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Chapter 1

Introduction
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Exploration of Cyanobacterial flora from North
Solapur Tehshil of Solapur district(Mah)
1.introduction :
1.1 : Cyanobacteria

Cyanobacteria are photo-autotrophic gram negative prokaryotes, also known as
blue-green algae. They are the simplest known photo-autotrophic organisms
having characteristics of both bacteria and algae and are one of the oldest life
forms on earth dating back 3.5 billion years. They grow in a wide variety of
habitats and > 2000 species are recorded with many new species still being
discovered. Cyanobacteria exhibit three morphological forms, i.e., coccoid,
unbranched filamentous and branched filamentous; and two functional groups,
i.e., heterocyst bearing, nitrogen fixing, filamentous forms and nonheterocystous, non nitrogen fixing filaments. Although this description is
generally true, many non-heterocystous species are known to fix atmospheric
nitrogen.
In aquatic habitats, cyanobacteria are regarded as harmful due to their
association with environmental problems – fouling water bodies, blocking water
supplies, unpleasant appearance and stinking odours, causing diseases and
toxaemia etc. Due to this image, and a lack of sophisticated techniques to aid
their study, scientists have overlooked the more positive attributes of
cyanobacteria and branded them as 'nuisance scum'. Initial research focused on
their harmful significance, but much of this recently has been re-evaluated to
show the positive economic utilization of cyanobacteria. This turnaround is
thanks to Spirulina (a non heterocystous filamentous genus of cyanobacteria),
which first drew the attention of biotechnologist towards the beneficial aspects
of cyanobacteria. Today Spirulina is considered to be 'the richest green food on
13

earth' due to its high nutritional quality. With technological advances and the
recent realization of cyanobacteria's immense applied biotechnological potential
and suitability for gene manipulation, they have become organisms of choice for
research and development. Today we know that cyanobacteria produce a variety
of remarkable compound that have shown potential application in major disease
management, such as cancer, asthma, arthritis, diabetes, HIV etc (Skulberg,
2000). The application of cyanobacteria is not only restricted to the medical
field but they have also showed immense potential in wastewater and industrial
effluent treatment, bioremediation of aquatic and terrestrial habitats, chemical
industries, biofertilizers, food, feed and fuel, cosmetics, etc (Fatma, 1999). The
fundamental prerequisite for exploring the biotechnological potential of
cyanobacteria is to screen as many species as possible and this can only be
achieved through culture collections.
1.2 : Phytoplankton :
Eutrophication is the enhancement of the natural process of biological
production in rivers, lakes and reservoirs, caused by increases in levels of
nutrients, usually phosphorus and nitrogen compounds. Eutrophication can
result in visible cyanobacterialor algal blooms, surface scums, floating plant
mats and benthic macrophyte aggregations. The decay of this organic matter
may lead to the depletion of dissolvedoxygen in the water, which in turn can
cause secondary problems such as fish mortality from lack of oxygen and
liberation of toxic substances or phosphates that were previously bound to
oxidised sediments. Phosphates released from sediments accelerate
eutrophication, thus closing a positive feedback cycle. Some lakes are naturally
eutrophic but in many others the excess nutrient input is of anthropogenic
origin, resulting from municipal wastewater discharges or run-off from
fertilizers and manure spread on agricultural areas. Losses of nutrients due to
erosion and run-off from soils.
may be low in relation to agricultural input and yet high in relation to the
eutrophication they cause, because concentrations of phosphorus of less than 0.1
mg l-1 are sufficient to induce a cyanobacterial bloom.
14

1.3 : North Solapur Taluka
1.3.1 GEOGRAPHY
Solapur district is situated entirely in Bhima, Nira, Sina and Man river basins in
southern Maharashtra. It lies betrween 17 0 10‟ and 180 32‟ north latitude and
740 42 and 760 15‟ east longitudes.The district is surrounded by Ahmadnagar
district on the north, Osmanabad district to the north east,Karnataka state to the
south east, Sangli district to the south west. Satara district to the west and Pune
district to the North West. Solapur district has an area of 14895 kms. The head
quarters of the district is located at Solapur which is important station on the
South- central Railway and is well connected by road. Solapur district is well
defined to its west as well as to its east by inward looking scraps of Phaltan
Range and the Osmanabad Plateau respectively. There are no prominent hill
ranges in the district. The district as a whole forms a broad flat or waving basin
occupied by the Bhima river which flows in the middle in a south easterly
direction. Except in Barshi, Karmala, Mohol, Malshiras and Sangole the district
has few hills and even these are isolated, individual, residual resistant remnants.
There are, however substantial subtle regional and local variations and on the
basis of these variations and terrain, the district may be broadly divided into
following geographical regions.
1. The western foot hill regions in the southern part of Malshiras and Western
Sangole.
2. The Nira basin in Malshiras Tahsil
3. The Man basin in Snagole, Mangalvedha and Southern part of Pandharpur
4. The Bhima Valley in Western Karmala, eastern Malshiras, Pandarpur,
5. Parts of Mangalveda and South Solapur
6. The central uplands in mid Karmala and Madha
7. The Sina – Bhogawati valleys in east central parts of the district i.e. east
Karmala and Madha, Barshi, Mohol, South and north Soalpur and
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8. The Akkalkot plains and the Bori valley.
North Solapur : North Solapur Taluka is one of the 11 tehsils of Solapur
District in the Indian state of Maharashtra. This tehsil is located in the eastern
side of district and is bordered by Osmanabad District to the northeast, South
Solapur to the south and east, Barshi Taluka to the north and Mohol Taluka to
the west. The tehsil headquarters is located at Solapur, which is also the district
headquarters and its largest city. As of 2001, the tehsil population was
960,803[2]
There are two meteorological observatories in the district, one at Solapur and
the other at Jeur. The data of Solapur are available for a longer period. The
records of these two observatories may be taken as fairly representative of the
meteorologicalconditions in the district in general. The cold season starts by
about the end of November when temperatures, especially night temperatures,
begin to fall rapidly. December is the coldest month with the mean daily
maximum at 29.39'C and the mean daily minimum at 14.8°C. The minimum
temperature may occasionally drop down to 4°C or 5°C. The period from about
the middle of February to the end of May is one of continuous increase of
temperature. May is the hottest month with the mean daily maximum
temperature at 39.9°C and the mean daily minimum at 25.1 The heat during the
summer season is intense and the maximum temperature may sometimes go up
to about 44°C or 45°C. Afternoon thunder-showers bring welcome relief from
the heat. The onset of the south-west monsoon by about the first week of June
brings down the temperatures appreciably. After the withdrawal of the southwest monsoon early in October day temperatures increase slightly but the night
temperatures steadily decrease. After mid-November both day and night
temperatures begin to drop rapidly. Except during the south-west monsoon
season the daily range of temperature is large and is of the order of 12°C to
16°Cat Solapur.The highest maximum temperature recorded at Solapur was
16

45.6°C on May 12,1939 and the lowest minimum was 4.4°C on January 7,
1945.

Fig. 1.1.Map of Solapur District

17

Fig 1.2 A Solapur District showing lacation of North Solapur Taluka
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Fig 1.2 B. Solapur District showing lacation of North Solapur Taluka
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Figure 1. 3 STUDY SITE NORTH SOLAPUR TALUKA
20

NORTH SOLAPUR
 TALUKA HEAD QUARTER - SOLAPUR
 DISTANCE FROM DISTRICT HEADQUARTER - 00 KMS.
 TALUKA AREA - 711.0 SQ. KMS.TOTAL POPULATION (AS PER
2001 CENSUS) - 960803
 TOTAL MALE POPULATION - 490620
 TOTAL FEMALE POPULATION - 470193
 DENSITY - 1305
 SEX RATIO - 958
 NO. OF VILLAGES - 54
 NO. OF REVENUE CIRCLES - 5
 NO. OF SAJJAS - 25
 AVERAGE RAINFALL - 617.3 MM
 NEIGHBOURING DISTRICT - OSMANABAD
 PLACES OF INTEREST - SOLAPUR – RELIGIOUS PLACE
FAMOUS FOR TEXTILE, CHADARS, TOWELS,
 NANNAJ – WILD LIFE

Fig1.. 4 . Map of Solapur city showing the study sites; KN, Kamber Lake (Sambhaji Lake); D, Degaon;
RB, Rupa Bhawani; MG, Mulegaon; LN, Ledi Nalla Siddeshwar lake (Courtesy: Google Maps India)

21

Chapter 2

Review of literature
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.2.1.

Biodiversity of freshwater cyanobacteria

One of the central questions in ecology is how biological diversity relates
to ecological function. This question has become increasingly relevant
as anthropogenic transformation of the earth has intensified (Peterson et
al., 1998). The distribution and abundance of species have been
radically transformed as massive land-use changes have eliminated
endemic species. This biotic reorganization is occurring with a variety of
other global changes, including climate change, alteration of nutrient
cycles, and chemical contamination of the biosphere. Despite the
demonstrated link between richness of species and ecological stability
over small scales, the nature of this connection remains uncertain.
Biological monitoring is often used exclusively to observe the
response of the ecosystem to changes in water quality. Selection of
phytoplankton species and assembly of plankton communities in rivers is
steered mainly by physical factors such as (Ibelings et al., 1998). The
relation of phytoplankton with other chemical variables (salinity, heavy
metals etc.) is not well characterized.
Gregor and Marsálek (2004) have undertaken a comparative study
of in vitro, in vivo and in situ methods for phytoplankton quantification by
chlorophyll a and have concluded that the use of submersible probes for
in situ phytoplankton quantification can be recommended as a sensitive
tool for water management, especially in the case of drinking water
resources.
Zeta potential and acid-base titrations of active, inactivated, and
dead Planktothrix sp. and Synechococcus sp. of cyanobacteria were
performed to determine the degree to which cell surface electric
23

potential and proton/hydroxyl adsorption are controlled by metabolism or
cell membrane structure (Martinez et al., 2008).

Dwivedi

et

al.

(2005) have reported extensive account of cyanobacterial diversity of
agro-climatic zones of Uttar Pradesh, India. The distribution of 45
species was as follows: 13 belonged to order Chroococcales, 31 to order
Nostocales, while only 1 species belonged to order Stigonimatales i.e.
Fischerella mucicola. The physico-chemical parameters like pH,
temperature, dissolved oxygen; electrical conductivity, nitrate, nitrite and
rainfall play an important role in the periodicity of blue green algae
(BGA). A positive correlation was found between dissolved oxygen (DO)
of different ponds and diversity of species, except in the case of western
region of Uttar Pradesh where a positive correlation was found in
electrical conductivity and total dissolved solids.
Cyanobacteria, belonging to the order Chroococcales and families
Oscillatoriaceae and Nostocaceae occur ordinarily as planktonic forms.
Cyanobacteria in freshwaters have been reported from sea level to high
altitudes. They also occupy a variety of terrestrial environments. Soil is
one of the most potential habitats for algal growth, particularly in moist or
waterlogged conditions (Thajuddin and Subramanian, 2005).
Parikh et al. (2006) have studied the diversity of cyanobacteria in
effluents originating from pesticides, agro-chemicals, textile dyes and
dyestuffs industries and
be influenced by the anthropogenic pollution. 40 different
cyanobacterial species were recorded from 14 genera of 5 families and
an elevated occurrence of Phormidium, Oscillatoria and Chroococcus
genera was observed in all the sampling sites.
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2.2. Soil cyanobacterial diversity

A substantial number of cyanobacteria are terrestrial. Species of
cyanobacteria representing 38 genera have been reported to be soilinhabitants (Metting, 1981). The cyanobacteria are often the „dominant
microalgae in soils' (Zimmerman, 1992). Many cyanobacteria carry out
photosynthesis and can grow only in the presence of light (obligate
photoautotrophs) but some species can grow on certain substrates in
darkness (facultative heterotrophs) (Kulik, 1995).
Gupta and Agrawal (2006) have studied survival of terrestrial bluegreen algae under stress conditions. Scytonema millei, Phormidium
bohneri and Lyngbya mesotricha survived 100% at atmospheric
temperatures of 5-36C and relative humidity 55-100% in rainy, winter
and spring seasons but the survival was 15-25% in summer when
atmospheric temperature reached 48C and relative humidity was



23 %.
In addition to biofertilizing activity, cyanobacteria also help
reestablishing microflora of soil. Acea et al. (2001) have investigated the
potential value of cyanobacteria as biofertilizers for accelerating soil
recolonization after fire. Cyanobacteria have been found to be promoting
microbiotic crust-formation. Tripathi et al. (2008) found that inoculation of
blue-green algae caused slight reduction in Cd, Ni and As content of
plants as compared to nitrogen fertilizer amendment. The high levels of
stress inducible non-protein thiols (NP-SH) and cysteine in fatty acids
decreased with the application of NF and BGA indicating stress
amelioration.
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Twenty-eight non-heterocystous filamentous cyanobacterial strains
were isolated from different locations in the rice fields of Uttar Pradesh
(Tiwari et al., 2001). These strains belonged to seven genera, namely
Pseudoanabaena, Limnothrix, Phormidium, Microcoleus, Plectonema,
Lyngbya and Oscillatoria. A wide variation was observed in these strains
with respect to dry weight, generation time and tolerance to biocides.
Nayak et al. (2008) have reported isolation of a set of 24 strains
belonging to the genus Anabaena (Phylum Cyanobacteria), from diverse
geographic locations in India. Cultures were characterized for their
morphological, physiological and biochemical diversity. The study also
highlighted the tremendous inter and intraspecific diversity within the
Anabaena isolates and indicated the potential as well as constraints of
the morphological and protein-profiling datasets for unambiguous
differentiation and analysis of diversity among the Anabaena strains.
The diversity among 853 isolates of nitrogen-fixing cyanobacteria
obtained from soil samples collected from different ecosystems including
mountainous, forest and cultivated areas in the central, northern and
northeastern regions of Thailand was examined by Teaumroong et al.
(2002). Most isolates showed slow growth-rate and had filamentous,
heterocystous cells. The percentage of heterocysts in the filaments of
different isolates varied from 8.3 to 9.6. Only a few strains showed high
nitrogen fixing potential, while most of the strains exhibited low capacity
for nitrogen- fixation. Anabaena and Nostoc were the dominant genera
among these isolates.
Generally, a high population of N2-fixing cyanobacteria was found
in agricultural areas where rice-cultivation was practiced, rather than in
other sites. The population dynamics in the mountainous and
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uncultivated areas were less fluctuating than in agricultural areas
(Chunleuchanon et al., 2003). The population densities in agricultural
areas increased in the rainy season and decreased during the dry
season. Other environmental factors such as temperature, moisture and
pH also affected the population densities in different habitats. The type
of ecosystem notably influenced Cyanobacterial diversity in both dry and
rainy seasons.
Parikh et al. (2006) have isolated 29 cyanobacterial species
belonging to 9 genera of 4 families, with an elevated occurrence of
Oscillatoria and Lyngbya species. No heterocystous cyanobacteria were
isolated throughout the study. It has been reported that the community
structure was seen to be influenced by such persistent pollution.
2.3. Bioactive compounds from cyanobacteria
Microalgae like other plants produce a variety of remarkable compounds
collectively referred to as secondary metabolites (Skulberg, 2000). They
are synthesized by the organism in cultures at the end of the primary
growth phase and into the stationary phase. The relevant substances
are diverse in their chemical structure and physiological function. The
term „bioactive molecule‟ is a slang expression in common use and
includes substances which may at low concentrations affect life
processes beneficial or harmful. Generally, it refers to secondary
metabolites that attract the attention of both scientists and industrialists.
In spite of being potential producers of a wide spectrum of natural
substances of vital human need, microalgae have so far been a rather
underexplored source in the development of biotechnology.
Screening of nearly two hundred microalgal strains (174
Chlorophyta and 23 Cyanobacteria) against some bacteria, filamentous
27

fungi and yeasts using a disc-diffusion type bioassay have been
reported by Ördög et al. (2004). The extracts were also found effective
against some tumour cell lines.
Scholz and Gerd Liebezeit (2007) have reported screening of
culture media of 24 commonly occurring microalgal and cyanobacteria
for total alkaloids, saponins, and phenol compounds, especially
flavonoids and tannins.
Biological control of plant pathogens, in a broad sense,
encompasses the utilization of methods that involve the use of
organisms other than man. Although the cyanobacteria, which 'constitute
the largest, most diverse, and most widely distributed group of
photosynthetic prokaryotes' have received little attention as potential
biocontrol agents of plant diseases (Kulik, 1995).
Table 2.1 Antifungal activity of cyanobacteria
Sr.
Organism
No.

