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Abstract 

Present studies were carried out to determine physico-chemical characteristics 
of Loktak Lake and its adjoining area of Manipur and analyzed natural samples 
of cyanobacterial strains available at Loktak Lake and its adjoining areas of 
Ningthoukhong, Thinungei, Phubala, Keibul Lamjao and Thanga during different 
seasons of year 2014-2015. Ecological parameters like pH, nitrogen, phosphate, 
air temperature, water temperature, dissolved oxygen, biochemical oxygen 
demand and electrical conductivity were analyzed. Study of the physico 
chemical parameters is important for the effects of cyanobacterial productivity. 
This lake receives varying nutrient inputs from different sources. Study of 
abundance, distribution and composition of cyanobacteria are therefore a 
fundamental contribution to our understanding of the structure and function of 
lake ecosystem. Altogether 60 species of cyanobacteria were recorded of eleven 
(11) genera from Loktak lake and its adjacent sides. Karang site found the most 
abundant cyanobacteria. The most abundant genera Nostoc sp. and Anabaena sp. 
which were very commonly found in almost all sampling sites. Significant 
differences in community structure were found among soil types, indicating that 
soil characteristics may select for specific cyanobacteria. 
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INTRODUCTION 

Lake environment as a complex ecosystem with influenced by physical, chemical and 
biological processes. An important study of ecology is to understand the factors that 
play a role in the distribution pattern of organisms. Algae occur in nearly all terrestrial 
and aquatic   environments on earth and are invariably encountered both on and 
beneath soil surfaces. The top soil formations are initiated by the growth of 
cyanobacteria during episodic events of available moisture with the subsequent 
entrapment of mineral particles by the network of cyanobacterial filaments or by the 
matrix of extracellular slime [1] [2] [3]. Some genera with terrestrial species such as 
Vaucheria, Nostoc, Chlorella and Prasiola also have found principally in streams or lakes 
[4] [5]. Loktak lake is the largest freshwater lake in Northeast India and a Ramsar site of 
International significance. Wetlands are among the most productive ecosystems in the 
world [6]. Loktak lake has a substantial contribution in the fish and other aquatic 
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resources of the state. A very important feature of the lake are the numerous floating 
islands composed of partly decayed organic matter and soil overgrowth with aquatic 
and terrestrial vegetation called the phumdis. The lake supports a vast assemblance of 
aquatic flora and fauna. Environmental parameters influence the distribution, 
abundance and activity of plants and microorganism. Ambient temperature and its 
diurnal and seasonal variation directly affect the metabolic and physiological activities 
of aquatic organisms. Environmental parameters influence the growth of 
microorganism. Oxygen is considered poorly soluble in water and its solubility is 
related to pressure and temperature. The main sources of dissolved oxygen (DO) in the 
lake water are photosynthetic release, ambient atmosphere, denitrification process of 
bacteria, wind action and addition of cold water runoff [7]. [8] has also pointed out that 
oxygen is released from the green roots of some submerged aquatic macrophytes which 
influence the oxygen concentration in the water. Measurement of pH gives the intensity 
of acidic or basic character of water. Changes in the pH of surface water are usually 
indicative of fluctuating algal populations and are caused by photosynthetic and 
respiratory activities and if the water body is neither alkaline or highly acidic, the pH of 
the water is generally governed by the carbon-dioxide bicarbonate-carbonate system 
[9]. Most wetland algae are benthic loosely associated with emergent plats attached to 
plants or colonized in sediments most suspended forms have been dislodged from 
various surfaces. Eventual undisturbed development may lead to the establishment of 
important bacterial, fungal, algal, lichen and moss populations. Soil algae is primarily 
based on laboratory evidence, it is well established that solar radiation, water and 
temperature are the most important abiotic factors governing their distribution, 
metabolism and life history strategies. Biotic interactions are often as important, 
whereas ionic factors (including pH), oxidation-reduction potential and soil texture are 
less important, if only because their influences are less well understood. Algae play an 
important role in primary and secondary plant community succession by acting as an 
integral part of the colonial synusium. The principal functional attributes of algal 
communities in soil include primary production, dinitrogen fixation and stabilization of 
aggregates. As an avenue for the incorporation of carbon and nitrogen and for 
minimizing erosion through stabilization of aggregates, algae are valuable in 
agriculture. Although manipulation of edaphic algal populations in temperate countries 
is of novel occurrence, their successful use in India as a means for reclaiming saline soils 
and as a source of fertilizer nitrogen is well documented. Algae have been utilized as 
biological assay organisms for anticipating crop response to both fertilizers and 
pesticides because of their biochemical similarity to higher plants and their quick 
generation time. Therefore, the present study aims to provide an assessment of the 
environmental physico-chemical parameters that may directly or indirectly influence 
the cyanobacterial habitat zones in and around the Loktak Lake.  
 
