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2.1. Introduction 

Cyanobacteria are morphologically diverse group of Gram-negative photo-

synthetic prokaryote. They are unique in their cosmopolitan distribution found in almost 

every conceivable habitat on earth (Ferris et al., 1996; Ward et al., 1997; Nubel et al., 

1999; 2000; Abed and Garcia-Pichel 2001; Garcia-Pichel and Pringault, 2001; Abed et 

al., 2009; Sharma et al., 2011). They are able to survive in extreme environments such as 

rocky shores, hot springs; drought, desiccation, osmotic, salinity and UV stresses; 

photooxidation; heat and cold shock, anaerobiosis, nitrogen starvation etc. (Sinha and 

Hader, 1996; Zehr et al., 2000; Kalib, 2002; Saha et al., 2003). Cyanobacteria occupy a 

central position in global nutrient cycling especially due to their inherent capacity to fix 

atmospheric CO2 and N2 through Rubisco and nitrogenase enzymes respectively (Sinha et 

al., 1995; 1997). Some cyanobacteria form heterocysts and have the ability to fix 

atmospheric nitrogen (Capone et al., 2005). Until past few decades of research, 

cyanobacteria were of academic interests only and were mostly ignored as nuisance but, 

now they are proved as potential candidates for much biotechnological utilization 

(Richmond, 1990; Sundararaman and Sekar, 2001; Thajuddin and Subramanian, 2005; 

Govindjee and Shevela, 2011). As a result of their traditional assignment to the algae, the 

classification of these organisms was developed by phycologists, working under the 

provisions of the Botanical Code (Stafleu et al., 1972).  

Axenic cultures of cyanobacteria are must required for physiological, genetic, and 

taxonomic studies. Axenic cultures of microscopic and macroscopic cyanobacteria are 

usually prepared by single-cell isolation by various method like serial dilution technique, 

streak plate method, UV irradiation, filtration or treatment with various antibiotics 

(Rippka, 1989; Choi et al., 2008) other germicidal chemicals (Kim et al., 1999) and 

density gradient centrifugation, rinsing (Vaara et al., 1979; Bolch and Blackburn, 1996). 

Aspect of dealing with cyanobacteria particularly in obtaining axenic culture is the 

laborious and time-consuming work, especially when considering the low rate of success. 

The problems created by the diversity of growth characteristics and environmental 

tolerances of various cyanobacterial strains affects the success of any one method of 

purification is by no means guaranteed that it will succeeded with other cyanobacteria.  
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For several reasons, estimation and conservation of cyanobacterial biodiversity 

from yet unexplored habitats become very important, which need to be initiated with 

systematic survey followed by collection, establishment of pure culture and their 

characterization (Biswas, 1930; 1934; Bordoloi, 1980; Singh et al., 1997; Singh et al., 

1997a, 1997b; Ahmed et al., 1999; Devi et al., 1999; Rout and Dey, 1999; Singh et al., 

2011). In nature cyanobacteria are easily identified from other organisms because of their 

abundance and characteristic colors like green, blue green and olive green. Though these 

are some indications for identification of cyanobacteria in nature, they must be examined 

microscopically and analyzed for pigment content (Rippka, 1979).  

Tropical conditions such as those in India provide favourable environment for the 

luxuriant growth of these organisms in the natural ecosystems such as different types of 

soil, freshwater bodies, oceans, saline backwaters, estuaries, and also hyper saline 

saltpans (Subbaramaiah, 1972; Srivastava and Odhwani, 1992; Thajuddin and 

Subramanian, 1992; Thajuddin et al., 2002). Studies on cyanobacteria were carried out 

from Western Ghats region of Maharashtra; but mostly restricted in relation to freshwater 

and paddy fields (Balakrishnan and Chaugule, 2002). Limited studies have been carried 

out on an enumeration of cyanobacteria from soil samples collected from Western Ghat 

region of Maharashtra (Madane and Shinde, 1993; Shinde, 1995; Pingle and Deshmukh, 

2005; Auti and Pingle, 2006; 2010).  