Active
compound/extract

Reference

Aqueous extract

Prasanna et al.,
2008

1

Anabaena

2

Anabaena
aquae

3

Fischerella
muscicola

Fischerellin A

4

Gloeothece
repestris

Dichloromethane/M
Mian et al., 2003
eOH

5

Hapolosiphon
hibernicus

MeOH, PE extract

flos-

Dichloromethane/m
ethanol
and Mian et al., 2003
methanol/water
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Hagmann and
Jüttner, 1996

Soltani
2005

et

al.,

Cano
1990

et

al.,

6

Nostoc muscorum

Phenolic compound

7

Petalonema alatum

Dichloromethane/M
Mian et al., 2003
eOH

8

Phormidium sp.

RodríguezHexane, EtOH, and
Meizoso et al.,
Aqueous
2008

9

Scytonema
ocellatum

Phytoalexin

Patterson and
Bolis, 1997

10

Scytonema
spirulinoides

MeOH/water

Mian et al., 2003

11

Stigonema
ocellatum

Methanol extract

Soltani
2005

et

al.,

MeOH, Methanol; EtOH, ethanol

A number of cyanobacteria and eukaryote algae, particularly
macroalgae, produce various biologically active compounds (Kulik,
1995). These include antibiotics, which in laboratory tests inhibited
bacteria, and fungi that incite diseases of humans. In addition, the fungi
which are of interest to plant pathologists, were inhibited in vitro by
substances produced by various cyanobacteria. The saprophytes
Chaetomium globosum, Cunninghamella blakesleeana, and Aspergillus
oryzae, and the plant pathogens Rhizoctonia solani and Sclerotinia
sclerotiorum were inhibited by cyanobacterial extracts. Much additional
work remains to be done, however, to thoroughly evaluate cyanobacteria
and algae and their products for this role (Kulik, 1995). Table 1.3 gives
the list of cyanobacterial cultures with which antifungal activities are
reported in the literature.
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A review on human health risk assessment associated with human
exposure to cyanotoxins, secondary metabolites of an ubiquitous group
of photosynthetic procariota has been presented by Funari and Testai
(2008). Cyanobacteria occur especially in eutrophic inland and coastal
surface waters, where under favorable conditions they attain high
densities and may form blooms and scums. Both biological and chemical
methods are used to determine cyanotoxins. Bioassays and biochemical
assays are nonspecific, so they can only be used as screening methods
(Apeldoorn et al., 2007).
A new method to quantify and compare the antimicrobial
(anticyanobacterial) activity of both hydrophilic and lipophilic test
compounds, without any restriction, was developed by Volk (2008). The
assay is characterized by the application of a test compound solution on
a porous matrix (silica gel) in well-defined concentrations per unit area,
and by the coating of this matrix by with concentrated suspension of the
tested living cyanobacterium.

.2.4. Metal-cyanobacterial interactions

The role of cyanobacterial exudates has been proved to be a means of
both

nutrient

acquisition

and

detoxification.

Understanding

the

fundamental physicochemical mechanisms of trace metal bio-uptake by
cyanobacteria in natural systems is a step towards identifying as to
under what conditions cyanobacterial growth is favored and to ascertain
the mechanisms by which blooms are triggered.
2.5 Metal accumulation
30

Recently, particular attention has been paid to animal mineral nutrition.
Feeding standards currently regulates the content of microelements in
livestock feed. Since the content of microelements in conventional feeds
frequently does not meet these requirements, they are supplemented as
mineral feed additives. At present, the most commonly used are
inorganic feed additives. However, recent studies have

shown that

microelements in such form possess very low bioavailability and are of
transit character; they pass through the alimentary canal of an animal
and are absorbed only to a very low extent (Choinacka et al., 2005).
Surosz and Palinska (2005) have investigated the influence of
copper and cadmium on the growth and ultrastructures of Anabaena
flos-aquae grown at different temperatures. Analysis of the energydispersion spectra of the characteristic x-ray radiation of trichomes and
their sheaths showed that cadmium was completely accumulated in cells
but was not found in the sheath.
Dupont et al. (2008) have studied Ni accumulation and utilization in
two strains of marine Synechococcus. Further, the authors have
suggested that the growth of many marine Synechococcus and all
Prochlorococcus strains were dependent upon Ni.
Pickhardt and Fisher (2007) have studied the accumulation of
inorganic and methylmercury by freshwater phytoplankton in waters
containing different concentrations of dissolved organic carbon (DOC).
Higher cell surface area to volume ratios could be correlated with
increased MeHg concentrations but not with Hg(II).
The biotransformation of Hg(II) by cyanobacteria, Limnothrix
planctonica, Synechococcus leopoldiensis and Phormidium limnetica
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was investigated by Lefebvre et al. (2007) under aerobic and pHcontrolled culture conditions. The findings suggested that in the
environment, cyanobacteria at the air-water interface could act to
convert substantial amounts of Hg(II) into beta-HgS.
As a recent application of cyanobacteria, i.e. synthesis of metal
nanoparticles has been reported by Brayner et al. (2007) in Anabaena,
Calothrix, and Leptolyngbya. These cultures have been shown to form
Au, Ag, Pd, and Pt nanoparticles of well-controlled size. These
nanoparticles were synthesized intracellularly and released naturally in
the

culture

medium,

where

they

were

stabilized

by

algal

polysaccharides, allowing their easy recovery. Lengke et al. (2007)
reported the biosynthesis of silver nanoparticles using Plectonema
boryanum UTEX 485, a filamentous cyanobacterium, when reacted with
aqueous AgNO3 solutions (560 mg/l Ag) at 25-100C for up to 28 days.

2.6. Metal toxicity and resistance

The toxicity of a metal to microorganisms is dependent upon metal
bioavailability, and, in general, as pH decreases, the solubility of the
metal increases. Metal toxicity increases due to enhanced bioavailability
and mobility across cell membranes. Studies have investigated the
correlation between metal bioavailability and microbial metal resistance
(Somani, 2005). The mechanisms of extracellular exclusion and
intracellular

accumulation

resulted

in

the

immobilization

and

sequestration of lead. The manner in which metal availability influences
microbial resistance and, hence, the microbial detoxification/removal of a
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metal, has important implications for remediation of metal-contaminated
environments. The use of microbial populations specifically adapted to a
specific level or range of environmentally bioavailable metal will increase
our ability to remediate metal contaminated sites.
It has been reported by Tripathi et al. (2003) that the elevated
concentrations of copper and zinc inhibited Anabaena doliolum more
severely in semicontinuous culture than in batch culture with growth and
protein, chlorophyll a, and carotenoid contents. The authors have
concluded that the batch-culture was not appropriate for long-term
assessment of metal toxicity as it might substantially underestimate toxic
effects of heavy metals.
Tripathi et al. (2008) have established that the addition of fly ash,
nitrogen fertilizer and blue-green algae to metal contaminated soil could
reduce the metallic contents of plants. Studies also suggested that
integrated use of all these results in improved growth, crop yield and
mineral composition of the rice plants besides reducing the high demand
of nitrogen fertilizers.
Arsenic is one of the most important global environmental
pollutants. Arsenic and antimony resistance operon consisting of three
genes: arsB, encoding a putative arsenite and antimonite carrier, arsH,
encoding a protein of unknown function, and arsC, encoding a putative
arsenate

reductase

have

been

reported

in

cyanobacterium

Synechocystis sp. strain PCC 6803 by López-Maury et al. (2003).
Roy et al. (2008) reported isolation of strain showing 100%
similarity with that of genus Synechocystis and Synechocystis sp.
PCC6803. Both the strains survived up to 300 mg/ml Pb2+ and growth
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was completely inhibited at 400 mg/ml Pb2+. ZiaR-SmtB like regulator
gene was expressed in both the strains after Pb2+ induction.
Use of cyanobacteria for metal toxicity assessment of industrial
wastes in aquatic ecosystem has been reported by Chaudhary and
Chandra (2005). They have tested toxicity of Mn, Ni, Zn, and Cu to
Nostoc muscorum a common fresh water phytoplankton. Chlorophyll
was found to be the most sensitive parameter followed by carbohydrate,
protein and starch. Ni was most toxic to N. muscorum followed by Cu
and Zn.
The interactive effect of metal ions namely chromium and iron has
been studied by Mathad et al. (2006) under controlled conditions on
Hapalosiphon stuhlmannii and Scenedesmus quadricauda. It has been
revealed that the interactive effect cell parameters such as the dry
weight, chlorophyll and protein content was antagonistic at the bimetallic
concentrations of 0.1:16.0, 3.0:0.2 and 3.0:16.0 g/ml but the interaction
on the protein content of both the cells was synergistic at 0.1:0.2 g/ml
of Cr: Fe. Further, the degree of antagonism on dry weight was higher in
H. stuhlmannii than in S. quadricauda.
.2.6.1. Metal biosorption

Removal of five toxic metals by Mastigocladus laminosus, Cyanidium
caldarium and Scenedesmus quadricauda has been reported by
Radway et al. (2001). The studies have also shown that some toxic
metals were more readily removed than others and that selection of
appropriate strains could potentially enhance bioremoval of specific
metals from wastewater at neutral pH.
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The cyanobacterial cultures investigated for metal biosorption have
been listed in Table 1.4. Nagase et al. (2005) have revealed that alkali
treatment to cyanobacterial biomass, Tolypothrix tenuis increased its
Cd-selective adsorption ability in the presence of Ca2+ or Mg2+. The main
binding site of Cd2+ in NaOH-treated cells was assumed to be the
carboxyl groups because the binding ability of the cells was diminished
by the esterification of carboxyl groups. These results suggested that
alkaline treatment of cyanobacteria was a useful technique for producing
biosorbents having highly specific binding abilities for heavy metals.

Table 2.2. Cyanobacterial metal biosorbents

Sr.
Organism
No.

Metal

Reference

1

Anabaena variabilis

Pb, Cu,
Zn

Nagase et al., 2005

2

Aphanothece
flocculosa,

Hg

Cain et al., 2008

3

Aphanothece
halophytica

Zn

Incharoensakdi and
Kitjaharn, 2002

4

Chroococcus sp.

Cr

Anjana et al., 2007

5

Cladophora
fascicularis

Cu

Deng et al., 2007

6

Cyanospira
capsulata

Cu

De Philippis, 2005, 2007

7

Gloeocapsa
gelatinosa

Pb

Raungsomboon et al.,
2006
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8

Lyngbya putealis

Cr

Kiran et al., 2007

9

Microcystis sp.

Fe, Ni, Cr Pradhan et al., 2007
Pb, Cu,
Zn

Nagase et al., 2005

U

Li et al., 2004

11 Nostoc calcicola

Cr

Anjana et al., 2007

12 Nostoc sp.

Cu

De Philippis, 2005, 2007

Cu, Cd,
Zn, Pb

Prasad and Pandey,
2000

Oscillatoria
14
anguistissima

Co

Ahuja et al., 1999

Cu

Ahuja et al., 1997

15 Spirulina maxima

Pb

Gong et al., 2005

Hg

Cain et al., 2008

Cr

Gokhale et al., 2008

Co, Cu,
Zn

Vannela and Verma
(2006)

Cu

Solisio et al., 2006

Cd

Doshi et al., 2007a

Cr

Jagiełło et al., 2006

Cd, Cr,
Ni, Cu,
Cr

Doshi et al., 2007a;
2007b

Cr, Cd,
Cu

Chojnacka et al., 2005

Cd

Saeed and Iqbal, 2006

Microcystis
10
aeruginosa

13

Nostoc-based
biosorbents

16 Spirulina platensis

17 Spirulina sp.

18 Synechococcus sp.
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Cu, Pb,
Ni, Cd,
Cr, Cr

Gardea-Torresdey et al.,
1998

19 Synechocystis sp.

Pb

Roy et al., 2008

20 Tolypothrix tenuis

Pb, Cu,
Zn

Nagase et al., 2005

Shah et al. (2000) have performed the physical analysis of
exopolysaccharide (EPS) of Cyanothece sp. ATCC 51142 using nuclear
magnetic resonance and infrared spectrum. The phenomenon of gel
formation by the EPS was investigated for its potential application in
removing metal from solutions.
Yee et al. (2004) have characterized metal biosorption by
cyanobacteria following synchrotron radiation Fourier transform infrared
(IR)

spectroscopy,

potentiometric

titration,

and

metal

sorption

experiments. The results demonstrated that the cyanobacterial surfaces
are complex structures, which contain distinct surface layers, each with
unique molecular functional groups and metal binding properties.
Raungsomboon

et

al.

(2006)

described

the

potential

of

cyanobacterial polysaccharides as bioadsorber for mildly acidic water
contaminated with Pb2+. Pb2+ adsorption by the living cells of the
cyanobacterium Gloeocapsa gelatinosa was studied. Cyanobacterial
cells with intact capsular polysaccharide (CPS) showed 5.7 times higher
Pb adsorption capacity than that of cells without CPS.
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Ecology and diversity of Cyanobacteria
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Ecology and diversity of Cyanobacteria
3.1.Introduction :
Cyanobacteria are a large and morphologically diverse group of
phototrophic prokaryotes occurring in almost every habitat on the earth.
Cyanobacteria can grow photoheterotrophically in oxygenic and
anoxygenic environments. In most of ecosystems, cyanobacteria are the
primary producers. They are characterized by a great morphological
diversity and their widespread distribution reflects a broad spectrum of
physiological properties and tolerance to environmental stress (Tandeau
de Marsac and Houmard 1993).
Cyanobacteria exist in a variety of terrestrial environment. Moist
and waterlogged conditions of soil are suitable to the growth of algae
and cyanobacteria. They play an important role in soil reclamation and
soil fertility. A Waterlogged rice field is an ideal habitat for cyanobacteria,
which are capable of nitrogen fixation. These include species of
Anabena, Aulosira, Calothrix, Cylindrospermum, Gleocapsa, Nostoc,
Rivularia, Scytonema and Tolypothrix (Venkataraman, 1975).

In

sugarcane and maize fields in Maharashtra, N2 fixing cyanobacteria have
been reported by Singh (1961). Other species

viz.

Lyngbya,

Microcoleus, Prophyrosiphon and Schizothrix form crusts on soils.
The

families,

Chroococeals

Nostacaceae,

Oscillatoriaceae

and

order

are found to dominate in fresh water habitats.

Desikachary (1959) lists as many as 251 species belonging to 41 genera
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of cyanobacteria that occur as fresh-water planktons. Microcystis is one
of the dominant organisms associated with almost permanent blooms.
Cyanobacteria have also been reported in thermal waters all over
the

world.

