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Abstract
Large areas of soils have been contaminated by heavy metals, which are deleterious to the existence,
reproduction and development of living organisms including plants, animals and microorganisms. The
contamination of nature compartments by heavy metals has become a serious environmental problem. Due to
the high cost of conventional clean-up technologies, there is an increasing interest in the remediation of
contaminated sites using biological environmental friendly technique. One such method is Phytoremediation - A
technique in which soil contamination due to industrial activities is minimized. It is a method, which isolates
and detoxifies the heavy metal pollutants. Phytoremediation of soil contaminated by heavy metals has been
widely accepted as a cost-effective and environmental-friendly clean-up technology. During the exposure of
plants to contaminated soils the antioxidant defence system helps the plant to protect itself from the damage.
Antioxidants are substances used by the body to protect itself from damage caused by oxidation due to toxic
environment. Helianthus annus (Sunflower) and Solanum nigrum (Black night shade) are common plants grown
in all parts of the world. In the present work the plants Helianthus annus and Solanum nigrum were exposed to
the heavy metal Chromium contaminated soils and the biochemical factors, vitamins and minerals factor and
antioxidant factors were investigated. From the results it is evident that the heavy metal chromium affects
significantly the biochemical factors, vitamins and minerals factor and antioxidant factors in both the plants.
While comparing the antioxidant property between the two plants, Solanum nigrum is found to be having higher
antioxidant property than Helianthus annus.
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INTRODUCTION
The sunflower (Helianthus annus) is an annual
plant native to the Americas in the family
Asteraceae, with a large flowering head
(inflorescence).
The black nightshades (Solanum nigrum L. and
related species) are worldwide weeds of arable
land, gardens, rubbish tips, soils rich in
nitrogen, in moderately light and’ warm
situations which occur from sea to montane
levels. They are, however, also widely used as
leafy herbs and vegetables, as a source of fruit
and for various medicinal purposes.
Helianthus annus and Solanum nigrum was
exposed to the metal Chromium contaminated
soils and the biochemical factors, vitamins and
minerals factors and antioxidant factors were
tested and the results were discussed.
MATERIALS AND METHODS
Preparation of polluted soil

Top soil upto 15 cms depth, was collected from
the fertile agricultural lands of Kaniyambadi

village near Vellore Town. The samples were
air dried, crushed to powder and sieved in 0.5
mm mesh. The sieved soil samples were stored
in polythene bags.
Different concentrations of Sodium dichromate
were mixed with 500 gms of the soil samples
and the saplings of the Helianthus annus and
Solanum nigrum plants was planted in different
pots. The toxicity of the cadmium metal on the
both the plants was investigated after a time
period of two weeks.
The sublethal concentration and half of
sublethal concentration of the Sodium
dichromate solution were selected for the
toxicity studies of the chromium on the
Helianthus annus and Solanum nigrum plants.
The plants were exposed to the above metal
contaminated soils for four weeks and the
biochemical factors, vitamins and minerals
factors and antioxidant factors were tested as
per standard methods.
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acid except proline were considerably reduced
in the plants sample of both Helianthus annus
and Solanum nigrum exposed to heavy metal
Chromium contaminated soil.
This may be because proline a non essential
amino acid is synthesized in the living
organism whenever it is subjected to stress such
as high or low temperatures, high salinity,
sodicity, high heavy metal exposures etc.
Proline accumulation is a common metabolic
responses of higher plants to water deficits, and
salinity stress, and has been the subject of
numerous reviews over the last 20 years
(Stewart and Larher, 1980; Thompson, 1980;
Stewart, 1981; Hanson and Hitz, 1982; Rhodes,
1987; Delauney and Verma, 1993; Samaras et
al, 1995; Taylor, 1996; Rhodes et al, 1999).
Proline protects membranes and proteins
against the adverse effects of high
concentrations of inorganic ions and
temperature extremes (Pollard and Wyn Jones,
1979; Paleg et al, 1981) Proline may also
function as a protein-compatible hydrotrope
(Srinivas and Balasubramanian, 1995), and as a
hydroxyl radical scavenger (Smirnoff and
Cumbes, 1989).