Pune is located 1,837 ft above sea level on the western margin of the Deccan 

plateau.  Pune city lies between 18 degree 32' N latitude and 73 degree 51' E longitude. It 

is situated on the side of the Sahyadri mountain range (the Western Ghat). It is a 

relatively hilly city.  Pune experiences three distinct climatic seasons: summer, monsoon 

and winter with tropical wet and dry climate with average temperature ranging between 

20°C to 28°C. It receives the average rainfall 722 mm. (Gazetteers of the Bombay 

Presidency Pune District Vol XVIII, Part I, II & III, 1985). Such climatic factors are 

favourable for luxurious growth of cyanobacteria.   

 In present study, we collected the cyanobacterial strains from Pune and nearby 

regions. The isolated strains were purified, identified and their cultures were established 

in the laboratory.   
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2.2 Materials and Methods 

2.2.1 Area of collection 

Soil samples were collected from total 45 localities belonging to three districts 

namely Ahmednagar, Pune and Satara of the Maharashtra state (Table 2.2, 2.3). Total 227 

cyanobacterial samples from different habitat (dry soil, moist soil, water bodies, rocky 

substratum) were collected at different time period throughout the year 2008 and 2009. 

 

2.2.2 Collection methods 

The soil samples from 5-10 cm deep soil layers were collected using the scalpels. 

The scalpel was inserted into the soil and moved to make the circle and then lifted up 

with the soil. Random collections were made from different spots in a given locality in 

order to get the maximum collection. Soil samples were collected in polythene zip pouch 

of size 6 x 4 inch and labeled. The information regarding location, habitat, date of 

collection, temperature and soil type was recorded at time of collection. The soil samples 

collected from well irrigated, occasionally irrigated and dry areas were preferred in order 

to get maximum diversity. The fresh biomass was also collected from the algae attached 

to the rocky substratum and kept in the air tight plastic bottles. The sample bottles were 

labeled using the permanent marker. These labeled plastic bags and bottles with collected 

biomass were brought to the laboratory and used for isolation and identification. The soil 

samples were shade dried and stored in the wide mouth screw cap glass bottles.  

2.2.3 Preservation of cyanobacterial sample 

  All the collected samples were preserved separately in 4% formalin solution. For 

this purpose, Each 50 ml 4% formalin solution was poured in 100 ml sterile container and 

sample was filled for preservation. The containers were labeled according to sample site 

and date. These preserved samples were used for morphological studies and 

identification.    

 

2.2.4 Enrichment cultures 

   In some of the samples concentration of cyanobacterial cells was low. To 

facilitate isolation of cyanobacteria from such samples the enrichment cultures were used 
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to increase the cell number of desired cyanobacteria in soil sample. For this the soil water 

medium was prepared by using garden soil. The medium was poured in culture bottles 

and sterilized for 30 min at 15 lbs and 121
0
C temperature. The samples were inoculated 

on this medium and incubated under 20 µmol m
-2

 s
-1

 light at 28±2
0
C.          

 

2.2.5 Liquid enrichment technique  

This technique was useful for rapid isolation of cyanobacteria. Those 

cyanobacterial species which was dominant in inoculated sample was survived in 

medium because of repeated liquid subcultures (Castenholz, 2001). In streak plate or 

other method used for isolation of cyanobacteria, all species present in inoculated 

samples grown equally on medium. BG11 medium was prepared and poured in sterile 

test tubes. The cultures which were good and fast growing were homogenized with 

mortar and pestle. Few filaments of these homogenized cultures were washed 3 times 

with sterile BG11 medium. 2 to 3 such filaments were inoculated on sterile BG11 

medium in test tubes. All these attempts were performed in front of laminar air flow. 

These test tubes were incubated at 28±2
0
C temperature under 26.66 µmol m

-2
 s

-1
 light 

(Philips cool- white fluorescent light, 8 hr light 16 hr dark cycle) in culture room.  

 

2.2.6 Isolation and purification of cyanobacterial species  

Isolation of individual species of cyanobacteria from crude sample was most 

important for establishment of pure cultures. As the field samples may contain more than 

one cyanobacterial species, other bacterial and fungal spores. It is necessary to isolate 

single species from these samples. The mechanical separation of cyanobacterial species 

from other organisms is generally regarded as the most satisfactory method of obtaining 

pure cultures of cyanobacteria. The isolation and purification of cyanobacterial strains 

collected from various localities was carried out by following methods.    