Mastigocoleus

laminosus,

Phormidium

tenue

and

Synechococcus elongates are the more common species in hot springs.
Cyanobacteria are prominent primary producers in hypersaline
environments. These environments harbor a large array of unicellular
and filamentous forms, although the morphological diversity at salinities
above 13% is restricted. At high salinities, unicellular forms become
comparatively important: hypersaline waters are usually dominated by
unicellular cyanobacteria and the most halotolerant cyanobacteria in
culture are unicellular (Garcia-Pichel, 1998).
The recognition of cyanobacteria in the natural habitat is a
prerequisite for their isolation and in order to isolate the particular
members, it helps to know the ecological distribution of these organisms.
Cyanobacteria can occur in a wide range of ecological niches like
terrestrial, freshwater, marine and hypersaline environments, where they
occur in such abundance. Tentative identification of cyanobacteria is
generally aided by their color, which may vary from green, blue green, or
olive green to various shades of red to purple, or even black; the color is
mainly determined by the relative amounts of the major light harvesting,
water-soluble pigments, phycocyanin and phycoerythrin, and minor color
contribution is due to chlorophyll a and carotenoids. Although the colors
are indicative of cyanobacteria, final proof that field samples do contain
cyanobacteria comes from: i) critical examination of the samples under
the microscope to ensure that they are prokaryotes; ii) a demonstration
of the growth requirements or O2 evolution measurements, to prove that
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they are not anoxygenic photosynthetic bacteria; iii) analysis of the
pigment content, to exclude the possibility that they may be prochloronlike organisms which, like cyanobacteria are oxygenic photosynthetic
prokaryotes, but do not contain phycobiliroteins, their yellow green color
resulting uniquely from chlorophyll a and b. The colour of cyanobacteria
in the environments may be deceptive, as starvation of nitrogen or
sulphur, or condition leading to photo oxidation, causes reduced
phycobiliprotein content and cyanobacteria exposed to such conditions
will display the yellow-green colour of chlorophyll a.
In this chapter we report the evaluation of numerous habitats for
cyanobacterial diversity. The main focus was given to nitrogen fixing
cyanobacteria and

Other sites have been explored for comparative

analysis. It was also attempted to find out possible correlation between
various physico-chemical and biological parameters and cyanobacterial
population density as well as diversity.

3.2. Materials and methods
The primary aim of studies was to isolate cyanobacteria
from
suspected sites . (Table3.1) Samples were collected from suspected
sites from North Solapur taluka ie , Degaon , Mardi ,Hipparga,
Gulvanchi, Kegaon ,Wadala ,Karamba,Gangewadi,Nannaj,Mardi
,Padasali, Ranmasale , Kegaon , Hiraj and Water samples were
collected from three Urban lakes
,and both are collected
in
polypropylene bags, which were immediately brought to the laboratory.
Analysis of physicochemical parameters
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Soil and water analysis was done at
P.G.Department of Botany
Dayanand College Solapur . Samples were analyzed as per the
standard procedure ((22nd Edition 2012 APHA, 1995).
Soil temperature and moisture were recorded during soil sampling.
Soil pH was measured in a 1:2.5 soil–water suspension using a glass
electrode (Systronics, Digital pH meter, India). Soil electrical conductivity
(EC) was determined by measuring the electrical conductance of soilsaturation extract with a conductivity meter (Equip-Tronics, India).

Table No.3.1 .Geographical position of Sampling sites

Sr.No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14
15
16
17

Name of village/lake
Tale Hipparga (Main
lake)
Tale Hipparga 2
Gangewadi
Mardi
Nannaj: 1
Nannaj: 2
Wadala
Kalman
Padsali: 1
Padsali: 2 (In village)
Ranmasle
Bibi-Darphal
Kondi
Akolekathi
Sambhaji lake
Shiddeshwar lake
Hipparga lake

N Latitude
17 43.427

E Longitude
75 54.339

site

17 43.048
17 50.071
17 48.942
17 49.443
17 49.761
17 52.196
17 55.807
17 52.711
17 53.646
17 53.640
17 48.555
17 45.715
17 47.266
17 38.794
17 40.431
17 44.784

75 54.481
76 00.020
75 52.625
75 51.813
75 51.670
75 50. 497
75 46.906
75 45.513
75 46.512
75 46.555
75 47.584
75 50.164
75 51.178
75 54.370
75 54.271
75 54.982

I
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II

III

IV

Table 3.2 To evaluate the physico-chemical status of different
types of agriculture soils .
Parameter \ Site

Site-I

Site-II

Site -III

Site-IV

Soil texture

Lome

Silt

Sludge

Alliuvial

pH

7.8 (0.89)a

6.6 (0.66)

5.8 (0.57)

7.5 (0.83)

EC (S/m)

0.72 (0.65)

0.92 (0.58)

1.14 (1.12)

2.24 (1.72)

CaCO3 (%)

2.14 (1.65)

1.93 (0.94)

1.45 (1.06)

2.22 (1.84)

28.18
(7.21)
44.60
(12.06)
16.41
(3.75)

42.32
(8.54)
58.12
(10.22)
27.18
(4.52)

5.66 (1.65)

5.24 (1.80)

Total organic carbon,
mg/l
Water holding capacity
(%)
CEC, mEq/100g
SAR

55.14 (6.77)
62.55
(14.14)
13.23 (4.66)
3.41 (0.94)

24.97
(11.14)
73.26
(8.96)
23.96
(2.76)
6.68 (1.38)

All values are mean values; a, Figures in parentheses are of standard deviation
(n= 16 at each site)

Analysis of soils receiving nalla water and other sites around Solapur city
was performed to study the effect of soil properties on availability thus mobility
of metals. The data of soil analysis are presented in Table 3.2 Soils of sampling
sites belonged to loam, silt and sludge types. It can be seen that silt and sludge
soils showed acidic pH against alkaline pH of loamy soils. Soil pH gets affected
to a certain extent due the application of various amendments. Electrical
conductivity of soils was <1.5 with the exception of Site-4 having alliuvial soil.
Total organic carbon is another important parameter plays a major role in
nutrient cycling and also indicates the quality of soil. Water holding capacity is
more in site IV due to alliuvial soil of lakes and due to more organic cotent
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Colour:
Presence of cyanobacteria exhibits blue green colour to sites. Most of
soils and sediments samples collected have such colour. But water
samples had slighted of green colour.

3.3 Enrichment of samples:
The mixed population of soil, water, etc. is considered to be a
community of competing species or metabolic types. Changes of
external conditions will favour growth of one or few particular species will
result in the establishment of their predominant population at the
expense of other species. It is the aim and art of the enrichment culture
technique to control those selective conditions which quickly and
reproducibly lead to the predominant population of one special
organism, thereby facilitating its isolation.

In present investigation the samples collected from Norh Solapur taluka
and other sites were enriched in presence of light and BG.11 and
Chu‟s#10 medium. In flat glass bottles sterile BG.11 medium (50 ml)
were inoculated with 5 ml of sample collected from different habitats.
The bottles were incubated under continuous light illumination
(Fluorescent tubes) at 24 2 C. The growth of cyanobacteria was
judged on the basis of visual observations (7 day incubation). The
enriched samples were transferred to sterile medium containing same
BG.11or Chu‟s#10 medium .

3.4 Isolation of cyanobacterial cultures from enriched sample:
Enriched samples were streak plated on BG11 agar plates and kept
under continuous exposure to light. Well-isolated colonies were noted for
their colony characters and further transferred to BG-11 agar
plates(fig.3.1) for culture purification. Purified cultures were maintained
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on BG-11 agar slopes(3.2). Following was the scheme for preparation of
agar plates used for culture isolation.

Scheme for isolation of cultures
(BG-11 agar 200ml)

Flask1
(100ml distilled water + Agar)


Flask2


Autoclaved separately

Mixed both flasks

Poured in molten condition

Incubation for 10 to 15 days at discontinuous illumination at 800 lux

Isolated colonies were observed.
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3.5 Microscopy:
The isolates were observed under oil immersion and high power
microscopy for examining the morphology and microphotography was
done under computer microcope (Biolux Model 654 Made in Jarmani)

Fig 3.1. ISOLATES ON BG -11 BROTH

Fig 3.2 ISOLETS ON BG - 11 AGAR
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3.6 Maintenance of Culture:
The fresh slants prepared, were inoculated in a growth chamber to
provide proper environmental conditions. After a suitable growth, the
slants were preserved at 800 lux intensity of light and at 28+- 2ºC for
one to two months and these cultures were used for our further studies .
3.7.

To isolate toxic cyanobacteria from urban lakes

Cyanobacteria have come to the attention of public health workers because
many freshwater and brackish species can produce a range of potent toxins
(Stewart, 2004; van Apeldoorn et al., 2007). This observation was first reported
over 120 years ago, when sheep, horses, dogs and pigs were seen to die within
hours of drinking water from a lake affected by a bloom of the brackish-water
cyanobacterium Nodularia spumigena. Since then, many reports of livestock
and wild animal deaths have appeared in the literature. Such reports have been
collated by several authors (Stewart, 2004). Some reports are dramatic in terms
of the number of animals affected or the rapid progression of illness and death,
with mass deaths of thousands of animals (Carmichael, 2008), and large animals
succumbing within minutes (Codd et al., 1995).
Toxic cyanobacteria are found worldwide in inland and coastal water
environments.At least 46 species have been shown to cause toxic effects in
vertebrates (Sivonen & Jones, 1999).
The most common toxic cyanobacteria in fresh water are
1

Microcystis spp.

2

Cylindrospermopsis raciborskii
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3 Planktothrix (syn. Oscillatoria) rubescens
2 Gloeotrichia spp.,
3

Anabaenaspp.,

4

Lyngbya spp.,

5

Aphanizomenon spp

6

Nostoc spp.

7

Oscillatoria spp.

.
The three urban lakes namely Kambar lake ,Shiddeshwar lake and Hipparga
lake are perennial wet lands present in and around the Solapur city having great
socioeconomic value, the main aim of the study these three lakes are to monitor
important wet land of the city , to study biodiversity of the lakes because these
lakes are famous for migratory birds.and ultimately to conserve the lake
ecosystem.
The samples were collected in ( Dec 2010 to Nov 2012) at two monthly
intervals. pH was measured on the spot using Hand digital pH meter and later
confirmed in the laboratory using digital pH meter and enriched with BG -11
Medium .
Cyanobacteria are one of the most diverse groups of Gram-negative
photosynthetic prokaryotes which frequently form cyanobacterial harmful
blooms

(CyanoHAB) in eutrophic water bodies. Some species of

cyanobacteria are able to produce toxins which may be divided in to three
main groups; hepatotoxin, neurotoxin and cyanotoxin ( Codd, 2000 ). These
toxins can cause water quality problems for fisheries, aquaculture, farming
and sanitary hazards for human and animals. Therefore, survey of
CaynoHAB and cyanotoxin have been carried out in several countries, avoiding
48

sanitary risks by a safe use of cyanotoxin-contaminated water ( Chorus and
Bartram, 1999 ). However, in water irrigation, cyanotoxin surveys have not yet
been considered within any water quality.
official monitoring programme, in spite of the possible contamination of
edible plants constituting a significant indirect route of human exposure
to cyanobacterial toxins ( Codd, 2000 ). Accordingly, many studies clearly
indicate that irrigation with water containing cyanotoxin can be a threat
for both the quality and yield of crop.

3.6 Result and discussion

The classification of cyanobacateria is largely based on morphological or
visible differences such as trichome width, presence or nature of sheath,
number of trichomes per sheath and colour.
As per the cyanophyta, (Desikachary, 1959) cyanobacteria are classified
under five orders as follows:

1. Chroococcales: Unicellular or colonial, sometimes forming a pseudo
filamentous colony, never with a “trichome organization”, no
differentiation into base and apex, endospores not formed in
sporangia and no exospores.
2. Chamaeosiphonales: Unicellular, attached, typically differentiated into
base and apex, reproduction by endospores or exospores.
3.

Pleurocapsales: More or less distinctly filamentous attached
arrangement very uniform, chroococcaceous structure, often forming
parenchymatous thalli with prostrate and erect filaments, without
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differentiation into trichome and filament, no hormogones no
heterocyst, endospores in sporangia.
4. Nostocales: Filamentous, with trichomes and hormogones present,
often with heterocysts, akinetes, exospores or endospores, pseudohormogonia present.
a) Without true branching, unbranched or with false branching
5. Stigonematales: Filamentous, with trichomes and hormogones
present, often with heterocysts, akinetes, exospores or endospores,
pseudo-hormogonia present.
--a) With true branching or dichotomous branching and often with
heterotrichous condition i.e. with a differentiation of prostate and erect
position

The occurrence of cyanobacterial forms was recorded after sampling,
using microscopic observations. The identification of cyanobacteria was
based on morphological forms observed under the microscope, which
were compared with literature-description. Following is the list of
cyanobacterial forms which occurring in various habitats. The description
of some cyanobacterial genera and species are as per a Desikachary
(1959) and Rippka et al. (1979).
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Fig.3.3 Isolates from water

Aphanocapsa littoralis

Synechocystis salina Chroocicocus montanus

Fig.3.4 Isolates from water

3.5 Spirulin from Sambhaji ( Kambar) lake
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Table.3.3 Characterization and identification of cyanobacterial isolates
from soil/Water
Sr. Isolate
No. No.

Morpholo
Identification
gy

Enrich.
Medium

S/W

1

NS-1

Uni

Gloeotheceae zeller

BG-11

S

2

NS-2

Fil, NH

Oscillatoria chlorina

BG-11

S

3

NS-3

Fil, NH

Phormidium tenue

BG-11

S

4

NS-4

Fil, NH

Oscillatoria martini

Chu‟s#10

S

5

NS-5

Fil, NH

Oscillatoria
subproboscidea

Chu‟s#10

S

6

NS-6

Fil, NH

Phormidium
majuscula

BG-11

S

7

NS-7

Fil, H

Nostoc commune

BG-11

S

8

NS-8

Fil, H

Anabaena doliolum

BG-11

S

9

NS-9

Fil, NH

Oscillatoria protens

Chu‟s#10

S

10

NS-10

Fil, NH

Trichodesmium
hildebrantii

BG-11

S

11

NS-11

Fil, NH

Phormidium sp.

Chu‟s#10

S

12

NS-12

Fil, NH

Oscillatoria ornata

BG-11

S

13

NS-13

Uni

Chroococcus minutus

BG-11

S

14

NS -14

Fil, H

Anabaena doliolum

BG-11

S

15

NS-15

Fil, NH

Chu‟s#10

S

16

NS -16

Fil, H

BG-11

S

Lyngbya puteali
Nostoc muscorum

Fil, Filamentous, NH, Non-heterocystous, H, Heterocystous
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Tabl 3.4.Characterization and identification of cyanobacterial isolates from soil
/Water.
Sr.
No.

Isolate
No.

Morpholo
gy

Enrich.
medium

S/W

1

NS-1

Fil, NH

Oscillatoria raoi

BG-11

S

2

NS-2

Fil, NH

Oscillatoria amoena

BG-11

S/W

3

NS-3

Fil, H

Lyngbya commune

Chu‟s#10

S

4

NS-4

Uni

Gloeocapsa
decorticans

BG-11

S/W

5

NS-5

Fil, NH

Oscillatoria amphibia

BG-11

S

6

NS-6

Uni

Gloeothece
samoensis

BG-11

S

7

NS-7

Fil, NH

Oscillatoria salina

BG-11

S

8

NS-8

Fil, H

Nostoc linkia

Chu‟s#10

S

9

NS-9

Fil, NH

Phormidium fragile

Chu‟s#10

S

10

NS-10

Fil, NH

Oscillatoria limosa

BG-11

S

11

NS-11

Fil, NH

Lyngbya corticola

BG-11

S/W

12

NS-12

Fil, NH

Oscillatoria tenuis

BG-11

S

13

NS-13

Fil, NH

Lyngbya major

Chu‟s#10

S

Identification

Fil, Filamentous, NH, Non-heterocystous, H, Heterocystous
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Tabl 3.5.Characterization and identification of cyanobacterial isolates from soil
/Water
Sr.
No.

Isolate
No.