Determination of total carbohydrates by
Anthrone method
Protein estimation by Lowry’s method
(Lowry et al, 1951)
Estimation of protein, total free amino
acids, proline, reduced glutathione (Moron
et al.), superoxide dismutase (Misra and
Fridovich, 1972) and catalase (Beers and
Siezer, 1952) are done by colorimetric
method
Estimation of free fatty acids (Titration)
DPPH free radical scavenging activity
(Blosi, 1958)

RESULTS AND DISCUSSION
In the present research work an attempt has
been made to study the effect of Chromium
metal polluted soils on the various antioxidant
factors, vitamins and minerals factors and
biochemical properties of the plants Helianthus
annus and Solanum nigrum.
Table – 1 represents the Biochemical factors of
the plants Helianthus annus and Solanum
nigrum grown in fertile garden soil, sublethal
and half of sublethal Chromium polluted soil.
The total carbohydrates, total proteins, fats,
chlorophyll, Total amino acid and the amino

Table – 1 Biochemical Factors of the plants Helianthus annus and Solanum nigrum
Helianthus annus
Solanum nigrum
Factors
Sublethal
Half of
Sublethal
Half of
Control
Control
Cr
sublethal Cr
Cr
sublethal Cr
CHO g/100g

6.7

4.1

4.3

7.7

5.3

6.8

Protein g/100g

3.83

1.77

2.01

7.63

5.42

6.42

Fat g/100g

0.8

0.41

0.56

0.8

0.69

0.75

16.8

11.8

12.2

20.8

15.4

17.1

3.6

2.1

2.9

4.1

3.3

3.51

3.1

5.4

5.1

4.8

6.1

4.1

Chlorophyll
g/100g
Total amino acid
g/100g
Proline g/100g
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Table – 2 Vitamins and Minerals Factors of the plants Helianthus annus and Solanum nigrum
Factors

Control

Helianthus annus
Half of
Sublethal
sublethal
Cr
Cr

Solanum nigrum
Control

Sublethal Cr

Half of
sublethal Cr

Total Phenolics
mg/100g

374

312

331

910

598.6

716.6

- Carotene µg/100g

28.9

18.7

21.6

44.3

38.4

40.4

98

103

480

375

458

Ascorbic acid µ/100g 126
Thiamine µ/100g

0.14

0.09

0.107

0.15

0.13

0.14

Total Ash g/100g

9.2

7.53

8.35

3.0

1.9

2.9

K mg/100g

510

435

475

410

324.5

363.5

Na mg/100g

32.4

25.5

28.5

33

27.8

30.2

Fe mg/100g

3.8

2.15

2.95

52

32.9

43.14

Ca mg/100g

446

325

385

430

312

410

Table - 2 shows the vitamin and mineral
content of the plants Helianthus annus and
Solanum nigrum grown in fertile garden soil,
sublethal and half of sublethal Chromium
polluted soil.
The factors were reduced significantly in the
heavy metal contaminated soil. The vitamins
A, B and C and total phenolics and other
minerals were significantly high in the normal
plant showing that the plant is rich in
antioxidant phytochemicals.
Table - 3 shows the antioxidant enzyme levels
and the percentage antioxidant activity of the

plants Helianthus annus and Solanum nigrum
plant. The antioxidant activity was found to be
the maximum when the plants exposed to
control soil. The same has been reduced much
in the plants exposed to sublethal Chromium
and half of sub lethal Chromium exposed soil
This shows that the free radical scavenging
activity is reduced much in the plant exposed to
heavy metal contaminated soils. The enzymes
Superoxide dismutase, catalase and glutathione
were increased significantly in the plant sample
exposed to heavy metal contaminated soils.