 

2.2.6.1 Direct isolation 

Some field sample have observed under microscope. Aliquots of that samples 

which showed uniform colonies or filament were directly inoculated in test tubes on 
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BG11 nutrient medium solidified with 1% agar. Some samples were directly inoculated 

on 30 ml sterile BG11 medium in culture bottles. These bottles were incubated under 

26.66 µmol m
-2

 s
-1 

light (Philips cool- white fluorescent light, 8 hr light 16 hr dark cycle) 

and at 28±2
0
C temperature.  

 

2.2.6.2 Serial dilution technique  

 This method is based on the principle that the mixture of sample becomes 

dispersed and successive dilutions will result in isolating single species. 1 gm of aliquot 

of sample was mixed in 9 ml sterile distilled water. 1 ml of this mixture was then added 

to 9 ml sterile distilled water. This process was repeated to achieve the 1/10 (10 fold) 

dilution of sample (Allen and Stanier, 1967, Castenholz, 1988). Then after 1 ml of this 

mixture was used as inoculum and spread on freshly prepared solidified nutrient media 

on petriplates (agar plates).        

2.2.6.3 Streak plate method  

 Streak plate method was employed for separation of individual species of 

cyanobacteria. This helps to separate the individual cyanobacterium which forms distinct 

colonies on agar. The cultures which were good and fast growing were selected for 

isolation by streak plate method. BG11 medium was prepared and was solidified with 

1.2% Agar (HiMedia). The medium was poured in 90 mm diameter petriplates 

(Anumbra). In each petriplate, 20 ml BG11 medium was poured and allowed to cool and 

solidify. The culture of sample was homogenized by mortar and pestle. This 

homogenized sample was inoculated on solidified BG11 medium by streaking with 

inoculating (nichrome) loop. The petriplates was sealed by parafilm and incubated under 

26.66 µmol m
-2

 s
-1

 light (Philips cool-white light, 8 hr light 16 hr dark cycle) and at 

28±2
0
C temperature in culture room. These entire attempts were aseptically performed in 

front laminar air flow.  

 

2.2.7 Identification  

For identification of the cyanobacterial samples, slides were prepared and 

observed under the trinocular microscope. Morpohometric studies were done by using 
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stage and ocular micrometery. The identification was carried out by following the 

monographs and keys of Prescott (1951) and Desikachary (1959). The identified taxa 

were arranged as per the system of classification followed by Desikachary (1959). After 

identification, the micro-preparations were subjected to the photomicrography. The 

microphotographs of all the identified cyanobacteria were carried out by using the Nikon 

made trinocular research microscope at 40x and 100x magnifications. The identified of 

strains were confirmed at Krishnamurthy Institute of Algology, Chennai. 

The relative abundance of a particular cyanobacterium and % of cyanobacterial 

species were calculated by using the equation of Devi et al. (1999). 

Relative abundance = (Y/X) 100 

Where X = Total number of samples collected and Y= No. of samples from which a 

particular cyanobacterium isolated 

% of cyanobacterial species = (B/A) 100 

Where A = Total no. of cyanobacterial species and B = No. of particular species of 

cyanobacteria. 

 

2.2.8 Establishment of cultures  

2.2.8.1 Nutrient media 

  For initiation of cultures, establishment of laboratory culture and pure culture, 

BG11 medium (Rippka et al., 1979) was used. All chemicals were analytical grade and 

were obtained from Merck companies. Stock solutions were prepared by using double 

distilled water. The stock solutions compositions were 100 times more than actually 

suggested in BG11 medium. All the stock solutions were stored in refrigerator 

 

2.2.8.2 Preparation of stock solutions  

 The stock solutions of macronutrients and micronutrients of BG11meduim was 

prepared as per table 1.1  

2.2.8.3 Preparation of  medium (Rippka et al., 1979)  

The required stock solutions of nutrient composition of BG11 medium were 

added as per described in table I. All macronutrient stocks solutions were added with 
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concentration of 10ml L
-
 and 1 ml L

-
 of micronutrient stock solution were added first in 

small quantity of double distilled water then final volume of desired quantity was raised 

with double distilled water. pH was adjusted to 7.5 with 1N HCl.  

