copper is most frequently discharged
these heavy metals are essential elements is generally elements into the environment [9]. Copper participates in
harmful to plants, animals and human health [4-6]. Heavy the reduction of  electron   transfer  in  photosynthesis  in

naturally in the environment. Nowadays, contamination of
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the form of plastocyanin. However, copper at high level The biochemical parameters namely total soluble
becomes strongly phototoxic to cell and causes inhibition sugar and amino acid [13], protein [14], Leaf nitrate [15]
of plant or even death [10]. Excess of copper causes an and enzymatic characters such as In vivo nitrate reductase
elevated susceptibility to photo inhibition of Ps-II in vitro activity [16], catalase and peroxidase [17] were analysed
and in vivo. It has long been known that high as per the method proposed by those mentioned within
concentration of copper when added to the incubation the parenthesis.
medium of isolated thylakoids inhibits PS-II electron
transfer activity on the acceptor sites. In addition, copper RESULTS AND DISCUSSION
toxicity is related to disturbances in the uptake of
essential elements [11]. The objective of the present study The results obtained on the effect of different
is to find out the effect of copper in toxic level on the concentration of copper chloride were summarized and
general growth of semiarid crop millet – a common plant discussed in this study. The results showed that the
largely cultivated in and around sivakasi with high morphometric characters such as root length, shoot
nutrient value. length, leaf area, fresh weight and dry weight decreased

MATERIALS AND METHODS (Table 1). The levels of chlorophyll and carotenoids

Both control and experimental seeds were allowed to (Table 2). Similarly the total soluble sugar and protein also
grow in soil. After seven days the seedling of Eleusine showed a declining trend (Table 3). In contrary the leaf
coracana (L) Gaertn were treated with various nitrate, free amino acid and proline and antioxidant
concentrations of copper chloride (2mM, 2mM, 6mM, enzyme such as peroxidase and catalase increased with
8mM and 10mM v/v). After ten days of copper treatment the increasing in the metal concentration (Table 3). But
various morphometric, pigmental, biochemical and nitrate reductase activity decreased (Table 4). The copper
enzymatic characters were analysed. content of the treated and control seedlings of

Ten days copper treated plants of E.coracana (L) E.coracana(L) Gaertn was finally estimated using Atomic
Gaertn were used for measuring the morphometric absorption spectroscopy study Table (5).
characters such as shoot length, root length, leaf area, Copper can induce degradation of biological
fresh weight and dry weight were measured by membranes, chlorophyll breakdown and protein
conventional method manually. But the pigmental denaturation and DNA mutation [18]. The reduction in
characters such as chlorophyll a, chlorophyll b, total sugar contents may be attributed to reduction in
chlorophyll and carotenoids [12]. chlorophyll  contents  of  the  leaf  and  also  a   decline  in

with increase in the concentration of copper chloride

decreased but  the  level  of  anthocyanin  increased

Table 1: Impact of various concentration of Copper chloride on the morphometric characteristics of Eleusine coracana (L) Gaertn
Concentration Shoot Length Root Length Leaf area Fresh weight Dry weight
Control 22.03 ± 0.120(100) 12.53 ± 0.176(100) 6.23 ± 0.088(100) 1.88 ± 0.038(100) 0.16 ± 0.014(100)
2mM 21.13 ± 0.145(95.92) 11.46 ± 0.233(91.49) 5.56 ± 0.145(89.31) 1.54 ± 0.062(81.83) 0.14 ± 0.012(87.77)
4mM 19.63 ± 0.218(89.11) 10.46 ± 0.145(83.51) 4.93 ± 0.088(79.15) 1.18 ± 0.073(62.92) 0.12 ± 0.088(77.57)
6mM 17.63 ± 0.606(80.03) 9.93 ± 0.088(79.26) 4.36 ± 0.120(70.06) 1.05 ± 0.050(55.85) 0.10 ± 0.088(65.32)
8mM 15.73 ± 0.272(71.41) 9.46 ± 0.233(75.53) 3.56 ± 0.185(57.22) 0.86 ± 0.021(45.78) 0.07 ± 0.088(46.95)
10mM 14.73 ± 0.290(66.87) 8.66 ± 0.185(69.15) 2.73 ± 0.088(43.85) 0.70 ± 0.016(37.47) 0.06 ± 0.003(40.82)
Values in parenthesis indicate percent activity; value represents mean of 10 samples with their standard error (±) 

Table 2: Impact of various concentration of Copper chloride on the photosynthetic pigments of Eleusine coracana (L) Gaertn
Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids Anthocyanin