Table –3 Antioxidant properties of the plants Helianthus annus and Solanum nigrum
Helianthus annus
Factors

Solanum nigrum

Control

Sublethal
Cr

Half of
sublethal Cr

Control

Sublethal
Cr

Half of
sublethal Cr

AOA %

86

68

71

110

66

75

SOD gm / minute /
mg protein

617

484

535

518

630

737

GSH mg/g

10.02

7.1

8.4

16.1

17.4

19.3

Catalase
µ/mol/min/g

5.85

4.1

4.72

7.85

7.86

8.92
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Though some heavy metals are essential as
micronutrients, uptake of higher concentrations
of heavy metal is found to be toxic for plants.
Certain metals are known to produce/act as
catalysts for the production of free radicals in
biological systems (Aust, 1989; Dietz et al.,
1989).
Many heavy metals like Fe, Cu, Cd, Cr, Zn, etc.
have been shown to cause oxidative damage in
various higher plants (Luna et al., 1994) The
availability of heavy metals to plants and, thus,
their toxicity depends on complex rhizospheric
reactions involving not only exchange
processes between soil and plants but also
microbial activities.
Heavy metals and antioxidative defences
There is ample evidence that exposure of plants
to excess concentrations of redox active heavy
metals such as Fe and Cu results in oxidative
injury (De Vos et al., 1992; Gallego et al.,
1996; Wecks and clijsters, 1996; Mazhoudi et
al., 1997; Yamamoto et al., 1997). The ability
of plants to increase antioxidative protection to
combat negative consequences of heavy metal
stress appears to be limited since many studies
showed
that
exposure
to
elevated
concentrations of red ox reactive metals
resulted in decreased and not in increased
activities of anti-oxidative enzymes.
Exposure to heavy metals also provoked
pronounced responses of antioxidative systems,
but the direction of the response was dependent
on the plant species and tissue analyzed, the
metal used for the treatment and the intensity of
the stress. However, some common reaction
patterns can be found.
In most cases, exposure to heavy metals
initially resulted in a severe depletion of GSH
(Cd: Rauvolfia serpentine: Grill et al., 1987:
pine Schutzendubel et al., 2001; carrot di Toppi
et al., 1999; tobacco: Vogeli-Lange and
Wagner, 1996; Cu: Silence cucubalus: de Vos
et al., 1992; Cu or Cd: Arabidpsis: Xiang and
Oliver, 1998; Ni and Zn pigeonpea: Rao and
Sresty, 2000; Fe, Cu or Cd: sunflower leaves:
Gallego et al., 1996). This is a common
response to Cd caused by an increased

consumption of glutathione for phytochelatin
production (Zenk, 1996; Mehra and Tripathi,
1999).
The significance of phytochelatin for protection
from heavy metals has frequency been
reviewed (Rauser, 1995; Zenk, 1996; Mehra
and Tripathi, 1999) and therefore, will be
summarized here only briefly. Phytochelatins
sequester heavy metals. For Cd, the formation
of
Cd-thiolate
(Cd-S)
complexes
in
phytochelatins has been shown (Strasdeit et al.,
1991).
The chelated metals are transported to the
tonoplast, taken up to active transport systems,
and deposited in the vacuole (Tommasini et al.,
1998; Rea, 1999). This mechanism contributes
to the protection from heavy metal toxicity in
several plant species and in some fungi as well
(Ishikawa et al., 1997).
From the above results it is evident that the
heavy metals Chromium affects significantly
the biochemical factors, vitamins and mineral
factors and antioxidant enzymes in both the
plants. Among the two plants the antioxidant
property of Solanum nigrum is found to be
comparatively higher than Helianthus annus.
CONCLUSION
In the present work the plants Helianthus annus
and Solanum nigrum was exposed to the
Chromium metal contaminated soils and the
biochemical factors, vitamins and mineral
factors and antioxidant factors were tested. The
toxicity of the Chromium metal on Helianthus
annus and Solanum plant was investigated and
the results were tabulated. From the above
results it is evident that the heavy metal
Chromium affects significantly the biochemical
factors, vitamins and minerals factors and
antioxidant enzymes in both the plants
Helianthus annus and
Solanum nigrum.
Among the two plants the overall antioxidant
property of Solanum nigrum is found to be
comparatively higher than Helianthus annus.
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