 

2.2.8.4 Sterilization of medium, glassware’s and other equipments  

All required glassware’s like test tubes, conical flasks, culture bottles, forceps etc. 

were sterilized in an autoclave at 15 lbs and 121
0
C for 30 minutes. The nutrient medium 

was sterilized in an autoclave at 1.06 kg cm
-1

 for 20 minutes. UV irradiation was used to 

sterilize nutrient media and other equipments every time before inoculation. 

 

2.2.8.5 Inoculation in test tubes  

Single colony or filament from culture grown by streak plate method was picked 

by inoculum loop and inoculated on 10 ml sterile BG11 medium in test tubes. Such 

colonies or filaments was picked from different zone in petri plates and inoculated in test 

tubes. The filaments of cultures grown by direct isolation method were subcultured on 

freshly prepared nutrient media in test tubes.  All these test tubes were incubated under 

26.66 µmol m
-2

 s
-1

 light (Philips cool- white fluorescent light, 8 hr light 16 hr dark cycle) 

and at 28±2
0
C temperature in culture room.  

 

2.2.8.6 Inoculation in culture bottles 

After growth in test tubes, the cultures were subcultured on 50 ml sterile BG11 

medium in 400 ml culture bottles. BG11 nutrient medium was prepared with pH 7.5. 

Each 50 ml medium was poured in culture bottles and sterilized in an autoclave at 1.06 

kg cm
-1

 for 20 minutes. After inoculation the bottles were incubated under 26.66 µmol  

m
-2

 s
-1

 light (Philips cool- white fluorescent light, 8 hr light 16 hr dark cycle) and at 

28±2
0
C temperature in culture room.  

 

2.2.8.7 Subcultures 

Repeated subculture of all cultures was carried out after interval of 21 days. Every 

time the cultures were subcultured on 50 ml freshly prepared nutrient medium in culture 
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bottles. The culture from 1 culture bottle was subcultured in 2 culture bottles to obtain 

biomass while first two subculturing and in later subcultures the culture was transferred 

in three culture bottles from one culture bottle.       

 

2.3 Results  

2.3.1 Cyanobacterial flora of study area 

 Total 227 cyanobacterial samples were collected from 45 localities of 

Ahmednagar, Pune and Satara district of Maharashtra state. Among 227 samples 

collected, 20 cyanobacterial species were identified belonging to 13 genera, 8 families 

and 3 orders (Table 2.4). Among the 3 orders of cyanobacteria, Nostocales found to be 

dominant with 85% frequency and among the families; family Nostocaceae was found to 

be dominant with 40% frequency. The Stigonematales (10%) and Chroococcales (5%) 

was found rarely in the soil samples collected from all the three districts. Family 

Oscillatoriaceae (30%) was dominant after Nostocaceae family. Families 

Chroococcaceae, Scytonemataceae, Microchaetaceae, Rivulriaceae, 

Mastigocladopsidaceae and Stigonemataceae were found to be very less with single 

genus and species. 

Among the 13 genera, Nostoc was found dominant with about 38.46 % frequency 

followed by Anabaena (23.08 %). The maximum relative abundance was observed in 

case of Nostoc calcicola Brebsson ex Born. et Flah which was found in about 131 

samples with 57.71 % relative abundance (Table 2.3). Nostoc punctiforme Born. Et Flah. 

was found in 119 samples with 52.42 % relative abundance followed by Nostoc 

entophytum Born. Et Flah. found in 102 soil samples with 44.93 % relative abundance. 

The Anabaena sp. was found in 86 samples with 37.89 % relative abundance. Least 

relative abundance (4.41 %) was observed in case of Hapalosiphon welwitschii sp. W. et 

G. S. West. It was found in only 10 soil samples out of collected samples. It was followed 

by Microcoleus lacustris (Rabenh.) Farlow found in 15 soil samples with 6.61 % relative 

abundance (Table 2.3). 
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2.3.2.1 Growth of culture by direct isolation 

 The samples did not showed growth initially. The growth started slowly after 6 

days of inoculation. The samples of Nostoc and Anabaena showed well growth after 

direct isolation on solid medium.  