Concentration (mg/gLFW) (mg/gLFW) (mg/gLFW) (mg/gLFW) (mg/gLFW)
Control 32.85 ± 0.654(100) 23.09 ± 0.984(100) 55.11 ± 0.859(100) 0.48 ± 0.009 (100) 10.86 ± 0.238(100)
2mM 25.13 ± 0.615 (76.49) 20.27 ± 0.797 (87.78) 48.96 ± 0.596 (87.52) 0.42 ± 0.008(87.02) 11.313 ± 0.311 (104.2)
4mM 23.26 ± 0.613 (70.81)  19.89 ± 0.673 (86.15) 40.24 ± 0.562 (71.92) 0.35 ± 0.006(73.44) 13.28 ± 0.399(122.3)
6mM 14.64 ± 0.599 (44.57) 15.64 ± 0.394(67.72) 33.32 ± 0.528(59.57) 0.27 ± 0.005(56.78) 16.84 ± 0.446 (155.1)
8mM 13.71 ± 0.458 (41.73) 12.91 ± 0.158 (55.91) 29.94 ± 0.471(53.52) 0.28 ± 0.008 (55.65) 22.78 ± 0.486 (209.8)
10mM 13.16 ± 0.184(40.09) 10.83 ± 0.094 (46.91) 10.76 ± 0.090(19.24) 0.24 ± 0.004(50.38) 26.00 ± 0.815 (239.4)
Values in parenthesis indicate percent activity; value represents mean of 10 samples with their standard error (±) 
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Table 3: Impact of various concentration of Copper chloride on the biochemical characteristics of Eleusine coracana (L) Gaertn.
Total soluble sugar Total soluble protein Amino acid Proline Leaf nitrate

Concentration (mg/g LFW) (mg/g LFW) (µMole/g LFW) (mg/g LFW) (mg/g LFW)
Control 10.93 ± 0.176(100) 3.25 ± 0.172(100) 3.63 ± 0.315(100) 3.50 ± 0.037(100) 0.014 ± 0.0004(100)
2mM 7.63 ± 0.112(71.81) 2.88 ± 0.111(88.62) 6.16 ± 0.273(166.3) 4.12 ± 0.033(117.8) 0.022 ± 0.0004(153.1)
4mM 4.69 ± 0.092(42.88) 2.06 ± 0.083(63.57) 7.96 ± 0.190(219.3) 4.89 ± 0.030(139.8) 0.024 ± 0.0004(169.2)
6mM 3.74 ± 0.023(34.20) 1.32 ± 0.109(40.86) 9.58 ± 0.273(263.9) 5.24 ± 0.017(149.9) 0.027 ± 0.0007(195.4)
8mM 2.13 ± 0.072(19.54) 1.11 ± 0.051(34.40) 9.53 ± 0.266(262.70) 5.56 ± 0.019(159.0) 0.034 ± 0.0008(226.9)
10mM 1.32 ± 0.050(12.07) 1.09 ± 0.044(33.76) 10.89 ± 0.421(300.00) 6.27 ± 0.017(179.3) 0..033 ± 0.0004(238.5)
Values in parenthesis indicate percent activity; value represents mean of 10 samples with their standard error (±) 

Table 4: Impact of various concentration of Copper chloride on the enzyme activity of Eleusine coracana (L) Gaertn
Catalase Peroxidase NR Activity

Concentration (mg/g LFW) (mg/g LFW) (µMole/g LFW)
Control 0.40 ± 0.038(100) 3.58 ± 0.050(100) 0.44 ± 0.073(100)
2mM 0.60 ± 0.038(133.3) 4.20 ± 0.028(117.2) 0.30 ± 0.016(68.75)
4mM 0.73 ± 0.038(166.7) 4.39 ± 0.046(122.6) 0.25 ± 0.013(57.0)
6mM 0.93 ± 0.038(216.7) 4.69 ± 0.044(130.9) 0.21 ± 0.024(47.92)
8mM 1.13 ± 0.076(216.7) 5.38 ± 0.038(150.2) 0.19 ± 0.016(43.75)
10mM 1.53 ± 0.050(375) 5.73 ± 0.033(159.7) 0.14 ± 0.013(32.0)
Values in parenthesis indicate percent activity; value represents mean of 10 samples with their standard error (±)

Table 5: Atomic absorption spectroscopy result of Copper chloride in
Eleusine coracana (L)

SAMPLE Atomic absorption spectroscopy in ppm
SAMPLE 1 (Control) 0.0389ppm
SAMPLE 2 (2 mM) 0.1231ppm
SAMPLE 3 (4 mM) 0.1891ppm
SAMPLE 4 (6 mM) 0.3781ppm
SAMPLE 5 (8 mM) 0.3922ppm
SAMPLE 6 (10 mM) 0.5739ppm

protein. This change might have already affected the
photosynthetic activity of the plant and hence the
reduction in contents [19].

Accumulation of proline has been frequently used as
biochemical marker for water stress in plants [20]. Under
stress condition the inhibition of growth of cells, leaves
and the whole plant were accompanied by an
accumulation of nitrate in plant tissue particularly in
leaves [21].

The leaf nitrate content was found to be more in
copper treated plants paralleling with the reduction in
nitrate reductase activity. The peroxidase activity was
reported to be increased with the increase in the
concentration of the copper chloride and cause a major
impact on the chlorophyll degradation. An increase in the
amino acid and proline content after match, sugar
industrial effluent treated has already been reported [22],
[23]. Catalase is an antioxidant and scavenging enzyme,
found to be increased with the increasing concentration
of copper chloride. Both the catalase and peroxidase
catalyze the degradation of H O , which is a natural2 2

metabolite and also toxic to plants [24].

CONCLUSION

The result  of  present   investigation   clearly
showed that the comparison of the values given in
parenthesis of treated plants with control reveals that
copper chloride has seriously affected the finger millet
plants.
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