Morpholo
gy

Enrich.
medium

S/W

1

NS-1

Fil, NH

Oscillatoria chlorina

BG-11

S

2

NS-2

Fil, NH

Oscillatoria tenius

BG-11

S/W

3

NS-3

Fil, H

Chu‟s#10

S

4

NS-4

Uni

Gloeocapsa
decorticans

BG-11

S/W

5

NS-5

Fil, NH

Oscillatoria amphibia

BG-11

S

6

NS-6

Uni

Gloeothece
samoensis

BG-11

S

7

NS-7

Fil, NH

Oscillatoria salina

BG-11

S

8

NS-8

Fil, H

Nostoc spp

Chu‟s#10

S

9

NS-9

Fil, NH

Lyngbya spp.

Chu‟s#10

S

10

NS-10

Fil, NH

Oscillatoria limosa

BG-11

S

11

NS-11

Fil, NH

Lyngbya corticola

BG-11

S/W

12

NS-12

Fil, NH

Oscillatoria tenuis

BG-11

S

13

NS-13

Fil, NH

Lyngbya major

Chu‟s#10

S

Identification

Lyngbya spp.
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Coclusion : Many phototrophic prokaryotes are adapted to grow in a variety of
extreme environments. The cyanobacteria are especially recognized among the
photosynthetic prokaryotes for their ability to grow in a wide range of
conditions.

Traditionally,

cyanobacterial

taxonomy

is

based

upon

morphological and physiological observations (Narayan et al., 2006).
Taxonomy, on the basis of morphological characters, has been debated
vigorously and revised many a time (Turner, 1997). The taxonomy and
classification of cyanobacteria have been under study since about the middle of
the 19th century using morphological and cellular criteria, similar to other
microalgae. However, more modern approaches in the last four decades have
emphasized important structural and molecular characteristics of these bacterial
organisms with plantlike metabolism (Stanier and Cohen-Bazire, 1977; Rippka
et al., 1979). Diversification through ecological acclimation, adaptation and
stabilization of diverse morpho- and ecotypes, as well as changes caused by
mutation and possibly also genome transfers (Rudi et al., 1997), give rise to new
cyanobacterial types in many habitats. Knowledge of the full diversity and
evolutionary hierarchy of cyanobacterial taxonomic entities is still unclear
(Tripathi, 2006). Thus, DNA-based genotypes more or less correspond to
traditional (morphologically based) genera, or to phenotypically distinct and
definable clusters of species within known genera (Castenholz, 1989).
The present study was an attempt to address the diversity of cyanobacteria in
various locations of North Solapur region and three urban lakes

.The

identification of cyanobacteria was based on microscopic morphological
observations. Total 50 isolates were isolated from soil and water out of these
seven are unicellular thirtythree were filamentous Non-heterocystous and ten
filamentous heterocystous , thirty one isolates showing good results in BG-11
medium and nineteen in Chu‟s#10 medium and some toxic cyanobacteria are
also found in urban lakes it indicates these wetlans are in thratned condition.
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Chapter 4

Hydrobiological study and isolation of
Phytoplankton from urban lakes.
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2.Hydrobiological study and isolation of phytoplankton from urban
lakes.
2.1 Introduction:
Phytoplankton are microscopic aquatic plants, occurring as unicellular, colonial
or filamentous forms, without any resistance to currents, and are free floated or
suspended in open/pelagic waters. Phytoplankton are the bottom rung of the
food chain in any aquatic ecosystem. Many are photosynthetic and are grazed
upon by zooplankton and other aquatic organisms. Some species flourish in
highly eutrophic waters while others are very sensitive to organic and/or
chemical wastes. Phytoplanktons have long been used as indicators of water
quality. Because of their short life cycles, planktonic organisms respond quickly
to environmental changes and hence their standing crop and species
composition indicate the quality of water. Planktonic algae are represented by
green algae (chlorophyta), blue green algae (cyanophyta), the diatoms
(bacillariophyta), and desmids (chrysophyta). Biological monitoring is
complementary to the physicochemical monitoring and is advantageous with
respect to following aspects:
 Rapid, inexpensive and reliable method of evaluating water quality,
requiring only biological examination of the sample.
 Toxic impact of pollution is directly reflected by flora and fauna.
 Unlike chemical methods, which give the results of effects of pollution at
the time of sampling, biological data gives an overall picture of the
subsequent effects of pollution.
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 It would be uneconomic and impractical to monitor the concentrations of
various known and unknown pollutants. Instead, biological communities
may respond to new or unsuspected pollutants in the environment.

The utilization of lentic water bodies for domestic purposes and fish culture has
assumed

importance in developing countries.

The disposal of agricultural

waste and untreated sewage into water bodies adversely affect the plant and
animal life. Sukumaran (2002) is of the opinion that the constant discharge of
sewage into the aquatic system enriches the organic content, leading to
eutrophication and deterioration of the quality of water. In India, inland water
bodies attracted the attention of various workers leading to the studies on water
quality and distribution of phytoplankton from time to time, (Zafar, 1967,
Munawar

1974).

Although considerable work has been done on the

limnological studies on some lakes of Maharashtra .The three lakes of Solapur
city selected for the present study remains scientifically unexplored.
2.2 Description of the Lakes
1. Sambhaji Lke
Sambhaji lake( Kambar Talao) is a great bird watching center with the
many migratory birds found flocking here in winter. This tank was first
filled with white and pink lotuses; but with the SMC cleaning it, the face
of the tank was brought down. However there are still lotuses blooming
there now to add to the beauty of the place.

8 Shiddeshwar lake
The ancient shrine was built 700 years back by a yogi, Shri
Siddharameshwar, a devotee of Sri Mallikarjuna of Srisailam. En route to
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Srisailam, he was ordered by his guru to return to Solapur and consecrate
several Shiva lingams. He duly returned to Solapur and began his work,
starting with this temple. One of the greatest attractions here is the
popular annual fair that takes place in January. Thousands of people
attend the fair, colorfully attired in traditional costumes.
9 Ekrukh lake (Hipparga lake )
.The Ekrukh Hipparga Talao is a reservoir in the city of Solapur which
provides uninterrupted supply of water to Solapur. The lake attracts
people to witness its green surroundings and also for migratory birds and
fishing .
Toposheet No. 47 0/9 to 47 0/15 & 56 C/1 to 56 C/7.
Latitude : 17 – 44‟ – 00” (N)
Longitude : 75 – 55‟– 00” (E)

Table 4.1. Lake Latitude / Longitude
Site
Sambhaji lake
Shiddeshwar lake
Hipparga lake

N Latitude
17 38.794
17 40.431
17 44.784
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E Longitude
75 54.370
75 54.271
75 54.982

1

2

3

4

60

5

6

7

8

Fig.4.1Lake sites:4.1 Vallisneria spiralis in Siddehwar lake 4.2- Algal bloom in
Sambhaji lake 4.3.Collection of Phytoplankton4. 4.Sacchidisc reading 4.5.Algal
and Eichoornia bloom in Sambhaji lake 4.6. Heliotrophium bloom in Hipparga
lake.4.7 Algal bloom in Hipparga lake.4.8 Scenedesmus
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Table4.2 Phytoplankton in three lakes in May2012
Sr.
No.
1

Site

photo

Name of
pytoplankton.
Chroococcus

2

Sambhaji
lake

Gloeocapsa

3

Hipparga
lake

Microcystis

4

Sambhaji
lake

Nostocopsis

5

Hipparga
lake

Phormidium

6

Hipparga
lake

Scenedesmus

Sddehwar
lake

7

Sambhaji
lake

Oscillatoria

8

Sambhaji
lake

Anabaena
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Material and Method :
The samples for phytoplankton were collected in ( Oct 2010 to Oct 2012) at
two monthly intervals.

pH was measured on the spot using hand pH meter

and later confirmed in the laboratory using digital pH meter.

The chemical

analysis was carried out following the methods suggested by Trivedy and Goel
(1986) and standard methods of APHA (22ND Edition2012).
For the enumeration of phytoplankton, each site in a 50mL sample bottle by
filtering about 50 liters of water through plankton net.

sample was fixed

simultaneously with 20 ml of 1% lugol solution for sedimentation. This
sedimented sample was observed under microscope.

The identification of

phytoplankton up to the level of species was made with the help of literature
given in paranthesis [ Philipose M.T(1967),

Deshikachary (1959), Gandhi

(1955)
(Standard Methods, 2005; Prescott, 1978; Ward and Whipple, 1966)]The
hydrophytes

like

Vallisneria

spiralis,

Hydrilla

verticillasta

,Ottelia

alismoides,Cyperus rotundus were also identified by flora of Maharashra ,flora
of Kolhapur, flora Osmnabad .
2.4 Result and discussion :
The physicochemical characters of lake as shown in table no. 4.4. .compared
with Drinking water samples of WHO (1961), BIS (1991) & ICMR as shown
in table 4.3 The pH of water Sambhaji lake is 9.3 indicate water is more
polluted due to sewage disposal because three large residential societies dispose
their sewage water directly in the lake and Ganpati Idols were immersed in
same lake during Ganesh festival , as compare to Shiddeswar and Hipparga lake
having pH. 5.2.and 6.5 respectively. Electrical conductivity is also more in
Sambhaji lake ie. 1.2.Total Alkalinity is more in Shiddeswar lake as compare to
Hipparga and Sambhaji lake . Transparency is more in Sambhaji lake . Water is
more hard in Siddeshwar lake ie. 342 mg/l .DO is less in Sambhaji lake and
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odour is also unpleasant .and colour of th water is blue due algal bloom and
vigorous growth of Eichroonia crassipes
The Phytoplankton diversity as shown in Table 4.5.The diversity of class
Cyanophyceae
Is more in Sabhaji Lake ie 16 as compare Siddeshwar lake and Hipparga laake
ie .16 and 12.
Class Chlorophyceae in Sambhaji lake is more 12 as compare to remaning two
lake . Class – Euglenophyceae is found in all lake. Class – Dinophyceae is
also found in all lake. Class – Bacillariophyceae member are more in Sambhaji
lake ie .12 as compare remaining Lakes.The total phytoplankton diversity is 43
in Sabhaji lake 38 in Shiddeshwar lake and 31 in Hipparga lake .
Table.4.3. Drinking water samples of WHO (1961), BIS (1991) & ICMR

Parmeters
pH
E.C.
Total Harness
Calcium
Magnesium
Chloride
Alkanlity
D.O.

WHO
6.5 -8.5
300
500
75
50
200
75
4-6 (ppm)

BIS
7-8
300
300
75
50
200
----4-6 (ppm)

64

ICMR
7-8.5
300
300
75
50
250-1000
---4-6 (ppm)

Table 4.4.Physicochemical analysis of Water of three lakes.
Sambhaji
Lke

Shiddeshwar
lake

Hipparga lake

pH

9.3

5.2

6.5

EC (S/m)

1.2

1.0

1.3

Total Alkalinity

129

132

121

Hardness (mg/lt)

318

242

180

Transparency (cm)

24.18

21.33

18.19

VAC

0.132

0.89

0.87

Air temp

M 35

36

35

28

24

27

7.13

8.15

11.35

Odour

Unpleasant

fishy

fishy

Colour

green

Blue green

Blue

Parameter \ Site

Water temp
Dissolved oxygen

65

31

38

SID
SAM
HIPP
43

Fig.4.2 Phytoplankton diversity of three lakes

Table 4.5. Phytoplankton diversity of three lakes of Solapur city

No.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Phytoplankton
A. Class – Cyanophyceae
Oscillatoria raoi
Oscillatoria amoena
Lyngbya commune
Gloeocapsa decorticans
Oscillatoria amphibia
Gloeothece samoensis
Oscillatoria salina
Nostoc linkia
Phormidium fragile
Oscillatoria limosa
Lyngbya corticola
Oscillatoria tenuis
Lyngbya major
Microcystis incerta
Oocystis gigas

Sambhaji
Lke

Shiddeshwar
lake

Hipparga
lake

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
-
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Scytonema species
Spirulina species
B Class – Chlorophyceae
Cosmarium reniforme
Spirogyra indica
Volvox species
Ulothrix species
ZygnemaClosterium
Desmidium species
Chlorella species
Spirogyra species
Sirogonium species
Chlamydomonas species
Cylindrocapsa species
Cladophora species
C
Class
–
Euglenophyceae
Euglena species
D Class – Dinophyceae
Gymnodinium species
Peridinum species
E
Class
–
Bacillariophyceae
Cymbella species
Navicula species
Pinnularia major
Tabellaris species
Navicula papila
N.palea
Synendra acus
Amphora ovalis
Melosira granulata
Cyclotela species
Gomphonema species
Fragilaria species
Total
+ = Present

+

+
+

+
-

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+

+

+

+

+
+

+
+

+
+

+
+
+
+
+
+
+
+
+
+
+
+
43

+
+
+
+
+
+
+
+
+
+
+
38

+
+
+
-

- = Absent

67

+
+
31

Fig.4.3

MICROSCOPIC OBSERVATION OF PHYTOPALKTON
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Fig.4.4 PHYTOPLANKTONS
2.4 conclusion:From physicochemical charactrs and phytoplankton
diversity the Sambhaji lake is more polluted as compare to remaning
lakes ie Ekrukh and Siddeshwar .
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Chapter 5