 

2.3.2.2 Growth of culture by streak plate method  

 The inoculum started growing on agar plate after 4 days of inoculation. Most of 

the samples showed good growth on agar plate inoculated after serial dilution. After 4 

weeks the cultures were spread fully on agar plates of most of cultures. The filaments of 

Oscillatoria showed good growth and occupied most of the surface on petri plates after 3 

weeks. While Phormidium and Lyngbya showed little slow growth. Growth of these 

species was observed after 24 days of inoculation.        

 

2.3.3 Identification of cyanobacterial samples 

 Total 20 cyanobacterial species viz. Microcystis aeruginosa  Kütz, Spirullina 

platensis (Nordst.) Geitler, Oscillatoria sp. Vaucher, Phormidium fragile (Meneghini) 

Gomont, Lyngbya majuscula Harvey. ex. Gomont, Lyngbya sp., Microcoleus lacustris 

(Rabenh.) Farlow, Nostoc punctiforme Born. Et Flah., Nostoc calcicola Brebsson ex 

Born. et Flah., Nostoc entophytum Born. Et Flah., Nostoc ellipsosporum (Desm.) Rabenh. 

Ex Born. et Flah., Nostoc muscorum Ag. ex. Born. at Flah., Anabaena ambigua, 

Anabaena subcylindrica, Anabaena sp., Scytonema mirabile (Dillw.) Born., Microchaete 

uberrima Carter, N., Calothrix javanica de Wilde, Hapalosiphon welwitschii W. et G. S. 

West and  Westiellopsis prolifica Janet were identified (Table 2.4). 

 

2.3.4 Culture establishment of cyanobacterial strains 

The cultures of cyanobacterial strains purified by various methods were 

established on BG11 nutrient medium. The cultures of Anabaena ambigua, Anabaena 

subcylindrica, Anabaena sp., Calothrix javanica de Wilde, Lyngbya majuscula Harvey. 

ex. Gomont, Microcoleus lacustris (Rabenh.) Farlow, Nostoc calcicola Brebsson ex 

Born. et Flah., Nostoc entophytum Born. Et Flah., Nostoc ellipsosporum (Desm.) Rabenh. 



24 

 

Ex Born. et Flah., Nostoc muscorum Ag. ex. Born. at Flah., Nostoc punctiforme Born. Et 

Flah., Oscillatoria sp. Vaucher, Phormidium fragile (Meneghini) Gomont, and 

Westiellopsis prolifica Janet were established aseptically and maintained for further 

investigation. The biomass of these cyanobacterial strains were produced used for further 

biochemical and physiological studies.    

 

2.4 Discussion 

2.4.1 Cyanobacterial flora of study area 

The present study reveals the presence of cyanobacteria belonging to 3 orders, 8 

families, 13 genera and 20 species. The study area is rich in cyanobacterial flora. The 

results of the present investigation are in agreement with the earlier studies on 

cyanobacterial flora of Ahmednagar, Pune, Kolhapur and Sangli region of the state of 

Maharashtra (Patil and Satav 1986; Madane and Shinde 1993; Shinde 1995; Auti and 

Pingle 2006; 2010). In the present systematic study data revealed that, order 

Chroococcales is represented by single family Chroococcaceae with single species. 

Similar results were recorded by Auti and Pingle (2010) from Pravara area of district 

Ahmednagar from the soil samples collected from alkaline soils in sugarcane and wheat 

fields. 

The most dominant order Nostocales represents 17 species belonging to 10 genera 

and 5 families viz. Oscillatoriaceae, Nostocaceae, Scytonemataceae, Microchaetaceae 

and Rivulariaceae. Six species belonging to 5 genera were observed from family 

Oscillatoriaceae; of which Lyngbya comprises 2 species and Spirulina, Oscillatoria, 

Phormidium and Microcoleus lacustris with single species. Eight species belonging to 2 

genera were found from the members of family Nostocaceae. Among the 4 genera and 21 

species, 5 species of Nostoc were found from the study area. Similarly, Venkataraman 

(1975) reported the Nostoc sp. as dominant in Assam, Haryana, Kerala, Tamil Nadu and 

West Bengal. Sahu et al., (1996) also reported the dominance of Nostoc species in the 

rice fields of Orissa. Auti and Pingle (2006) also found Nostoc as a most common genus 

from Northern circle of Ahmednagar district. In contrast to this Madane and Shinde 
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(1993) reported the rare abundance of Nostoc sp. from the salt affected soils from 

Kolhapur district. 

