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Abstract

According to Gill (2014), heavy metals are major environmental pollutants, especially in high anthropogenic areas. These heavy
metals can bind with essential cellular components of plant such as proteins, amino acids, chlorophyll and nitrogen and finally
influence their functions. Several water ferns are capable of accumulating Heavy Metals. One of which is Azolla species. So, it is
useful in the detoxification of industrial effluents. Roots of Azolla plant absorb pollutants including Heavy Metals Zn and Pb and
can be used for phytoremediation. The aim of this study was to assess the influence of heavy metal on some biochemical
parameters (Chlorophyll, Free Amino acid, Protein and Nitrogen) of water fern Azolla. Plants were grown in nutrient medium
(Shive and Robbins medium-I),according to Sheel & Sinha (2003), for 30 days containing heavy metals 2.5%, 5% and 10% of Zn
and Pb separately. These Heavy metals transfer from root to the shoot resulting in reducing the concentration of essential nutrients
such as K*, Na* and Mg** in plants and inhibits normal growth (Lumpkin and Plucknett, 1980). The uptake of heavy metals also
affect the concentration of Chlorophyll, Protein, Free Amino acid and Nitrogen. Result of the experiment also shows that high

concentration of Zn is more effective on biochemical parameters of Azolla sps. then high concentration in Pb.
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Introduction

Among various water pollutants, heavy metals are the major
concern because of their bioaccumulative nature (Lokeshwari
and Chandrappa 2007; Yadav et al. 2009; Chang et al. 2009)
22,37, 61 Continuous modernization increases urbanization and
industrialization which induces the level of heavy metals in
the biosphere (Lu et al., 2004) 231, Toxic levels of some heavy
metals appear as a result of environmental pollution due to
removal from mining, automobile traffic, manufacturing of
goods and agricultural wastes (Oncel et al., 2000) 7. Zinc
and lead compounds are widely used in industry to make
paint, rubber, detergents, dyes, wood preservatives and
ointments. Some amount of zinc is also released into the
environment by natural processes, but most comes from
human activities like mining, steel production, coal burning
and waste burning (Andra et al., 2010) ™. Heavy metals plays
an important role in many biochemical reactions within the
plants (Lu et al., 2004) [ as essential micronutrient. Several
plants species, such as water lettuce (Pistia stratiotes) (Mishra
et al., 2008) 81 water lilies (Nymphaea spontanea) (Choo et
al., 2006) [ parrot feather (Myriophylhum aquaticum),
creeping primrose (Ludwigina palustris), and watermint
(Mentha aquatic) (Kamal et al., 2004) 2% have been studied to
determine their potential in accumulating heavy metals.
Aquatic water ferns are capable of removing different type of
heavy metals from polluted water bodies. Aquatic ferns has an
ability to take up heavy metals and makes them interesting
research material in the treatment of industrial effluents and
sewage waters (Andra et al., 2010) M. Azolla is an aquatic
macrophytes and is derived from Greek word azo (to dry) and
allyo (to kill) meaning that plant dies when it dries. These

dichotomously branched free floating fast growing aquatic
ferns are naturally available on moist soils and marshy ponds.
The shape of Indian species is typically triangular measuring
about 1.5 to 3.0 cm in length, 1 to 2 cm in breadth. In the
dorsal leaf lobe there is an ellipsoidal cavity filled with gases
is lined with mucilage (Lumpkin. et al., 1980) [ 32 which
contains the cyanobiont Anabaena azollae (Peters et al., 1980)
[221 and a gram positive non-nitrogen fixing bacteria (Hates et
al., 1980) P identified as Arthrobacter species (Grilli Caiola
et al., 1988) 1, Azolla sps. is worldwide distributed and have
been intensively studied due to their high growth rates
combined with high bioremediation efficiency rich in proteins,
essential amino acids, vitamins A, B12, beta-carotene, growth
promoter intermediates and minerals like calcium,
phosphorus, potassium, iron, copper and magnesium. Being
rich in Phosphorus and Nitrogen, Azolla has been successfully
used as a green manure in rice fields in Asia and Africa and as
a feed supplement for aquatic and terrestrial animals
(Marwaha. et al., 1992 and Teckle-Haimanot et al., 1995) [
I, Zinc deficiency in plants affect photosynthesis due to
altered chloroplast pigments (and Késesakal, and Unal, 2009)
21 The most visible zinc deficiency symptoms are short
internodes and a decrease in leaf size and delay in maturity
(Brown et al., 1993) 51,

The present investigation demonstrates that the Heavy Metals
(Zinc and Lead) affect biochemical parameteres
(Chlorophylls, Free amino acids, Proteins and Nitrogen.) of
Azolla plant during phytoremediation.