Isolation and characterization of
metal interacting bacteria
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Isolation and Characterization of Metal Interacting
Bacteria
5.1 Introduction
It is of general observation that the increased concentrations of metals in soil
decreases number of the soil microorganisms, their activity and diversity and
structure of microbial community (Baath, 1989). Metal toxicity reduces the
microbial counts due to disruption of essential functions in short term and in the
long term that leads to changes their competitive ability (Giller et al., 1998).
There is considerable evidence that the activity of the soil microbiological
community is decreased in the presence of metals if the concentration is high
enough and this is confirmed by observed decreases in rates of litter
decomposition, carbon mineralization, nitrogen transformations and enzyme
activities (Baath, 1989). The reduction in microbial activity is attributed to
elevated energy demand for metal tolerance mechanisms within microbial cells
in comparison to steady state conditions (Giller et al., 1998). The reduction in
microbial diversity due to the addition of metals may decrease the resistance or
resilience of the system to a new stress (Giller et al., 1998). However, it has also
been hypothesized that the overall functional diversity of the soil ecosystem
does not change owing to other types of microbial species that can fill the same
or a similar niche (Nannipieri et al., 2003).
Microbial populations are known to affect trace metal mobility and
availability to the plant, through release of chelators, acidification and redox
changes (Smith and Read, 1997; Abou-Shanab et al., 2003). Around plant roots
there is a narrow zone of soil which is densely populated with microorganisms
due to the release of root exudates, chemicals and elaborated metabolites, which
supply a food source for this microbially-enriched zone of plant influence (Curl
and Truelove, 1986).
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Free living Plant Growth-Promoting Rhizobacteria (PGPR) are known to
provide plants with a range of direct and indirect benefits, including the
provision of nutrients and protection against pathogens (Sizmur, 2007). This
results in increases in germination rates, root growth, yield, leaf area,
chlorophyll content, magnesium content, nitrogen content, protein content,
hydraulic activity, tolerance to drought, above ground biomass and disease
resistance (Lucy et al., 2004). There is also a range of benefits that specifically
apply to plants growing in metal-contaminated soils and the main benefits cited
are the synthesis of sideophores and 1-Aminocyclopropane-1-Carboxylate
(ACC) deaminase (Glick, 2003).
Sas-Nowosielska et al. (2008) examined the microbial populations of root
free soil and rhizosphere soil and found inverse correlation between the number
of sulfur amino acid decomposing bacteria and root mercury content. The
presence of rhizosphere bacteria has been reported to increase the
concentrations of zinc, copper, lead or chromium in plants (Abou-Shanab et al.,
2008). Improvement of the interaction between plants and beneficial
rhizosphere microorganisms can enhance biomass production and tolerance of
the plants to heavy metals and is considered to be an important component of
phytoremediation technologies (Wenzel and Jockwer 1999; Glick, 2003).
Accumulation of heavy metals in the soil environment and their uptake
by both plant growth promoting rhizobacteria and plants is a matter of growing
environmental concern (Khan et al., 2009). In the present study an attempt has
been made to isolate rhizospheric microorganisms from metal contaminated
soils and to screen their metal tolerance capacity so that they can be used to
enhance the phytoremediation.
5.2 Material and methods
5.2.1 Isolation of bacterial cultures
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Metal tolerating bacterial cultures were obtained by soil enrichment method.
Garden soil sample (5 g) was added to the Erlenmeyer flasks containing 100 ml
distilled water and one of the metals (copper, chromium, cadmium, lead, zinc
and nickel) taken separately at the concentration of 10 mg/l. The flasks were
incubated on rotary shaker at 120 rpm and room temperature for 5 days. The
contents (5 ml) were transferred to 100 ml enrichment medium of composition;
5 g/l yeast extract, 10 g/l glucose, 2 g/l NaNO3, 0.5 g/l KCl, 0.5 g/l
MgSO4.7H2O and 50 mg/l of metal and kept for incubation at room temperature
for 5 days. At various stages of enrichment after incubation for five days
contents were also spread on nutrient agar containing similar type and
concentration of metal. Morphologically distinct bacterial colonies were picked
up and preserved on agar slopes for further screening.
5.2.2 Screening of bacterial cultures for metal tolerance
The cultures obtained from soil enrichment were screened for metal tolerance
capacity by following the gradient plate method. The metal concentration
gradient was prepared by adding a base layer of 20 ml of nutrient agar to a 9  9
cm square Petri plate tilted at an angle of 30. The agar was allowed to solidify
at room temperature into a wedge shape layer. Onto the set base, another 20 ml
of nutrient agar with metal (100 mg/l) was poured to give a metal concentration
gradient across the plate surface. Bacterial cultures (16 h old) were streaked
along the metal gradient using a sterile cotton swab. Plates were incubated at 28
 2C for 2 days. After incubation, the length of bacterial growth along the
gradient was recorded. Cultures showing the highest length of growth along the
gradient were selected for further experiments.
5.2.3 Minimum inhibitory concentration assay for metal tolerance
The cultures showing highest tolerance in metal gradient plate assay were
subjected to determine its metal tolerance in broth culture. The minimum
inhibitory concentration (MIC) of metals was checked for the cultures selected
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in metal gradient plate assay. Loopful of 16 h old culture was inoculated in
series of tubes containing 10 ml of broth amended with metals (copper,
chromium, cadmium, lead, zinc and nickel) ranging from 10-500 mg/l. Two
growth media viz. nutrient broth and synthetic medium containing (in g/l) yeast
extract, 1; sodium chloride, 10; sodium glycerophosphate, 30; MgSO4.8H2O, 5;
glucose, 20 at pH 6.5. Metal concentrations were adjusted by adding appropriate
volumes of metals stocks (100 mg/l). The tubes were incubated at 30C for 24
h. The metal tolerance of cultures was noted in terms of visible growth. The
lowest metal concentration causing no visible growth was recorded as MIC
value.
5.2.4 Growth curve of cultures
The cultures selected from metal gradient plate assay and MIC broth assay were
grown in presence and absence of metals. The growth performance in terms of
optical density at 600 nm was plotted against time so as to obtain the growth
curve.
5.2.5 Screening of cultures for metal biosorption
The set of cultures were grown in nutrient broth in absence of metals. The cell
mass were harvested by centrifugation at 5000 rpm for 10 min. The biomass
was washed twice with distilled water. The cell suspension was prepared using
glass homogenizer. Cell dry weight was calculated by drying a known volume
(1 ml) of suspension in a glass container at 80C to a constant weight. Approx.
50 mg of cell dry weight was added to the 50 ml of solution containing 100 mg/l
of metals and incubated for 1 h on rotary shaker at room temperature. The
contents were centrifuged for separation of biomass and the supernatants were
collected for metal analysis.
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The amount of metal sorbed was calculated by the following equation:
Q = V(Ci - Ceq)/1000M
Where, Q is metal adsorbed (mg/g), V is the volume of the metal solution
(ml), Ci and Ceq are the initial and equilibrium concentrations of metal in the
solution (mg/l), and M is the dry weight of the biomass (g).
5.2.6 Metal solutions
Metal stock (1000 mg/l) solutions were prepared in acidified Milli-Q water with
appropriate amounts of analytical grade nitrate salts of the test metals, viz.
cadmium, chromium and zinc. Working metals solutions were prepared from
stock solutions and the pH of each metal solution was adjusted using 0.1 M
NaOH or HCl.
5.2.7 Metal analysis
Metal analysis of all digested samples was performed by atomic absorption
spectrometry (Model: S2, Make: Thermo, USA) using the „SOLAAR‟ software.
Analyses were performed using hollow cathode lamps for cadmium (Cd),
chromium (Cr), nickel (Ni), lead (Pb), copper (Cu) and zinc (Zn) at 228.8,
357.9, 232.0, 217.0, 324.8 and 213.9 nm, respectively. Air-acetylene flame was
generated using a fuel flow rate of 0.8 to 1.1 l/min. All analyses were replicated
three times. All the reagents used were analytical grade (Thermo Fischer Sci.
India Pvt. Ltd., and HiMedia Lab. Pvt. Ltd., India).
5.3 Results
5.3.1 Isolation of bacterial cultures
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Isolation of bacterial cultures was followed by metal enrichment of samples
collected from 10 diverse sites in and around Solapur city. These sites included
metal exposed site like Common Effluent Treatment Plant at MIDC area,
Solapur city. Metal non-exposed sites such as farms sites were included to
obtain wild varieties of metal interacting microorganisms. Samples were
enriched in presence of 10 mg/l of various metals in separate flasks. After 10
days of incubation samples were plated on nutrient agar plates containing 10
mg/l of respective metal concentrations. In total, 93 different colonies were
picked either on the basis of different colony morphology or source and type of
metal (Table 5.1). These cultures were given codes containing the name of
metal used in enrichment.
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Table 5.1 Number of bacterial isolates obtained from metal enrichment experiments
No. of bacterial cultures isolated in presence of 10
mg/l
Chromiu Cadmiu
Copper
Lead
Zinc
Nickel
m
m

Site
Firing range

2

1

1

1

1

1

Kamber lake

1

2

1

-

2

2

Lature farm

2

1

2

2

1

2

CETP-MIDC

4

2

2

3

1

2

Garad farm

1

1

2

2

2

1

Rupa
Bhawani

2

1

1

1

1

2

Shelke farm

3

2

2

1

2

1

Dindigave
farm

2

1

2

2

1

1

Kapse farm

1

2

2

2

2

2

Hotagi lake

2

1

1

1

1

1

20

14

16

15

14

15

Total

CETP-MIDC, Common Effluent Treatment Plant in Maharashtra
Industrial Development Corporation at Solapur.
5.3.2 Screening of bacterial cultures for metal tolerance in metal gradient
plate
The set of isolates was subjected screening wherein their metal tolerance
capacity was assessed using metal gradient plate assay. All the cultures were
grown in nutrient broth and 16 h old active cultures were cross inoculated along
the metal gradient on square plates. Although, the isolates had an exposure to
only single metal during enrichment, the whole set of cultures was tested
against six metals in gradient plate. The summary of results of metal gradient
plate assay has been presented in Table 3.2. Seven isolates could be selected on
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the basis of highest tolerance to metals in terms of length of growth on metal
gradient plate (Table 5.2). It can be seen that cultures adapted to a Cd, Cr, Pb
and Ni during enrichment exhibited highest tolerance to the same metal on
metal gradient plate. However, in case of copper and zinc the highest tolerance
was shown by the cultures with exposure history of chromium and cadmium,
respectively. The growth performance of representative cultures is shown in
Fig. 5.1. The colony characters and microscopic observations of selected
bacterial isolates are given in Table 5.3.
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Zn-1

Zn-2

Zn-3

Zn-4

Cr-1

Cr-2

Cr-3

Cr-4

a
Ni-1

c

Cd-1

Ni-2

Ni-3

Ni-4

Cd-2

Cd-3

Cd-4

b

d

Fig. 5.1 Testing the metal tolerance of bacterial isolates using metal gradient plate technique. Growth
of bacterial isolates on plates containing a, zinc; b, nickel; c, chromium; d, cadmium
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Table 5.2 Growth performance of bacterial cultures in metal gradient plate assay
Length of culture growth across the metal gradient (cm)
Isolate

Habitat

Coppe
Chromium
r

Cadmium

Lead

Zinc

Nickel

Firing
6.3
8.6
4.5
3.4
8.2
8.3
range
CETP5.4
6.2
8.8
2.6
8.2
7.0
MJ-Cd-4
MIDC
MJ-Cd- Kamber
6.7
7.2
5.8
4.4
8.9
8.3
14
lake
CETP8.4
8.6
7.4
6.2
8.0
7.8
MJ-Cr-6
MIDC
MJ-Cr- Rupa
4.3
6.8
6.3
4.6
8.3
8.5
11
Bhawani
MJ-Pb- Firing
8.2
6.8
6.4
6.4
8.2
8.5
13
range
Shelke
5.1
4.6
6.2
2.4
7.8
8.6
MJ-Ni-2
farm
Table 5.3 Colony characteristics, morphology and Gram’s nature of bacterial cultures
MJ-Cd-6

Colony characters isolates grown on nutrient agar
Isolat
e
MJCd-6
MJCd-4
MJCd-14
MJCr-6
MJCr-11
MJPb-13
MJNi-2

Size
Shape
(mm Texture
)
Smoot
Circular
2
h

Cell
morpholog
y

Gram’s
nature

Color

Opacity

Cream
white
Yellowis
h
Buff
white
Crimson
white

Translucen
t

Rods

Negativ
e

Opaque

Thick
rods

Positive

Translucen
t

Rods

Circular

1

Rough

Circular

3

Smoot
h

Circular

2

Rough

Oval

4

Smoot
h

White

Circular

3

Smoot

White

Irregula
r

2

Rough

Cream
white
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Negativ
e
Negativ
Opaque
Rods
e
Translucen
Negativ
Short rods
t
e
Translucen
Negativ
Thin rods
t
e
Thick
Opaque
Positive
rods

5.3.3 Minimum inhibitory concentration assay for metal tolerance
The set of bacterial isolates were further tested for metal tolerance in broth
assay (MIC assay). Presence of organic compounds and inorganic phosphates in
broth may complex the heavy metals thus reducing their bioavailability. To test
the role of bioavailability of metals due to complex nature of growth, the
bacterial cultures were also grown in synthetic broth containing organic
phosphates i.e. sodium -glycerophosphate that does not complex metals
maintaining the bioavailability.
Table 5.4 Minimum inhibitory concentration of metals for selected cultures in broth assay
Minimum Inhibitory Concentration (mg/l)
Isolate

Copper

Chromium Cadmium

Lead

Zinc

Nickel

NB

SM

NB

SM

NB

SM

NB

SM

NB

SM

NB

SM

MJ-Cd-6

80

40

90

90

40

30

60

10

120

80

60

40

MJ-Cd-4

60

40

70

50

60

40

70

30

80

60

70

70

MJ-Cd14

80

30

60

30

50

30

70

10

120 110

80

80

MJ-Cr-6

80

60

100

80

80

50

100

20

100

80

80

70

MJ-Cr-11

60

40

80

50

40

20

50

10

80

60

60

40

MJ-Pb13

100

70

100

80

60

40

90

30

120 100 100 90

MJ-Ni-2

60

40

80

50

40

30

40

<1
0

80

60

60

40

NB, Nutrient broth; SM, Synthetic medium

The data of MIC assay are presented in Table 3.4. It can be seen that highest
MIC of 120 mg/l was reported for metal zinc. Comparatively, the MIC of
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cadmium was found to be lower among the metals tested. In all cases the metal
tolerance of test cultures was found to be decreased when grown in synthetic
medium. The difference between MIC in nutrient broth and synthetic broth was
highest in case of lead than any other metals. Among the cultures tested, isolate
numbers MJ-Pb-13 and MJ-Cr-6 could be considered to be the most metal
tolerating cultures. However, on the basis of MIC values for all the metals the
isolates viz. MJ-Cr-11 and MJ-Ni-2 could be considered as least effective metal
tolerating cultures. These two cultures were not considered for further
characterization studies.
5.3.4 Growth curve of cultures
In addition to metal tolerance growth rate of culture can be taken into
consideration for the selection of cultures. Growth curves were obtained for the
set of five cultures grown in nutrient broth and are depicted in Fig. 5.2.

Fig. 5.2 Growth curve of bacterial isolates, MJ-Cr-6 and MJ-Pb-13 in presence and
absence of metals
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Minimum lag phase (<3 h) and rapid growth phase could be seen in case of
culture, MJ-Pb-13. Growth performance in terms of lag phase, log phase and
highest cell density of MJ-Cd-4 was slowest amongst all.
The microbial tolerance to metal has been reported to be dependent of pH
of medium. In order to check the pH tolerance and its effect on growth
performance, the five cultures were grown in nutrient broth at varying pH from
4.0 to 8.0. The data are presented in Fig. 5.3.
It can be seen that the culture growth increased with an increase in pH of
medium from acidic (4.0) to neutrality (7.0).
Fig. 5.3 Effect of pH on growth performance of the isolates in nutrient broth
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The optimum pH for growth of MJ-Cd-6, MJ-Cd-14 and MJ-Pb-13 was found
to be at neutrality (7.0), while, cultures, MJ-Cd-4 and MJ-Cr-6 grew well in
acidic pH (6.0-7.0). On the basis of growth curve, (Fig. 5.2) and pH tolerance
(Fig. 5.3), cultures MJ-Pb-13 and MJ-Cr-6 could be selected for further
characterization.
The growth curve experiments were carried out for these two cultures in
nutrient broth containing sub lethal concentrations of metals (50 mg/l). The data
obtained for culture MJ-Pb-13 are presented in Fig. 5.4. The cell densities were
found to be decreased in presence all metals except for zinc at 50 mg/l. Delay in
lag phase could be noticed for all metals. The data obtained for culture MJ-Cr-6
grown in presence of 50 mg/l of metals are presented in Fig. 5.5. The cell
densities were found to be decreased in presence all metals. Change in initial lag
phase could be noticed for all metals. However, in presence of zinc, culture
grew well with no delay in lag phase. The recovery from metal shock was seen
in presence of copper and chromium. Lead and cadmium appeared to be most
toxic metals than other metals at 50 mg/l.
Fig. 5.4 Growth performance of the isolate, MJ-Pb-13 in presence of sublethal
concentrations of metals (50 mg/l)
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5.3.5 Screening of cultures for metal biosorption
Table 5.5 Metal adsorption capacity of isolates at 100 mg/l initial concentration of
metals, pH 5.0 at 30C
Sr.
Isolate
No.