MATERIALS AND METHODS: 
Study sites, sampling and physico chemical characteristics: The lake soil samples 
were collected from 05 different stations in and around the lake including the heart of it 
that are Ningthoukhong, Thinungei, Phubala, Keibul Lamjao and Thanga the island of 
this lake (N 24°32ʹ, E 93°49ʹ; 2516 ft). Some of the picture of cyanobacteria which were 
attached on soil  from five sites shown in photoplate1. The map of Loktak Lake along 
with various feeder streams is shown in (Fig. 1).The sampling was carried out from 
9.00AM to 12.00 AM to avoid unpredictable change. Physico-chemical parameters like 
air temperature (AT) and water temperature (WT) were measured using mercury 
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thermometer and pH was measured using digital pH pen meter recorded on the spots 
immediately after collection of the sample. Water samples for the analysis of the 
remaining chemical parameters were collected and preserved by adding 2ml of 
chloroform per litre and brought to the laboratory in polyethylene bottles. Samples 
were kept cool (4°C) after sampling and during transport by storing in ice. The samples 
were analyzed in the laboratory within 24-72 hours. Vegetations of the habitats were 
identified with the help of local people, expert consultation and existing literatures. The 
analysis of dissolved oxygen (DO), Biochemical Oxygen Demand (BOD), Electrical 
Conductivity (EC), nitrate and phosphate were analyzed with the help standard 
methods [10]. 
Isolation and purification of cyanobacteria: Samples were collected from five sites of 
Loktak lake and were initially examined under a light microscope for the presence of 
cyanobacteria and a small portion of each sample was inoculated  in 50 ml sterilized 
liquid nutrient BG-11 [11] for culture enrichment. From these cultures, clonal and 
axenic cultures of cyanobacterial strains were established by repeated sub-culturing on 
petriplates containing solidified BG-11 medium. The isolated and purified 
cyanobacterial strains are being maintained in liquid culture medium in a culture room 
under 50 μmol photon flux cm-1 s-1 light intensity with 14/10h light/dark cycle. 
Identification of cyanobacteria: All cyanobacterial isolates were observed under light 
microscope and identified the taxonomic descriptions in monographs of [12] [13]. 
Morphological taxonomic features included trichomes/ filaments shape; cell 
dimensions; presence of akinetes/ heterocysts. Images were captured using Carl Zeiss 
Microscope. 

 
Fig. 1: A: Map of India, B: Manipur, C: Satellite view of Loktak Lake area with study site 

encircle, D: Physical feature of Loktak  Lake 
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Photoplate 1: Morphological groups for biological soil components with common taxa 