Material and Methods
Plants were collected from natural pond of Rajendra

120



International Journal of Biology Research

Agriculture University, Pusa, Bihar. The pond was provided
with fresh water without additional fertilizers. Azolla
filliculoid plants were maintained and cultured in the Ganga
Devi Mahila Mahavidyalaya, Kankarbagh, Bihar, India under
control condition of temperature (27°C in Day and 22°C in
night) and constant day length (16 hrs light and 8 hrs dark).

Biochemical Tests

Seven containers were taken and 500ml of Shive and Robbins
medium-1 was poured in each container. Three container
contained 2.5%, 5% & 10% Zinc, whereas the other three
contained the above mentioned percentage of Lead and one
container with only nutrient medium, was considered as
control. After 30 days of culture, the plant materials were
taken from Control and also from each container containing
different percentage of Zinc and Lead for detection of
Chlorophyll — a, Chlorophyll-b, Total Chlorophyll and some
plants were air dried for Amino acid, Protein and Nitrogen
detection.

Test for Total Chlorophyll
(www.jenway.com/adminimages/A09 001A_Spectrophotome
try): 0.5gm of fresh plant leaves were taken, pulverized with
5ml of 90% Acetone, left for 2-3 minutes. The extract was
filtered through Whatman No. 1 filter paper into a volumetric
flask. Spectrophotometer was set up in Spectrum mode to scan
between 665nm for total Chlorophyll, 662nm For Chlorophyll
a and Chlorophyll b at 646nm.

Test for free amino acid (Ninhydrin test): 2gm of crushed
plant tissue powder was weighed and ground in a pastel and
mortar with a small quantity of washed sand. To these
homogenate 5 to 10ml of ethanol (80%) was added, filtered
and centrifuged. The extract was used for quantitative
estimation of total free amino acids. 1ml of extract and 1ml of
ninhydrin and 2ml of D.W was added in a fresh test tube and
heated in a boiling water bath for 20 minutes. To which 5ml of
90% ethanol was added and content were mixed. After 15
minutes the intensity of the purple colour against a reagent
blank on spectrophotometer at 570 nm was recorded.

Crude protein test (Biuret test): Fresh tissue was
homogenized in chilled TCA (Trichloro acetic acid) and
centrifuged at 5000rpm. Residue was treated with NaOH and
filtered. 4 or 5 drops of Biuret reagent was added and
incubated for 10 minutes at room temperature. Absorbency

was measured at 540 nm.

Test for nitrogen: Dried sample was sent to CDRI Lucknow
for detection of Nitrogen percentage.

Results and Discussion

Excess micro-nutrients (Zinc and Lead) transfer from root to
the shoot that reduces the concentration of essential nutrients
of plant and affect (Lumpkin and Plucknett, 1980) 24 321 their
metabolic parameters. Zinc and Lead are mobile and bio-
accessible metal, which accumulate in soil and penetrate the
food chain easily through plants. Pb uptake in the root of
water fern was higher than in the stem and leaves (Erzsebet
Buta et al. 2011) 1%, The accumulation of Pb is higher in the
case of a low concentration (below 4%). In the stem and
leaves the translocation of Pb was lower than root (Erzsebet
Buta et al., 2011) 1% So, it showed less effect then Zn. The
high dose (10%) of lead and Zinc negatively influenced the
process of growth length and metabolic parameters of plants.
Resulted data of biochemical test shows that the total
Chlorophyll (Chlorophyll CssH720sN4sMg, Chlorophyll a —
C55H7205MgN4, CthfOphyll b- C55H7006MQN4) concentration
increases in plants simultaneously with increase of Zn and Pb
level in growth medium. The concentration of nitrogen also
increased with increase of Zn and Pb concentration in growth
medium. Plants uptake nitrogen in the form of ammonia or
nitrate.

Chlorophyll a, b and total Chlorophyll concentration was
slightly affected in 2.5% concentration of Zn and Pb, in the
growth medium, because these heavy metals are
micronutrients and all micronutrients are beneficial for plants.
According to Deval et. al., 2012 1. Azolla showed maximum
efficiency of accumulation of Zn up to 5% of concentration.
Due to this reason, plants were severely affected by 10%
concentration of Zn and Pb. According to Khalil et. al., in
1998 1, Zinc deficient leaves appeared light green due to the
low concentration of chlorophyll. Hisamitsu et al., 2001 18],
investigated that Zinc deficiency disrupted the chlorophyll
synthesis in some plants. The accumulation of Zinc increased
chlorophyll contents as it acts as a structural and catalytic
components of proteins, enzymes and co-factors for normal
development of pigment biosynthesis (Balashouri, 1995) [28],
Chlorophyll and nitrogen concentration slightly increase in
2.5% and 5% concentration of Zn and Pb in growth medium
but greatly increase in 10% concentrations.

The results are presented in Tables, Figure and Figure.