Metal adsorbed, Q (mg metal/g dry wt of cells)
Cu

Cr

Cd

Pb

Zn

Ni

1

MJ-Cd-6

15.60

17.26

38.20

42.33

14.20

16.90

2

MJ-Cd-4

32.66

23.18

34.20

51.83

17.14

26.14

3

MJ-Cd-14

28.00

15.50

18.22

43.22

29.55

15.15

4

MJ-Cr-6

26.72

33.31

45.12

66.16

26.36

21.36

5

MJ-Cr-11

24.17

25.42

23.04

45.12

28.81

17.12

6

MJ-Pb-13

25.14

38.66

42.34

71.45

25.48

23.44

7

MJ-Ni-2

21.22

28.72

16.15

28.08

22.10

26.04

The set of 7 metal tolerant bacterial isolates were tested for biosorptive capacity
for metals viz. copper, chromium, cadmium, lead, zinc and nickel. The
screening data are presented in Table 3.5. Highest metal sorption of 71.45 mg/g
was obtained for lead by culture MJ-Pb-13. Cultures MJ-Cr-6 and MJ-Pb-13
had exhibited highest biosorption of cadmium (45.12 mg/g) and chromium
(38.66 mg/g), respectively. Culture, MJ-Cd-14 was found to be effective
biosorber of copper (32.66 mg/g) and nickel (26.14 mg/g). Maximum
adsorption of zinc (29.55 mg/g) was seen in case of culture, MJ-Cd-14. On the
basis of amount of metal adsorbed by bacterial a preferential series could be
prepared as Lead > Cadmium > Chromium > Copper > Zinc > Nickel.
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5.4 Discussion
Phytoremediation is a fast expanding technology for remediation of
contaminated soils but it usually takes several years to remove metals from soil
partly because of their low bioavailability (Braud et al., 2006). In addition to
use of synthetic chelators to enhance the phytoextraction synergistic use of
plants and microorganisms is gaining importance (Glick, 2003). Soil
bioaugmentation with microorganisms which increase the bioavailability of
metals at the plant‟s disposal and its coupling with phytoextraction is a
promising process for the soil cleaning-up (Braud et al., 2006). For successful
development of technological approach, the most limiting factor would be
availability of microorganisms that establish in metal laden soils. Appearance of
metal in the soil most often inhibits the soil microbial activity. Certain
organisms are always known to develop tolerance to increasing concentrations
of toxic heavy metals. However, their number is scanty and needs to be
enriched. In present study, an enrichment of soils with metals leads to inhibition
of most of the microflora and allow the metal tolerating minor population to
grow. The plating of metal enriched soil samples have indicated towards the
survival of limited types of cultures. Metal toxicity reduces the microbial
diversity thus less diverse types of cultures could be obtained.
Bacterial isolates were known to have exposure to one type of metals but
the gradient plate assay indicated that these cultures could tolerate other metals
at considerable concentrations. This has indicated towards presence of some
general mechanisms of metal tolerance than any metal specific mechanisms.
Methods used so far for the determination of metal resistance capacity of
isolated cultures were found to be laborious, required huge number of glass
ware and chemicals. If the number of cultures to be screened is sufficiently
more, which is always desired for getting most efficient metal interacting
microorganisms, the expenses for screening experiments may limit the
experimental scope. This poses major problem before the researchers for
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searching new efficient organisms. In screening, the major objective is to
choose appropriate organism as well as to eliminate the high number of less or
non efficient cultures. In screening experiments, we have used a simple and
reliable method viz. gradient plate method. This method provides a wide range
of metal concentrations across the gradient and can help to characterize the set
of cultures for tolerance/resistance capacity. Gradient plate method was used in
this study as a primary screen to handle a large number of isolates. This method
proved successful in yielding the seven cultures possessing metal tolerance. The
gradient plate assay was developed at Eli Lilly and Company in 1976 as a
preliminary screen for the identification of direct-acting and activation
dependent mutagens (Rexoat et al., 1995). Two distinct advantages of the
gradient plate assay are (i) it requires a smaller amount of the test article than
any other conventional assays, and (ii) many cultures can be screened on a
single plate. The gradient plate provides exposure to continuously increasing
concentrations of metals, where as, broth MIC assays provides only step wise
rise in metal concentrations. The gradient plate does not give quantifiable
tolerance to metal concentrations rather it can be used to distinguish the
performance of set of cultures under same set of conditions.
The results of metal gradient plate assay were reconfirmed using broth
assay. The broth environment provides easy access to metals for
microorganisms. The MIC assay helps in quatifying the metal tolerance of
cultures. Use of synthetic media containing sodium glycerophosphate ensures
the solubility and thus the availability of metals. The decrease in MIC values in
synthetic medium than nutrient broth could be due to the increased availability
of metals.
Biosorption and immobilization are major mechanisms utilized by
animals and plants to limit the concentrations of internal reactive metal species
(Eccles, 1999). Biosorption using microbially produced synthetic phytochelatins
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has been shown to be a promising technique for ameliorating heavy metal
contamination (Wu et al., 2006).
All the metal tolerant bacterial isolates when studied for their biosorptive
capacities showed promising results. This has pointed towards the role of
biosorption as one of the leading mechanisms of metal resistance. Bacteria
might transform toxic trace element to forms that are more readily taken up into
roots (Zayed et al., 1998). To survive adverse conditions the microbes develop
mechanisms that confer upon them resistance against these heavy metals. These
microorganisms combat the metal stress by metal complexation and
precipitation and/or resorting to efflux mechanisms (Ahuja et al., 2001).
5.5 Conclusions
The present investigation was undertaken to isolate and characterize metal
tolerating microorganisms which can be suitably used in phytoremediation
techniques. Bacterial cultures were isolated from the soil samples collected
from diverse metal exposed and unexposed habitats. Metal enrichment
technique has yielded 93 isolates tolerating various metals. A simple method i.e.
metal gradient plate assay was adopted to screen the isolates. Seven cultures
were selected on the basis of growth performance on gradient plate. The
cultures were further characterized for metal tolerance in broth, growth curves,
pH tolerance and metal biosorption. On the basis of experimental results
cultures viz. MJ-Pb-13 and MJ-Cr-6 could be selected for phytoremediation
trials.
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Chapter 6

BIOMASS PRODUCTION OF LOCAL STRAIN OF
BGA FOR AGRICULTURE
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6.Biomass production of Local strain of Nitrogen fixing Cyanobacteria for
Agriculture
6.1.Introduction :
The biomass of microalgae as sun-dried or spray-dried powder or in compressed
form is the predominant product in microalgal biotechnology. This biomass is
harvested from natural waters or from cultures in artificial ponds or
photobioreactors with subsequent separation from the growth media and drying.
The final product of is usually a green or orange-colored powder, which is sold
mostly in the human health food market. One can recognize a growing market
for microalgal biomass in animal nutrition both in aquaculture and for animal
husbandry.
The use of microalgal and cyanobacterial single-cell protein as a
supplement or replacement for conventional protein sources (e.g. soybean meal
or fish meal) in livestock feed has been widely proposed and tested. Trials with
poultry, pigs, and ruminants conclude that concentrations of Spirulina up to
10% are satisfactory replacements for conventional protein sources, while
higher concentrations reduce growth.

Together with the eukaryotic microalgae, the cyanobacteria make up a large and
visible part of the world‟s biomass. Interestingly, the cyanobacteria have a long
history of usage in agriculture.
The significant role of these nitrogen-fixing microorganisms in improving
the fertility of wetlands such as rice (paddy) fields, at the sole expense of
photosynthetic energy produced on their own, is well-documented. The
application of fertilizers and pesticides has substantially increased rice
production in Asia, but there is an increasing concern over their adverse effects
on long-term soil fertility, soil productivity, and environmental quality
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(Kannaiyan et al., 1997). Biological nitrogen fertilizers may help ameliorate
these problems (Roger, 1996). Anabaena azollae is a heterocystous, nitrogenfixing cyanobacterium, which lives in symbiotic association with the upper leaf
cavity of the water fern Azolla and fixes atmospheric nitrogen. Growth and
development of Azolla and Anabaena azollae are synchronous while the
heterocyst of the symbiont A. azollae is the site of nitrogen fixation (Somani,
2005). Samal and Kannaiyan (1992) have shown good growth and heterocyst
frequency in four isolates of A. azollae in the immobilized state in alginate.
Biofertilizers are of great interest in many countries, especially in tropical
Asia and India where rice is one of the major crops. The agronomic potential of
cyanobacterial N2 fixation in rice fields was first recognized in India during
1939. The rice field ecosystem provides an environment favorable to the growth
of blue green algae with respect to their requirements for light, water, high
temperature and nutrient availability. This biofertilizer constitutes a perpetual
source of nutrients and they do not contaminate groundwater and deplete the
resources. In addition to contributing 25-30 kg N / ha of biologically fixed
nitrogen, they also add organic matter to the soil, excrete growth-promoting
substances, solubilize insoluble phosphates and amend the physical and
chemical properties of the soil (Venkataraman, 1972).
Other potential benefits of cyanobacteria growing in rice (paddy) fields
are the production and release of inhibitors of plant pathogens, and the
amelioration of the negative effect of high salt concentrations on soils, allowing
saline and soda soils to be brought into agricultural assuage (Kaushik, 1985).
The use of chemical fertilizers in agriculture has been enormously amplified
due to increased demand of food and there is little doubt regarding the use of
chemical fertilizers coupled with crops to achieve significant increment in yield.
However, their indiscriminate use has also resulted in serious consequences for
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both soil and water environments. Cyanobacteria currently seem to be offering a
potentially environmental friendly alternative to the use of chemical fertilizers .
Cyanobacteria are photosynthetic prokaryotes and colonizing microorganisms
that are found throughout the world and they are exceptionally well adapted to a
wide array of environmental conditions. They can enhance the plant growth
directly and/or indirectly.
In general, there are four methods of algal production have been reported viz.1)
trough or tank method2) Pit method 3) Field method and4) Nursery cum algal
production method. The former two methods are essentially for individual
farmers and latter two are for bulk production on a commercial scale.

6.2.Material and method :
6.2.1 : Enrichment of Local strain of Nostoc :
An inoculums of freshly collected terrestrial sample was processed aseptically
for isolation and purification propose The local strain of Nostoc (Mixture of
Oscillatoria ,Navacula) collected from College ground and Cultures were
purified as per the methods described by Kaushik (1987). Either purified
isolates a number of transfers in broth media or by solid agar plate method or by
using antibiotics in the media (chloramphenicol, 25 mg/l combined with
penicillin 50 mg/l and antifungal antibiotics, fluconazole, 100 mg/l separately).
The cultures were further maintained in the broth medium in which it had
exhibited maximum growth during enrichment experiments.(as shown in plate
No.6. 3)
6.2.2 Biomass production :
The Plastic pond of 5‟ x 5‟x 2‟ is prepared and the mixture of 5kg of garden
soil , three Kg . of Superphosphate and pure culture(10 ml with BG11medium)
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of Nostoc is added (as shown in plate 6.1.1) waiting for one month .After one
month the pond showing blooming of BGA (as shown in fig.6.1.2) and allow to
evaporate the water up to formation of cakes and flakes ( as shown in fi6.1..3)
and then cakes and flakes were collected in sterile plastic bags( as shown in
fig6.1.4) and the physicochemical characters of soil like pH ,EC, Water holding
capacity ,SAR , field capacity was studied .

6.2.3.Effect on Dolishos biflorus
Pot experiments in laboratory were conducted to evaluate the phytostimulatory
effect of cyanobacterial strains on Dolichos biflorus.

Seeds , were surface-

sterilized with 0.1% HgCl2 for 5 to 7 min with continuous shaking. The seeds
were then rinsed five times with sterile water to remove any trace of HgCl2.
Seeds were incubated in two strains of cyanobacterial suspension{Nostoc and
Anabaena (filaments of 15 days old cultures were homogenized to distribute
them equally in the suspension)} . Water treated seeds were used as control. The
pots (12cm × 12 cm) used in experiment were sterilized by dipping them in 5%
sodium hypochlorite solution for 20 min. Control and inoculated seeds (100
seeds per pot) were sown in sterilized pot containing autoclaved soil
(approximately 300 g). The pots were kept at 25 ± 2°C, 60% relative humidity,
for 15 days. Pots were observed and watered regularly during this period. After
45 days, plants were harvested and their growth parameters like germination % ,
root length , shoot length, Biomass
chlorophyll content (Arnon 1949).

and

physiological parameters like

,polyphenols (Folin and Denis1915)

Sucrose g/100g, Peroxidase g/m-1. Ascorbic acid g/100g were analysed.
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1

2
Fig. 6.1 :

3

4

Biomass production of Local strains

1.Soil+Superphosphate + Local strain
2. Blooming pond (after 30 days)
3. Pond showing cakes (after 60 days)
4. Bags showing BGA fertilizer
Tabl .6.1 : physicochemical characters of garden soil and BGA containing soil

Parameters
pH
E.C.
W.H.C.
F.C.
SAR
Total organic carbon,
mg/l

Garden soil
6.5
0.71
56
28
3.4
32

BGA containing soil
6
0.92
65
36
4.2
36

Sodium adsorption ratios (SAR)
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140
120
100
80
60
40

BGA containing soil

20

Garden soil

0

Fig 6.2 : physicochemical characters of garden soil and BGA containing
soil
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Fig. 6.3 ISOLATION OF LOCAL STRAIN IN BG-11 MEDIUM
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Table 6.2.: Effect of two isolates on Dolichos biflorus

Plant

Dolichos biflorus

Parameters
Control
Germination time

Nostoc

Anabaena

3-4

4 -5

3 -4

Root length. Cm

2.1

1.6

2.5

Shoot length.

7.8

7.2

7.9

80.90

74.62

89.53

1.00

1.25

1.6

Sucrose g/100g

1.6

3.7

3.2

Ascorbic acid

1.2

1.0

8.0

Biomass

2.2

3.4

2.3

Peroxidase g/m-1

4

6.4

6

days

Cm
Total chlorophyll
mg/100g
Polyphenol
g/100g

g/100g
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6.3 .: Effect of two isolates on Trigonella foenum - graecum

Plant

Trigoneila foenum - graecum

Parameters
Control
Germination time

Nostoc

Anabaena

3-6

4-8

3-6

Root length. Cm

4.6

1.3

2.4

Shoot length.

8.9

8.8

9.6

23.09

43.08

29.02

03.05

09.00

02.00

Sucrose g/100g

5.00

4.05

4.00

Ascorbic acid

2.24

3.26

2.60

Biomass

2.28

3.38

2.36

Peroxidase g/m-1

22.8

22

24.04

days

Cm
Total chlorophyll
mg/100g
Polyphenol
g/100g

g/100g
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Dolichos biflorus
Fig.6.4 Growth of Dolichos biflorus in pot and Root shoot length

6.3Result and discussion :
The biomass production of local strain of Nostoc (BGA) was cultured
by pit method and the Physicochemical characters of

garden soil and BGA

containing soil were compared as shown in Table no.6.1.The pH of garden soil
is 6.5 and BGA containing soil is 6.so it is slightly acidic in nature, EC is 0.71
99

and 0.92 respectively,WHC (Water holding capacity ) is 65 in BGA containing
soil as compare to garden soil , FC(Field capacity ) is more in( 36) BGA
containing soil as compare to garden soil ,SAR Sodium adsorption ratios (SAR)
were in the ranges from 3.4 to 4.2. and total organic contain is also increased .
The effect of two strains (Nostoc and Anaebena ) on Dolichos biflorus is shown
in table 6.2 the germination of seed in control require 3-4 days while in Nostoc
4 -5 and 3 -4 days in Anabaena, the root length and shoot length is also more
(2.5 and 7.9) in Anabaena respectively, the total chlorophyll is also more(74.6
and 89.53 ) in Nostoc and in Anabaena as compare to control,the polyphenol
is more in Anabaena (1.6)in .The sucrose content is more in Nostoc as compare
to control and Anabaena , Acorbic acid is also more in Anaebina , biomass is
mor in Nostoc and one of the most important Peroxidase activity is more in
Nostoc.
The effect of two local strains are also studied on Trigonella foenum - graecum
as shown in table 6.3 germination of seed in control require 3-6 days while in
Nostoc 4 -8 and 3 -6 days in Anabaena, the root length is more in control and
shoot length is more in Anaebena , the total chlorophyll is also more(43.08 )
in Nostoc ,The polyphenol is more in Nostoc (09.00) .The sucrose content is
more in control , Acorbic acid and Biomass is also more in Nostoc and one
of the most important Peroxidase activity is more in Anebina .