or groups from Loktak Lake and its periphery, Manipur, India 
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RESULTS AND DISCUSSION:  
The analysis was based on 5 sampling sites of the lake i.e. Ningthoukhong, Thinungei, 
Phubala, Keibul Lamjao and Thanga.     
Lakes characteristic: The Lake of the present study are located at altitudes ranging 
from (N 24°32ʹ, E 93°49ʹ; 2516 ft. The lake has been suggested as a Ramsar site due to 
its biological cultural and geological values. Ningthoukhong (24º56′97″N 93º76′88″E), 
Thinungei (24º55′03″N 93º76′00″E), Phubala (24º53′41″N 93º75′62″E), Keibul Lamjao 
(24º54′67″N 93º84′52″E) and Thanga (24º53′22″N 93º83′25″E). The low values of the 
nutrient during winter season may probably due to its rapid utilization by the growing 
macrophytes which confirm the findings of [14] [15]. The high values of orthophosphate 
during summer months may be due to its release from the soil and decomposition of 
macrophytes by the micro-organisms. Research of this nature is necessary for Loktak 
Lake, Manipur India for more exploration of cyanobacterial strains with relation to 
physico chemical properties.  
Physico-chemical characteristics of lake water: The physico-chemical characteristics 
of the studied lake are presented as graph. Temperature is a physical factors that alters 
the water characteristics and considered as an important factor in controlling the 
fluctuation of plantation and functioning of aquatic ecosystem [16] [17] [18]. In the 
present investigation atmospheric and water temperature have been observed. It has 
been observed that the lower air temperature (30ºC) was detected at site 3 i.e. Phubala 
and high temperature (34ºC) was found in site 1 (Ningthoukhong) (fig. 2). The high 
water temperature was observed at Ningthoukhong (27ºC) and low at Phubala i.e. 
(20ºC) (fig. 3).  The different in water temperature may depend on the climate and 
environment nearby the lake as well as sampling time, wind, water mixing and amount 
of sun light. Water temperature affects the numbers of cyanobacterial growth since each 
species requires in a specific range of water temperature. [19] states that the 
limnological value of pH is a limiting factor and works as an index of general 
environmental condition. pH is also important factor in determining the productivity of 
an ecosystem [20]. The pH value of lake water showed acidity trend with few variations. 
The average of pH during study period is 6.6 to 7.5 (fig. 4). Electrical conductivity (EC) 
of the water depends on nature and concentration of salts. In present study high values 
of conductivity could be due to high ionic concentration, pollution status, trophic levels, 
some domestic effluents and other organic matter in water [21]  [22]. In the present 
study electrical conductivity was recorded high at Keibul Lamjao (110 mS/cm) and low 
at Thinungei (90 mS/cm) as shown in fig. 5. Similar result was observed by [23]. For 
dissolved oxygen (DO) contents of water are ranged from 6.3 mg/l to 6.7 mg/l with the 
lowest value 6.3 mg/l at site 4 (Keibul Lamjao) shown in fig. 6. As oxygen content is 
important needs of many organisms. BOD is dissolved oxygen required by micro 
organism for aerobic decomposition of organic matter present in water. [24] have 
considered BOD as an important parameter in aquatic ecosystem to establish the status 
of pollution. The observation of present study showed that high value of BOD was 
observed at Thanga site of (2.52 mg/L) and lower value of BOD was recorded at 
Phubala site (1.56 mg/L) shown in fig. 7. High BOD may be due to the presence of 
several microbes in water bodies which accelerate their metabolic activities with the 
increase in concentration of organic matter in the form of municipal and domestic waste 
pouring into the pond with run off [25]. [26] also stated that the higher values of BOD 
was also due to input of organic wastes and enhanced bacterial activity. Phosphate is 
the key nutrient also causing eutrophication leading to extensive algal growth. The 
results of present study showed that maximum phosphate concentration was observed 
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at Thanga area (0.08 mg/L) and minimum at Ningthoukhong area (0.04 mg/L) was 
shown in fig. 8.The increase in the concentration of phosphate is the result of incoming 
water from the catchment area of human settlement and the entry of domestic sewage. 
The occurrence of fewer nutrients may be due to their utilization in macrophytic 
growth. Increase in nutrients is related with the decrease in water level effecting 
concentration and the release of nutrient during decomposition, which increases with 
rise of temperature [27]. Nitrates are contributed through discharge of sewage, 
industrial wastes and runoff from agricultural fields. The concentration and rate of 
supply of nitrate in the land use practices of the surrounding watershed. Results of the 
present study envisaged that the value of nitrate varied from 0.28 mg/L to 3.83 mg/L. 
Lower concentration was recorded from Phubala (0.28 mg/L) and higher concentration 
from Thanga (3.83 mg/L) as shown in fig. 9. Higher concentration may be due to influx 
nitrogen rich flood water and bring about large amount of sewage and may be the 
period of rainy season with high nitrate concentration [28][29]. The algae isolated and 
identified from this lake were grown using favorable conditions and the data obtained 
by the physicochemical analysis of the source lake was used to modify the nutrient and 
mineral composition of the culture medium for further growth studies. Algal 
biodiversity in lake water were related with physico-chemical factors of lake as 
concluded by the short studies. Diversity of cyanobacteria exhibit a major biotic 
component of an aquatic ecosystem an emphasis has been given to identify various 
cyanobacterial species with the correlation with physico chemical properties.  
 
Table 1: Cyanobacteria dominantly observed in soil from different sites of Loktak Lake,  
                    Manipur, India and associated species appearing in culture  
 

Cyanobacteria NK TH PL KL TG 

Phormidium  - + + - + 

Lyngbya - + + + + 

Limnothrix + - + - + 

Nostoc + + + + + 

Anabaena + + + + + 

Plectonema - - - + + 

Cylindrospermum - - + + + 

Calothrix - - - + + 

Microchaete - + + - + 

Westiellopsis - - - - + 

Hapalosiphon - - - + - 

     NK-Ningthoukhong; TH-Thinungei; PL-Phubala; KL-Keibul Lamjao; TG-Thanga 
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