Scytonemataceae family is represented by a single species and genera. Madane 

and Shinde (1993) reported that the Scytonema mirabile species were dominant in saline 

soils. Family Microchaetaceae and Rivulariaceae represented by single species and 

genera. In contrast to this Auti and Pingle (2006) did not found Calothrix from the 

Northern circle of Ahmednagar. Order Stigonematales represented by 2 families 

(Mastigocladopsidaceae and Stigonemataceae with single genus and species. 

 

2.4.2 Purification of cyanobacterial strains by various methods   

Most cyanobacteria flourish best in neutral to alkaline pH (7.0- 10.0). Due to this 

reason, all nutrient media developed for cyanobacterial growth are alkaline. However, the 

media of different pH values are recommended for isolation, particularly those with a pH 

typical of natural habitat. The temperature for isolation and growth of cyanobacteria 

varies from strain to strain. Fresh water strains can be isolated and grown at a temperature 

ranging from 20
0
C to 30

0
C (Allen and Stanier, 1967). The spectral range of light 

absorbed by cyanobacteria favors the use of fluorescent light sources i.e. cool-white, 

warm-white, daylight. The light intensity for isolation and growth should be kept low 

which may be 10- 20 µmol m
-2

 s
-1

 light (Ferris and Hirsch, 1991). Some strains of 

cyanobacteria are able to grow under continuous illumination. However, some strains are 

unable to grow under such condition. Therefore with this consideration, the pH of BG11 

medium was adjusted to 7.5. The cultures of all strains were incubated under 26.66 µmol 

m
-2

 s
-1

 light intensity at 28±2
0
C.                 

The first claims of pure cultures of cyanobacterial strain were made by Bouilhac 

(1898) and Beijerinck (1902). Since none of these authors reported tests for their cultures 

for contaminants in media favorable for the growth of bacteria, and since later experience 

has shown that cultures which are apparently pure when grown on mineral media may 

give rise to an abundant bacterial flora on organic media. The first pure cultures of 

cyanobacteria were obtained by Pringsheim (1913). His method was however tedious and 

successful in only a small number of cases, so that was able to isolate only three bacteria 
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free cultures. Harder (1917) isolated a pure culture of endophytic Nostoc punctiforme as 

well as an Oscillatoria, Anabaena and Cylindrospermum. Drewes (1928) isolated three 

pure cultures, two Anabaena and one Nostoc, by use of the Harder technique. Both he 

and Harder found it advantageous to utilize the phototactic and phototrophic behavior of 

filamentous cyanobacteria as an aid in freeing them from bacteria. In more recent years 

various workers have attempted to solve the tediousness of isolations by the Pringsheim 

and Harder methods by treatment of unialgal cultures with various agents which are 

harmful to bacteria but not to cyanobacteria. Allison et al., (1937) used irradiation with 

Ultra-violet light to obtain bacteria free Nostoc muscorum, this method has been 

extensively applied in past years. Fogg (1942) obtained a pure culture of Anabaena 

cylindrica by washing with chlorine water.  

The cyanobacterial strains have been found exceptionally difficult to obtain in 

axenic culture because of their characteristic mucilaginous sheaths which harbor 

contaminating bacteria (Fritsch, 1945; Pringsheim, 1946). In the antibiotic treatment 

despite the existence of morphologically diverse cyanobacteria in a wide variety of 

terrestrial and aquatic habitats, work with these bacteria has been restricted to a relatively 

few representatives (Ferris and Hirsch, 1991). This seems to be partly the result of 

difficulties encountered in both the isolation and the subsequent purification of the 

strains. It has been suggested that the techniques normally used to isolate cyanobacteria 

may severely limit the number of cyanobacterial species which can be cultured easily 

(Castenholz, 1988). Agar, which is routinely used as a solidifying agent in bacteriological 

media, is known to contain impurities (Allen and Gorham, 1981; Allison and Morris, 

1930; Bretscher and Kaiser, 1978), and some of these are suspected to be responsible for 

the repeated observation that the agar is inhibitory to the growth of some cyanobacteria 

(Allen and Gorham, 1981). Different approaches have been used in an attempt to lower or 

eliminate the growth-inhibitory effects of agar. These have included the use of low agar 

concentrations agar-washing procedures (Allen et al., 1981; Krieg and Gerhardt, 1981), 

the separate sterilization of agar and nutrient solutions (Allen, 1968) and the substitution 

of agarose or other alternative solidifying agents (Shirai et al., 1989; Thiel et al., 1989). 