6.4 Summary and conclusion :
The present investigation was undertaken to isolate local strain of BGA and
their effect on leguminous plants ( Dolichos biflorus) can be suitably used in to
increase the fertility of soil . BGA cultures were isolated from the soil and
water samples collected from diverse habitats enrichment technique has
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yielded many isolates but selected only two and studied the effect on
Doliochos biflorus and Trigoneila foenum - graecum the Anabaena strain
shows better result as compare to Nostoc in Dolichos biflorous while the
Nostoc shows better results in Trigoneila foenum - graecum taken into
considering the morphological and physiological characters.
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Summary and conclusions

Solapur is city (17.68 N 75.92E) located in southern parts of
Maharashtra state in India. The city waste waters runs through a peripheral
water stream (nalla) around the city. This water has been lifted directly for
agriculture purpose. This waste water stream and agricultural fields irrigated
with these waste waters was the study area. Vegetables and other cash crops
have been cultivated consuming this water. Solapur district is also well known
for grape,Sugarcane,Pomegranate and famous for Jowar cultivations. It is our
observation that farmers use metal

chemical fertilizers and pesticides

containing as a soil, foliar and fruit spray. Farmers are unaware of fate of such
metals in soils and their effects on crop yield and fertility of soils. There is a
need to evaluate the problem and search for possible remedy for increase soil
fertility by using biofertilizer .
North Solapur : North Solapur Taluka is one of the 11 tehsils of Solapur
District in the Indian state of Maharashtra. This tehsil is located in the eastern
side of district and is bordered by Osmanabad District to the northeast, South
Solapur to the south and east, Barshi Taluka to the north and Mohol Taluka to
the west. The tehsil headquarters is located at Solapur, which is also the district
headquarters and its largest city. As of 2001, the tehsil population was
960,803[2]
There are two meteorological observatories in the district, one at Solapur and
the other at Jeur. The data of Solapur are available for a longer period. The
records of these two observatories may be taken as fairly representative of the
meteorologicalconditions in the district in general. The cold season starts by
about the end of November when temperatures, especially night temperatures,
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begin to fall rapidly. December is the coldest month with the mean daily
maximum at 29.39'C and the mean daily minimum at 14.8°C. The minimum
temperature may occasionally drop down to 4°C or 5°C. The period from about
the middle of February to the end of May is one of continuous increase of
temperature. May is the hottest month with the mean daily maximum
temperature at 39.9°C and the mean daily minimum at 25.1 The heat during the
summer season is intense and the maximum temperature may sometimes go up
to about 44°C or 45°C. Afternoon thunder-showers bring welcome relief from
the heat. The onset of the south-west monsoon by about the first week of June
brings down the temperatures appreciably. After the withdrawal of the southwest monsoon early in October day temperatures increase slightly but the night
temperatures steadily decrease. After mid-November both day and night
temperatures begin to drop rapidly. Except during the south-west monsoon
season the daily range of temperature is large and is of the order of 12°C to
16°Cat Solapur.The highest maximum temperature recorded at Solapur was
45.6°C on May 12,1939 and the lowest minimum was 4.4°C on January 7,
1945.
The present study was an attempt to address the diversity of cyanobacteria in
various locations of North Solapur region and three urban lakes .The
identification of cyanobacteria was based on microscopic morphological
observations. Total 50 isolates were isolated from soil and water out of these
seven are unicellular thirtthree were filamentous Non-heterocystous and ten
filamentous heterocystous , thrty one isolates showing good results in BG-11
medium and nineteen in Chu‟s#10 medium and some toxic cyanobacteria are
also found in urban lakes it indicates these wetlans are in thratned condition.
The physicochemical characters of three lakes indicate water is more polluted
The Phytoplankton diversity as shown in .The diversity of class Cyanophyceae
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Is more in Sabhaji Lake ie 16 as compare Siddeshwar lake and Hipparga laake
ie .16 and 12.
Class Chlorophyceae in Sambhaji lake is more 12 as compare to remaning two
lake . Class – Euglenophyceae is found in all lake. Class – Dinophyceae is also
found in all lake. Class – Bacillariophyceae member are more in Sambhaji lake
ie .12 as compare remaining Lakes.The total phytoplankton diversity is 43 in
Sabhaji lake 38 in Shiddeshwar lake and 31 in Hipparga lake .
Phytoremediation is a fast expanding technology for remediation of
contaminated soils but it usually takes several years to remove metals from soil
partly because of their low bioavailability (Braud et al., 2006). In addition to use
of synthetic chelators to enhance the phytoextraction synergistic use of plants
and microorganisms is gaining importance (Glick, 2003). Soil bioaugmentation
with microorganisms which increase the bioavailability of metals at the plant‟s
disposal and its coupling with phytoextraction is a promising process for the soil
cleaning-up (Braud et al., 2006). For successful development of technological
approach, the most limiting factor would be availability of microorganisms that
establish in metal laden soils. Appearance of metal in the soil most often
inhibits the soil microbial activity. Certain organisms are always known to
develop tolerance to increasing concentrations of toxic heavy metals. However,
their number is scanty and needs to be enriched. In present study, an enrichment
of soils with metals leads to inhibition of most of the microflora and allow the
metal tolerating minor population to grow. The plating of metal enriched soil
samples have indicated towards the survival of limited types of cultures. Metal
toxicity reduces the microbial diversity thus less diverse types of cultures could
be obtained.
Bacterial isolates were known to have exposure to one type of metals but
the gradient plate assay indicated that these cultures could tolerate other metals
at considerable concentrations. This has indicated towards presence of some
general mechanisms of metal tolerance than any metal specific mechanisms.
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Methods used so far for the determination of metal resistance capacity of
isolated cultures were found to be laborious, required huge number of glass
ware and chemicals. If the number of cultures to be screened is sufficiently
more, which is always desired for getting most efficient metal interacting
microorganisms, the expenses for screening experiments may limit the
experimental scope. This poses major problem before the researchers for
searching new efficient organisms. In screening, the major objective is to
choose appropriate organism as well as to eliminate the high number of less or
non efficient cultures. In screening experiments, we have used a simple and
reliable method viz. gradient plate method. This method provides a wide range
of metal concentrations across the gradient and can help to characterize the set
of cultures for tolerance/resistance capacity. Gradient plate method was used in
this study as a primary screen to handle a large number of isolates. This method
proved successful in yielding the seven cultures possessing metal tolerance. The
gradient plate assay was developed at Eli Lilly and Company in 1976 as a
preliminary screen for the identification of direct-acting and activation
dependent mutagens (Rexoat et al., 1995). Two distinct advantages of the
gradient plate assay are (i) it requires a smaller amount of the test article than
any other conventional assays, and (ii) many cultures can be screened on a
single plate. The gradient plate provides exposure to continuously increasing
concentrations of metals, where as, broth MIC assays provides only step wise
rise in metal concentrations. The gradient plate does not give quantifiable
tolerance to metal concentrations rather it can be used to distinguish the
performance of set of cultures under same set of conditions.
The results of metal gradient plate assay were reconfirmed using broth
assay. The broth environment provides easy access to metals for
microorganisms. The MIC assay helps in quatifying the metal tolerance of
cultures. Use of synthetic media containing sodium glycerophosphate ensures
the solubility and thus the availability of metals. The decrease in MIC values in
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synthetic medium than nutrient broth could be due to the increased availability
of metals.
Biosorption and immobilization are major mechanisms utilized by
animals and plants to limit the concentrations of internal reactive metal species
(Eccles, 1999). Biosorption using microbially produced synthetic phytochelatins
has been shown to be a promising technique for ameliorating heavy metal
contamination (Wu et al., 2006).
All the metal tolerant bacterial isolates when studied for their biosorptive
capacities showed promising results. This has pointed towards the role of
biosorption as one of the leading mechanisms of metal resistance. Bacteria
might transform toxic trace element to forms that are more readily taken up into
roots (Zayed et al., 1998). To survive adverse conditions the microbes develop
mechanisms that confer upon them resistance against these heavy metals. These
microorganisms combat the metal stress by metal complexation and
precipitation and/or resorting to efflux mechanisms (Ahuja et al., 2001).
The present investigation was undertaken to isolate and characterize metal
tolerating microorganisms which can be suitably used in phytoremediation
techniques. Bacterial cultures were isolated from the soil samples collected
from diverse metal exposed and unexposed habitats. Metal enrichment
technique has yielded 93 isolates tolerating various metals. A simple method i.e.
metal gradient plate assay was adopted to screen the isolates. Seven cultures
were selected on the basis of growth performance on gradient plate. The
cultures were further characterized for metal tolerance in broth, growth curves,
pH tolerance and metal biosorption. On the basis of experimental results
cultures viz. MJ-Pb-13 and MJ-Cr-6 could be selected for phytoremediation
trials.
The biomass production of local strain of Nostoc (BGA) was cultured
by pit method and the Physicochemical characters of
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garden soil and BGA

containing soil

were compared

the pH of garden soil is 6.5 and BGA

containing soil is 6.so it is slightly acidic in nature, EC is 0.71 and 0.92
respectively,WHC (Water holding capacity ) is 65 in BGA containing soil as
compare to garden soil , FC(Field capacity ) is more in( 36) BGA containing
soil as compare to garden soil ,SAR( Sodium adsorption ratios ) were in the ranges
from 3.4 to 4.2. and total organic contain is also increased .
The effect of two strains (Nostoc and Anaebena ) on Dolichos biflorus is
studied the germination of seed in control require 3-4 days while in Nostoc 4 -5
and 3 -4 days in Anabaena, the root length and shoot length is also more (2.5
and 7.9) in Anabaena respectively, the total chlorophyll is also more(74.6 and
89.53 ) in Nostoc and in Anabaena as compare to control,the polyphenol is
more in Anabaena (1.6)in .The sucrose content is more in Nostoc as compare to
control and Anabaena , Acorbic acid is also more in Anaebina , biomass is mor
in Nostoc and one of the most important Peroxidase activity is more in Nostoc.
The effect of two local strains are also studied on Trigonella foenum - graecum
was studied ,the germination of seed in control require 3-6 days while in
Nostoc 4 -8 and 3 -6 days in Anabaena, the root length is more in control and
shoot length is more in Anaebena , the total chlorophyll is also more(43.08 )
in Nostoc ,The polyphenol is more in Nostoc (09.00) .The sucrose content is
more in control , Acorbic acid and Biomass is also more in Nostoc and one
of the most important Peroxidase activity is more in Anebina . This project is
useful for research students and also for agriculture in future .

108

Chapter 8

Bibliography

109

Bibliography

.

1.

Abou-Shanab R.A., Ghanem K., Ghanem N. and Al-Kolaibe A. (2008)
The role of bacteria on heavy-metal extraction and uptake by plants
growing on multi-metal-contaminated soils. World J Microbiol Biotechnol
24, 253-262.

2. Acea M.J., Diz N. and Prieto-Fernández A. (2001) Microbial populations in
heated soils inoculated with cyanobacteria. Biol Fertil Soils 33, 118-125.
3. Ahuja P., Mohapatra H., Saxena R.K. and Gupta R. (2001) Reduced uptake
as a mechanism of zinc tolerance in Oscillatoria anguistissima Curr
Microbiol 43, 305-310.
4. APHA (1998) Standard Methods for Examination of Water and Wastewater.
American Public Health Association, 22th ed, Washington D.C.
5. Arnon

D.I.

(1949)

Copper

enzyme

in

isolated

chloroplasts,

polyphenoloxidase in Beta vulgaris. Plant Physiol 24, 1-15.

6. Baath E.(1989)Effects of Heavy metals in soilmicrobial processes and
populations (a review) .Water Air Soil Poll 47, 335 -379
7. Brayner R., Barberousse H., Hemadi M., Djedjat C., Yéprémian C., Coradin
T., Livage J., Fiévet F. and Couté A. (2007) Cyanobacteria as bioreactors for
the synthesis of Au, Ag, Pd, and Pt nanoparticles via an enzyme-mediated
route. J Nanosci Nanotechnol 7, 2696-2708.
8. Braud A., Jezequel K., Vieille E., Tritter A. and Lebeau T. (2006) Changes
in extractability of Cr and Pb in a polycontaminated soil after
bioaugmentation with microbial producers of biosurfactants, organic acid
and siderophores. Water Air Soil Pollut 6, 261-279.

110

9. Carpenter E.J., Capone D.G. and Reuter J.G. (Eds) (1992) Marine Pelagic
Cyanobacteria: Trichodesmium and other Diazotrophs. NATO ASI
Series C, Mathematical and Physical Sciences, Vol. 362. Kluwer
Academic Publishers, Dordrecht.
10. Chaudhary M.P. and Chandra R. (2005) Toxicity assessment of heavy
metals with Nostoc muscorum L. J Environ Biol 26, 129-134.
11. Chojnacka K., Chojnacki A. and Górecka H. (2005) Biosorption of Cr3+,
Cd2+

and

Cu2+

ions

by

blue-green

algae

Spirulina

sp.:

kinetics,equilibrium and the mechanism of the process. Chemosphere
59, 75-84.
12. Chunleuchanon S., Sooksawang A., Teaumroong N. and Boonkerd N.
(2003) Diversity of nitrogen-fixing cyanobacteria under various
ecosystems of Thailand: population dynamics as affected by
environmental factors. W J Microbiol Biotechnol 19, 167-173.
13. Ciferri O. and Tiboni O. (1985) The biochemistry and industrial potential of
Spirulina. Ann Rev Microbiol 39, 503-526.
14. Codd, G.A., Bell, S.G. and Brooks, W.P. 1989(2000) Cyanobacterial toxins
in water. Water. Sci. Technol. 21, 1-13.
15. Curl E.U.and Truelove B.(1986)The Rhizosphere Spinger – Veriagg,
Heidelberg.
16. Desikachary T.V. (1959) Cyanophyta. Indian Council of Agricultural
Research, New Delhi.
17. Dupont C.L., Barbeau K. and Palenik B. (2008) Ni uptake and limitation in
marine Synechococcus strains. Appl Environ Microbiol 74, 23-31.
18. Dwivedi S., Misra P.K., Rai U.N., Tripathi R.D., Suseela M.R., Sinha S.,
Baghel V.S., Pal A. and Dwivedi C.P. (2005) Fresh water blue green
algae from three agro-climatic zones of Uttar Pradesh, India:
distribution pattern with seasonal variation. J Environ Biol 26, 21-30.
19. Dyhrman S.T. and Haley S.T. (2006) Phosphorus scavenging in the
unicellular marine diazotroph Crocosphaera watsonii. Appl Environ
Microbiol 72, 1452-1458.
111

20. Eccles H. (1999)Treatment of metal contaminated wastes :Why select a
biological process .Trrends Biotechnol 17,462 -465.
21. Folin O., Denis W., (1915). A colorimetric estimation of phenol and phenol
and derivatives in urine. J. Biol. Chem., 22; 305-308.
22. Flores E. and Herrero A. (2005) Nitrogen assimilation and nitrogen control
in cyanobacteria. Biochem Soc Trans 33, 164-167.
23. Funari E. and Testai E. (2008) Human health risk assessment related to
cyanotoxins exposure. Crit Rev Toxicol 38, 97-125.
24. Garcia-Pichel F. and Blenap J. (1996) Microenvironments and microscale
productivity of cyanobacterial desert crusts. J Phycol 32, 774-782.
25. Garcia-Pichel F., Nubel U., and Muyzer G. (1998) The phylogeny of
unicellular, extremely halotolerant cyanobacteria. Arch Microbiol 169,
469-482.
26. Giller K.E.Witter E.and McGrath S.P.(1998):Toxicity of heavy metals to
microorganisms and microbial process in agricultural soils : a review
.Soil Biolo Biochem 30, 1389 -1414.
27. Glick B.R.(2003)Phytoremediation :synergistic use of plants and bacteria to
clean up the environment .Biotech Adv. 21 383 -393.
28. Gregor J. and Marsálek B. (2004) Freshwater phytoplankton quantification
by chlorophyll a: a comparative study of in vitro, in vivo and in situ
methods. Water Res 38, 517-522.
29. Gross E.D. and Martin D.F. (1996) Iron dependence of Lyngbya majuscula.
J Aquat Plant Manage 34, 17-20.
30. Gupta S. and Agrawal S.C. (2006) Motility in Oscillatoria salina as affected
by different factors. Folia Microbiol (Praha) 51, 565-571.
31. Häder D.P. (1987) Photomovement. In: The Cyanobacteria. (Eds) Fay P.
and Van C., Baalen Elsevier, Amsterdam, 325-345.
32.