Table 1
Chlorophyll Control Pb Supplemented Zn Supplemented
2.5% 5% 10% | 2.5% 5% 10%
Chlorophyll a CssH7206MgN4 0.18 0.18 0.19 0.04 023 0.26 0.30
Chlorophyll b CssH700sMgN4 0.10 0.11 0.14 0.16 0.16 0.19 0.24
Total Chlorophyll CssH7205N4sMg 0.35 0.38 0.42 0.49 0.48 0.51 0.56
Nitrogen (in pg/gm dried leaves) 2.400 2402 | 2.450 | 2.530 | 2.440 | 2.500 | 2.765

Absorbancy of Chlorophyll a at 662nm, Chlorophyll b at 646nm, Total Chlorophyll at 665nm & CDRI Lucknow

for detection of Nitrogen percentage.
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Fig 1: Chlorophyll content at 2.5% concentration of Zinc and Lead in growth medium after 30 days

of harvesting.
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Fig 2: Chlorophyll content at 5% concentration of Zinc and Lead in growth medium after 30 days of harvesting.
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Fig 3: Chlorophyll content at 10% concentration of Zinc and Lead in growth medium after 30 days of harvesting.
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Table 2
Control | Pb Supplemented Zn Supplemented
Amino acid 25% | 5% | 10% | 2.5% | 5% | 10%
0.20 0.17 | 0.15 | 0.14 | 0.14 | 0.11 | 0.09
Total Protein 0.19 0.19 | 0.186 | 0.12 | 0.19 | 0.16 | 0.10
0.25 0.2
0.18 ——N
0.2 0.16 \ \
E £ \\
S ~_ S 014 N
2 015 Y012
= o — Control ] \ Control
9 \ Pb Suppl g ot Pb Suppl
£ —Pb Suppl. £ —Pb Suppl.
g 0.1 T 0.08
"E e w71 Suppl. E 0.06 Zn Suppl.
£ 2 .
< 0.05 < 004
0.02
0 0
2.50% 5% 10% 2.50% 5% 10%
Fig 7: Amino acid concentration in Zinc and Pb Supplemented medium after Fig 8: Protein content in Zinc and Lead supplemented medium after
30 days of harvesting. 30 days of harvesting.
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Fig 9: O.D of Amino Acid at 570nm and Protein at 540nm.

Excess Zinc and Lead causes the decline in protein and amino
acid content. Decline in protein level are due to decrease in
level of Nitrate reductase activity that affects total protein
content in plant (Beevers & Hageman, 1969) Bl Lead inhibit
total amylase activity in Avena sativa L. (Bhushan and Gupta,
2008) and Nitrate reductase Vigna radiate (Gautam et al.,
2008) 161,

Excess heavy metals concentration in growth medium
suppress the metabolic pathway of some free amino acids.
Proteins are made up of amino acids so, both are affected
simultaneously. Zinc and lead are an essential and beneficial
element for human bodies and plants because they are
essential microelement, but when they are present in excess
quantity they induces toxic environmental factor (Xiaomei et
al., 2004) B¢, Zinc and Lead reduced the protein content in
Vicia faba.L. (Singh 2007) B, Toxicity may result from the
binding of metals to sulphydryl group in protein leading to an
inhibition of activity or disruption of structure or by the
displacement of an essential element (Van Assche and
Clijsters, 1990) B°1. Decreases in protein level might be due to
the breakdown of the protein synthesis mechanism at the toxic
concentration level of heavy metal or due to reduced
incorporation of free amino acid into protein. Protein showed
decreasing trend with increase in zinc concentration in V.
mungo (Pavadai et al., 2004) 131 Protein degradation might
contribute to amino acid accumulation in metal stress plant
(Chen et al., 2001) Bl Protein get damage due to reactive
oxygen species, which cause oxidation of protein (Reinhackal
et al., 1998). Some amino acids are modified by heavy metals
and such modification affect proteins (lan, 2006).

From the present investigation, it is clear that the biochemical
data confirms the alteration of Chlorophyll, Free amino acid,
Protein and Nitrogen. Which might be due to higher uptake of
heavy metals and indicates the harmful nature of effluent.

Conclusion

It can be concluded that Azolla plant absorbs high quantity of
Zn and Pb which affect their growth and biochemical
parameters. Zinc accumulate in large quantity in shoot and
leaves where as Pb concentration is high in root (Lumpkin and
Plucknett, 1980) 1+ 321, Excess concentration of Zn and Pb
affect concentration of Chlorophyll, Free amino acid, Protein
and Nitrogen. The Chlorophyll and Nitrogen content increases
with increase in concentration of Pb and Zinc in growth
medium, The Chlorophyll contains nitrogen, so, concentration

of nitrogen also increases with increase of chlorophyll content.
But Proteins made up of amino acids so, amino acid reduces
the concentration of protein, whereas the concentration of
proteins and amino acids decreases with the increase in uptake
of Zinc and Lead.
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