Various approaches have been taken to try to develop more-efficient methods to purify 
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contaminated cyanobacteria. These have included mechanical separations of the 

cyanobacteria and bacterial contaminants by micromanipulation (Boyer and Skerman, 

1968), differential filtration (Heaney and Jaworski, 1977; Meffert and Chang, 1978) and 

repeated transfer of cells (Allen, 1952; Stanier et al., 1971; Vaara et al., 1979). Other 

approaches have involved the use of an agent which is to be relatively harmless to the 

cyanobacteria but is toxic to the bacterial contaminants. Agents used have included 

phenol (Carmichael and Gorham, 1980; McDaniel et al., 1962), sodium hypochlorite 

(Fog, 1942), detergents, sodium sulfide (Parker, 1982), UV or gamma irradiation (Allison 

et al., 1930; Gerloff et al., 1950; Krauss, 1966), elevated temperature (Allen and Stanier, 

1967; Wieringa, 1968), and antibiotics (Pinter and Provasoli, 1958; Rippakka, 1989; 

Vaara et al., 1979). 

 

2.4.3 Morphology and Classification of cyanobacterial strains 

Microcystis aeruginosa Kütz  (Desikachary 1959: 93)  

Unicellular, colonial, found in fresh water environments, colonies spherical with 

distinct sheath, cells spherical 6 µ in diam. with gas vacuole.  

 

Spirullina platensis (Nordst.) Geitler (Desikachary 1959: 190) 

 Multicellular, filamentous, filaments composed of cylindrical cells arranged in 

unbranched, helicoidal trichomes. Trichome 6-8 µ broad not attenuated at the ends, 

spirally coiled, spirals 20-30 µ broad, 3-8 µ long, end cells broadly rounded. 

 

Oscillatoria sp. Vaucher (Desikachary 1959: 198)  

 Trichomes unbranched with separating discs, sheath absent, motile, end cells 

thickened.    

 

Phormidium fragile (Meneghini) Gomont (Desikachary 1959: 253) 

 Thallus yellowish blue-green, mucilaginous, lamellated,  sheath diffluent, trichomes 

more or less flexuous, entangled, constricted at the cross walls,  1-3 µ broad,  cells nearly 

quadrate, attenuated at the ends, end cell conical without calyptra.  



28 

 

Lyngbya majuscula Harvey. ex. Gomont (Desikachary 1959: 313)  

 Trichome blue-green, filaments very long upto 3 cm, sheath colorless, lamellated 

upto 11 µ thick, trichome not attenuated at the ends, 16-20 µ broad, cells very short, 2-4 

µ long, cross-walls not granulated, end cells rotund, calyptra absent.   

Lyngbya sp. Ag. (Desikachary 1959: 278) 

 Filaments long with rigid mucilage sheath. Sheaths form tangles, colorless  

 

Microcoleus lacustris (Rabenh.) Farlow (Desikachary 1959: 345) 

 Thallus blackish blue-green, trichome in filaments contorted, many trichomes in 

each,  unbranched, sheath colorless, slimy, trichomes distinctly constricted at the cross-

walls, 4-6 µ broad, 6-12 µ long, end cell more or less rounded, conical not capitate.  

 

Nostoc punctiforme Born. Et Flah. (Desikachary 1959: 374)   

 Thallus sub-globose, blue green, 2 mm diam., scattered, attached, filament densly 

entangled, sheath delicate, hyaline, mucilagenous, trichome 1-3 µ broad, cells barrel- 

shaped, heterocysts 2-5 µ broad. 

 

Nostoc entophytum Born. et Flah. (Desikachary 1959: 375) 

 Thallus blue-green, small, inconspicuous, filaments densely entangled with distinct 

sheath, hyaline, trichome 2-3 µ broad, cells short, barrel shaped, heterocysts broader than 

vegetative cells.  