Kannaiyan S., Aruna S.J., Prem Kumari M.S. and Hall D.O. (1997)
Immobilized cyanobacteria as a biofertilizer for rice crops. J Appl
Phycol 9, 167-174.

112

33. Kaushik B.D. (1985) Blue green algae in rice cultivation: An evaluation.
Pro Soil Symp, Hisar, pp. 261-271.
34.Kaushik B.D. (1987) Laboratory Methods for Blue-Green Algae. Associated
Pub. Co., New Delhi, India.
27. Kaushik B.D. (1987) Laboratory Methods for Blue-Green Algae.
Associated Pub. Co., New Delhi, India.
28 .Kaushik B.D. (1989) Reclamative potential of cyanobacteria in salt affected
soils. Phykos 28, 101-109.
29 . Kaushik B.D. (2007) Cyanobacteria for amelioration of salt affected soils.
In Organic Recycling and Bioinoculants for Sustainable Crop Production.
(Eds.) Somani L.L. and Bhandari S.C., Agrotech Publishing Academy,
Udaipur.
30.

Kulik M.M. (1995) The potential for using cyanobacteria (blue-green
algae) and algae in the biological control of plant
pathogenic bacteria and fungi. Eur J Plant Path 101, 585-599.

31.

Kumar K. Lakshmanan A. and Kannaiyan S. (2003) Bioregulatory and
therapeutic effects of blue green algae. Indian J Microbiol 43, 9-16.

32.

Lefebvre D.D., Kelly D. and Budd K. (2007) Biotransformation of
Hg(II) by cyanobacteria. Appl Environ Microbiol 73, 243-249.

33.

Lengke M.F., Fleet M.E. and Southam G. (2007) Biosynthesis of
silver nanoparticles by filamentous cyanobacteria from a silver(I)
nitrate complex. Langmuir 23, 2694-2699.

34.

López-Maury L., Florencio F.J. and Reyes J.C. (2003) Arsenic sensing
and resistance system in the cyanobacterium Synechocystis sp. strain
PCC 6803. J Bacteriol 185, 5363-5371.

35.

Martinez R.E., Pokrovsky O.S., Schott J. and Oelkers E.H. (2008)
Surface charge and zeta-potential of metabolically active and dead
cyanobacteria. J Colloid Interface Sci 323, 317-325.

113

36.

Mathad P., Uttam V.G. and Mathad R.D. (2006) Interactive effect of
metal ions over exponential growth period of microalgal cells. J
Environ Biol 27, 413-417.

37.

Mazur-Marzec M.H., Zeglinska L. and Plinski M. (2005) The effect of
salinity on the growth, toxin production, and morphology of Nodularia
spumigena isolated from the Gulf of Gdansk Southern Baltic Sea. J
Appl Phycol 17, 171-179.

38.

Metting B. (1981) The systematics and ecology of soil algae. Bot Rev
47, 195-311.

39.

Mian P., Heilmann J., Bürgi H.-R. and Sticher O. (2003) Biological
screening of terrestrial and freshwater cyanobacteria for antimicrobial
activity, Brine Shrimp lethality and cytotoxicity. Pharm Biol 41, 243247.

40.

Nagase H., Inthorn D., Oda A., Nishimura J., Kajiwara Y., Park M.O.,
Hirata K. and Miyamoto K. (2005) Improvement of selective removal
of heavy metals in cyanobacteria by NaOH treatment. J Biosci Bioeng
99, 372-377.

41.

Nakamoto H. and Honma D. (2006) Interaction of a small heat shock
protein with light-harvesting cyanobacterial phycocyanins under stress
conditions. FEBS Lett 580, 3029–3034.

42.

Nannipieri P.,Ascher J.Ceccherini M.T.Landi L.Pittermellara G.and
Renella G. (2003)Microbial diversity and soil functions .Eur.J.Soil Sci.
54 ,655 -670

43.

Nayak S., Prasanna R., Prasanna B.M. and Sahoo D.B. (2008)
Analyzing diversity among Indian isolates of Anabaena (Nostocales,
Cyanophyta) using morphological, physiological and biochemical
characters. World J Microbiol Biotechnol DOI 10.1007/s11274-0079403-x.

114

44.

Olaizola M. (2003) Commercial development of microalgal
biotechnology from the test tube to the marketplace. Biomol Eng 20,
459-466.

45.

Ördög V., Strik W. A., Lenobel R., Bancirova S.M., Standan J.,
Szigeti J. and Nemeth L. (2004) Screening microalgae for some
potentially useful agriculture and pharmaceutical secondary
metabolites. J Appl Phycol 16, 309-314.

46.

Parikh A. and Madamwar D. (2006) Partial characterization of
extracellular polysaccharides from cyanobacteria. Bioresour Technol
97, 1822-1827.

47.

Peterson G., Allen C.R. and Holling C.S. (1998) Ecological resilience,
biodiversity, and scale. Ecosystems 1, 6–18.

48.

Pickhardt P.C. and Fisher N.S. (2007) Accumulation of inorganic and
methylmercury by freshwater phytoplankton in two contrasting water
bodies. Environ Sci Technol 41, 125-131.

49.

Prabaharan D., Sumathi M. and Subramanian G. (1994) Ability to use
ampicillin as a nitrogen source by the marine cyanobacterium
Phormidium valderianum BDU 30501. Curr Microbiol 28, 315-320.

50.

Radway J.C., Wilde E.W., Whitaker M.J. and Weissman J.C. (2001)
screening of algal strains for metal removal capabilities. J Appl Phycol
13, 451-455.

51.

Raungsomboon S., Chidthaisong A., Bunnag B., Inthorn D. and
Harvey N.W. (2006) Production, composition and Pb2+ adsorption
characteristics of capsular polysaccharides extracted from a
cyanobacterium Gloeocapsa gelatinosa. Water Res 40, 3759-3766.

52.

Rexroat M.A.,Oberly T.J.,Bewsey B.J.and Garriott M.L.(1995)The
gradient plate assay a modified Ames assay used as prescreen for the
identification of bacterial mutagens .Mut Res /Genetic Toxicol 341,
185 -192

115

53.

Rippka R., Deruelles J., Waterbury J.B., Herdman M. and Stanier
R.Y. (1979) Generic assignments, strain histories and properties of
pure cultures of cyanobacteria. J Gen Microb 111, 1-61.

54.

Rippka R., Waterbury J. and Cohen-Bazire G. (1974) A
cyanobacterium which lacks thylakoids. Arch Microbiol 100, 419436.

55.

Roger P.A. (1996) Biology and management of the floodwater
ecosystem in rice fields. Intl Rice Res Inst, Manila, Philippines.

56.

Roy Choudhary P., Krishnamurti G.S.R. and Venkataraman G.S.
(1980) Effect of algal inoculation on soil aggregation in rice soils.
Phykos 19, 224-227.

57.

Roychoudhary P., Kaushik B.D. and Venkataraman G.S. (1985)
Response of Tolypothrix ceylonica to sodium stress. Curr Sci 54,
1181-1183.

58.

Rueter J.G. and Petersen R.R. (1987) Micronutrient effects on
cyanobacterial growth and physiology. New Zealand J Marine
Freshwater Res 21, 435-445.

59.

Samal K.C. and Kannaiyan S. (1992) Ammonium excretion by
Anabaena azollae immobilized in alginate and its effect on the growth
of rice seedlings. Intl Rice Res News Lett, 17, 21-22.

60.

Scholz B. and Liebezeit G. (2007) Chemical screening for bioactive
substances in culture media of microalgae and cyanobacteria from
marine and brackish water habitats: First results. Pharm Biol 44, 544549.

61.

Shah V., Ray A., Garg N. and Madamwar D. (2000) Characterization
of the extracellular polysaccharide produced by a marine
cyanobacterium, Cyanothece sp. ATCC 51142, and its exploitation
toward metal removal from solutions. Curr Microbiol 40, 274-278.

62.

Singh R.N. (1961) Role of Blue-Green Algae in Nitrogen Economy of
Indian Agriculture, ICAR, New Delhi.

116

63.

Singh S. and Singh J.S. (1995) Microbial biomass associated with
water-stable aggregates in forest, savannah and cropland soils of a
seasonally dry tropical region. Indian Soil Biol Biochem 27, 10271033.

64.

Smith S.E. and Read D.J.(1997)Mycorrhizal SSymbioses 2nd
Edn,Academic Press London.

65.

Solisio C., Lodi A., Torre P., Converti A. and Del Borghi M. (2006)
Copper removal by dry and re-hydrated biomass of Spirulina
platensis. Bioresour Technol 97, 1756-1760.

66.

Somani L.L (2005) Handbook of Biofertilizers: Blue Green Algae.
Agrotech Publishing Academy, Udaipur, 289-486.

67.

Somani L.L (2005) Handbook of Biofertilizers: Blue Green Algae.
Agrotech Publishing Academy, Udaipur, 289-486.

68.

Soni B., Kalavadia B., Trivedi U and Madamwar D. (2006)
Extraction, purification and characterization of phycocyanin from
Oscillatoria quadripunctulata –isolated from the rocky shores of BetDwarka, Gujarat, India. Process Biochem 41, 2017-2023.

69.

Stanier R.Y., Kunisawa R., Mandel M. and Cohen-Bazire (1971)
Purification and properties of unicellular blue-green algae (Order
Chroococcales). Bacteriol Rev 35, 171-205.

70.

Surosz W. and Palinska K.A. (2005) Effects of heavy-metal stress on
cyanobacterium Anabaena flos-aquae. Arch Environ Contam Toxicol
48, 40-48.

71.

Tandeau de Marsac N. and Houmard J. (1993) Adaptation of
cyanobacteria to environmental stimuli: new steps towards molecular
mechanisms. FEMS Microbiol Rev 104, 119-190.

72.

Teaumroong N., Innok S., Chunleuchanon S. and Boonkerd N. (2002)
Diversity of nitrogen-fixing cyanobacteria under various ecosystems
of Thailand: I. Morphology, physiology and genetic diversity. W J
Microbiol Biotechnol 18, 673–682.

117

73.

Thajuddin N. and Subramanian G. (2005) Cyanobacterial biodiversity
and potential applications in biotechnology. Curr Sci 89, 49-57.

74.

Thapar R., Srivastava A.K., Bhargava P., Mishra Y. and Rai L.C.
(2008) Impact of different abiotic stresses on growth, photosynthetic
electron transport chain, nutrient uptake and enzyme activities of Cuacclimated Anabaena doliolum. J Plant Physiol 165, 306-316.

75.

Tiwari O.N., Prasanna R., Yadav A.K., Dhar D.W. and Singh P.K.
(2001) Growth potential and biocide tolerance of non-heterocystous
filamentous cyanobacterial isolates from rice fields of Uttar Pradesh,
India. Biol Fertil Soils 34, 291-295.

76.

Tripathi B.N., Mehta S.K. and Gaur J.P. (2003) Differential sensitivity
of Anabaena doliolum to Cu and Zn in batch and semicontinuous
cultures. Ecotoxicol Environ Saf 56, 311-318.

77.

Tripathi R.D., Dwivedi S., Shukla M.K., Mishra S., Srivastava S.,
Singh R., Rai U.N. and Gupta D.K. (2008) Role of blue green algae
biofertilizer in ameliorating the nitrogen demand and fly-ash stress to
the growth and yield of rice (Oryza sativa L.) plants. Chemosphere 70,
1919-1929.

78.

Tripathi S., Kumari S., Chakraborty A., Gupta A., Chakrabarti K. and
Bandyapadhyay B.K. (2006) Microbial biomass and its activities in
salt-affected coastal soils. Biol Fertil Soils 42, 273-277.

79.

Tsujimura S., Nakahara H. and Ishida N. (2000) Estimation of soil
algal biomass in salinized irrigation land: a comparison of culture
dilution and chlorophyll a extraction methods. J Appl Phycol 12, 1-8.

80.

Ullrich G. (2002) Salinity and nitrogen nutrition. In, Salinity:
Environment - Plants - Molecules. (Eds.) Lèauchli A. and Lèuttge U.,
Kluwer Academic Pub, Dordrecht, Boston.

81.

Venkataraman G.S. (1972) Algal Biofertilizer and Rice Cultivation.
Today and Tomorrow Printers and Publishers, New Delhi.

82.

Venkataraman G.S. (1975) The role of blue-green algae in tropical rice
cultivation. In: Nitrogen Fixation by Free-living Micro-organisms.
118

(Ed.) Stewart W.D.P., Cambridge University Press, Cambridge, pp
207-218.
83.

Venkataraman G.S. (1975) The role of blue-green algae in tropical
rice cultivation. In: Nitrogen Fixation by Free-living Micro-organisms.
(Ed.) Stewart W.D.P., Cambridge University Press, Cambridge, pp
207-218.

84.

Yee N., Benning L.G., Phoenix V.R. and Ferris F.G. (2004)
Characterization of metal-cyanobacteria sorption reactions: a
combined macroscopic and infrared spectroscopic investigation.
Environ Sci Technol 38, 775-782.

85.

Zayed A.M.,Lytle C.M.and Terry N.(1998)Accumulation and
volatilizatiion of different chemical species of selenium by plants 206
,284 – 292.

86.

Zimmerman W.J. (1992) Microalgal biotechnology and applications in
agriculture. In: Soil Microbial Ecology (Ed.), Metting F.B. Jr., Marcel
Dekker, Inc, New York, NY, USA, pp 457-479.

87.

Khan M.S., Zaidi A., Wani P.A. and Oves M. (2009) Role of plant
growth promoting rhizobacteria in the remediation of metal
contaminated soils. Environ Chem Lett 7, 1-19.

88.

Wu C.H., Wood T.K., Mulchandani A. and Chen W. (2006) Engineering
plant-microbe symbiosis for rhizoremediation of heavy metals. Appl
Environ Microbiol 72, 1129-1134.

119

* Seminar workshop attended
1.Attended and presented the paper on “Isolation of cyanobacteria from Solapur
city” in National conference on “Biotechnology for all” organized by School of
life Sciences North Maharashtra University Jalgaon on 28th - 29th Dec2010.
2. Attended and presented paper on “Isolation of Phytoplankton of three
perennial urban lakes of Solapur City” in National Conference on
Environmental Surveillance for natural Recourse Management” organized by
School of Earth and Environmental Sciences North Maharashtra University
Jalgaon .on 9th -10th Jan 2012.
3.Attended and presented paper on “Biomass production of Local strain of
Nitrogen fixing Cyanobaceria (Nostoc ) for Agriculture” In National
conference on Recent trends in Botany” organize by P.C.College Margon Goa
on 7th -8th Feb.2013.

Name and Signature

a) Principal investigator

(Dr. Jagtap Mhalappa Namdevo)

b)Principal

( Dr. Vadagbalkar S.K.)
Signature with Seal

120

.

Akolekathi unique Savana with Asiana grass
N17 47.266 E75 51.178

GANDHI LAKE WITH BIRDS (N17 45.715 E75 50.164)

GANDHI LAKE (N17 45.715 E75 50.164)

121

GANGE WADI LAKE (N17 50.071 E76 00.02)

EKRUKH (HIPPARGA) LAKE WITH BIRDS (N17 43.427 E75 54.339)

KALMAN LAKE WITH CYANOBACTERIAL BLOOM(N17 55.807 E75 46.906)
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KALMAN LAKE WITH CYANOBACTERIAL BLOOM (N17 55.807 E75 46.906)

MARDI LAKE (N17 48.942 E75 52.625)

KALMAN LAKE WITH CYANOBACTERIAL BLOOM (N17 55.807 E75 46.906)
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