 

Nostoc ellipsosporum (Desm.) Rabenh. Ex Born. et Flah.  (Desikachary 1959: 383) 

 Thallus irregularly expanded, gelationous, filaments flexuous, lossely entangled,  

cells 3-4 µ wide, 5-8 µ long, heterocysts subspherical, 4-7 µ wide, 4-10 µ long, akinetes 

ellipsoidal, wall smooth, colorless.  

 

Nostoc calcicola Brebsson ex Born. et  Flah. (Desikachary 1959: 384) 

 Thallus olive grey, upto 2-3 cm in diam., mucilaginous, slightly diffluent, filament 

loosely entangled, sheath indistinct only at the periphery of the thallus, colorless, 
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trichome blue-green, 2 µ broad, cells subspherical, longer than broad, heterocysts 

subspherical, 2-4 µ broad.  

 

Nostoc muscorum Ag. ex. Born. et Flah. (Desikachary 1959: 385) 

 Colony expanded, 3 cm diam., olive green, filaments thickly entangled, sheath 

distinct only at the periphery of the colony, yellow brown, trichome 4 µ broad, cells short 

barrel shaped, heterocysts subspherical, 6 µ wide, Akinete oblong, 3-6 µ broad, 7-10 µ 

long, wall smooth, yellow.  

 

Anabaena ambigua Rao C.B. (Desikachary 1959: 400) 

 Trichome solitary, straight, 3.5 µ broad, cells quadrate, 6 µ long, end cell conical, 

heterocyst intercalary, single, cylindrical, 5 µ broad and 7.3 µ long, spores one on each 

side of heterocyst.  

 

Anabaena subcylindrica    

 Thallus dark green , mucilaginous, trichome single, straight, without sheath, cells 

barell shaped, 3-5 µ broad, 4-7 µ long, end cells conical. Heterocysts spherical, 5-8 µ 

broad, 8-10 µ long, akinetes longer, wall smooth, colorless.      

 

Anabaena sp. Bory (Desikachary 1959: 391)  

 Thallus blue green, trichomes curved, uniseriate, constricted at the cell walls. Cells 

spherical, blue-green to yellow-green colored, heterocysts intercalary, broader than 

vegetative cells, solitary, akinetes intercalary, solitary, ellipsoidal. 

 

Scytonema mirabile (Dillw.) Born. (Desikachary 1959: 483)    

 Colony bushy, blackish brown, filaments entangled, 2-12 mm long, mostly false 

branched. Cells 8-12 µ wide, cylindrical, at the end of trichome disc-shaped. Sheath blue  

green, heterocyst rounded.  
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Microchaete uberrima Carter, N. (Desikachary 1959: 511)  

  Filaments blue green, solitary, heteropolar, with basal heterocysts and free apical 

ends, sheath distinct, firm, and colorless. Trichomes cylindrical, cells shorter than wide, 

cylindrical, apical cells always rounded. Heterocysts basal, hemispherical. 

 

Calothrix javanica de Wilde (Desikachary 1959: 525)  

   Filaments heteropolar, simple, lateral false branches, 30-40 µ broad, trichomes 

with widened basal, constricted at the cross walls, sheaths present, thick, yellow-

brownish colored, heterocysts basal, cells cylindrical.  

 

Hapalosiphon welwitschii W. et G. S. West (Desikachary 1959: 588)  

 Thallus dark green, filaments densely entangled with true branches, prostrate and 

erect, sheath thin, colorless, firm and hyaline; cells quadrate, longer than broad, 4-7 µ 

diam. of prostrate, erect branches short, narrower, attenuated at the end, end cells are 

more elongate and pointed, heterocysts rare, intercalary, elongated, somewhat narrower 

in diam. than the vegetative cells, 2-5 µ diam., 6-8 µ long. 

 

Westiellopsis prolifica Janet (Desikachary 1959: 596)  

 Thallus filamentous, true-branched, filament of two types, primary thicker, 

creeping, torulous,  two seriate, intensely constricted at cross walls, secondary branches 

thinner, composed of rounded cells, two seriate pseudohormocyst. Heterocysts 

cylindrical, intercalary, solitary. 


