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ABSTRACT 
 

Nitrogen fixation represents one mechanism by which biologically available 
nitrogen enters ecosystems. Nitrogen is required by all life forms in large amounts 
as an essential component of proteins, nucleic acids and other cellular constituents. 
Biological nitrogen fixation is a significant process of entry of nitrogen into an 
ecosystem and many nonsymbiotic microbial species play a major role in this. In an 
aquatic ecosystem the major regions where this activity occurs are in the benthic and 
the littoral zones.   

Lonar Lake is a saline alkaline closed basin lake in a meteorite impact crater 
formed some 50,000 years ago, near the village of Lonar in Buldhana district of 
Maharashtra, India (Lat. 190 58’, long. 760 34’). It is the only such lake formed in 
basaltic rock. The chemical analysis of the lake water shows typical characteristics 
of pH 9.5-10.0, CaCO3 alkalinity -3.6g/L, chlorides -3.0g/L and conductivity - 9.3-
milli mho cm-1 (Thakker and Ranade, 2002). It is also rich in carbonate and 
bicarbonate salts. 

Littoral zone soil samples of Lonar Lake were subjected to isolation of aerobic, 
nonsymbiotic nitrogen fixing actinomycetes. General characters and nitrogen fixing 
potential of some isolates are described in this paper. 

Key Words : Benthic, Littoral, Meteorite, Nonsymbiotic, Nitrogen fixing 
actinomycetes 

 
INTRODUCTION 

Nitrogen fixation represents one 
mechanism by which biologically available 
nitrogen enters ecosystems. Nitrogen is 
required by all life forms in large amounts as 
an essential component of proteins, nucleic 
acids and other cellular constituents.1,2 The 
growth of all organisms depends on the 
availability of mineral nutrients and none is 

more important than nitrogen. Nearly 78% of 

the earth’s atmosphere constitutes nitrogen 
gas but most organisms cannot use it in this 
form, as there is a triple bond between the 
two nitrogen atoms, making it almost inert. 
Plants secure their nitrogen in a fixed form 
i.e. incorporated in compounds such as 
nitrate ions (NO3

–), ammonia (NH3) and urea 
(NH2)2CO. Animals secure their nitrogen and 
all other compounds from plants or animals 
that they have fed on. Microorganisms have 
a central role in almost all aspects of nitrogen 
availability and thus for life support on earth. 
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Biological nitrogen fixation is a 
significant process of entry of nitrogen into 
an ecosystem and many nonsymbiotic 
microbial species play a major role in this. In 
an aquatic ecosystem the major regions 
where this activity occurs are in the benthic 
and the littoral zones3,4. 

Fixation of atmospheric dinitrogen by 
microbial organisms is one internal process 
that may significantly increase the 
availability of necessary resource to biota. 
Nitrogen fixation has been recognized as a 
significant source of “new” nitrogen that can 
support high rates of production in numerous 
estuarine and marine systems worldwide5.  

Aerobic, nonsymbiotic nitrogen fixing 
bacteria have been reported in every 
conceivable ecosystem around the world 
including other similar aquatic environments 
elsewhere6. But there are no reports of any 
nitrogen fixing bacteria leave alone 
actinomycetes from Lonar Lake and hence 
this provides an opportunity to study this 
aspect. 

Among actinomycetes, the best known 
nitrogen fixing genus till date is Frankia that 

forms root nodules with plants belonging to 
eight different plant families7. Some non-
Frankia actinomycetes have also been 
reported to fix nitrogen. These form aerial 
hyphae in agar medium and are highly 
branched and filamentous when grown in 
liquid media8. A striking characteristic of 
frankiae, both in symbiosis and in culture, is 
the formation of differentiated cellular 
structures, the vesicles. For frankiae grown 
in pure culture, these structures are typically 
spherical to ovoid and develop terminally on 
short hyphal branches. Mature vesicles have 
internal septation9. 

Lonar Lake is a saline alkaline closed 
basin lake in a meteorite impact crater 
formed some 50,000 years ago, near the 
village of Lonar in Buldhana district of 
Maharashtra, India (Lat. 190 58’, long. 760 

34’). It is the only such lake formed in 
basaltic rock. The chemical analysis of the 
lake water shows typical characteristics of 
pH 9.5-10.0, CaCO3 alkalinity -3.6g/L, 
chlorides -3.0g/L and conductivity - 9.3-milli 
mho cm-1. It is also rich in carbonate and 
bicarbonate salts11,12. 

 

 
Fig. 1 : A view of Lonar lake (from the eastern rim) 
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MATERIAL AND METHODS  
Six soil samples were collected from the 

littoral zone of Lonar Lake and were 
transported to the laboratory in sterile sealed 
polythene bags and subjected to partial 
chemical analysis. 

Enrichment of nitrogen fixing 
actinomycetes was carried out by inoculating 
1g of the soil in Ashby’s nitrogen free 
Mannitol medium (amended with 2.0% NaCl 
and adjusted to a pH of 10.0) incubated at 
280C for a week.  

Isolation of nonsymbiotic nitrogen fixers 
from successful enrichments was made by 
streaking the diluted enriched samples on 
solidified medium of the same composition. 
Colonial and morphological characters of the 
isolates on the medium were noted. The 
isolates were alphanumeric codes on the 

basis of their geographical origin around the 
lake and the order of isolation. 

Six isolates were further subjected to the 
study of their nitrogen fixing potential. The 
isolates were inoculated in 60ml sterile 
amended Ashby’s Mannitol Broth medium 
and incubated as earlier. An uninoculated 
control tube was also taken. After the 
specified incubation period, fixed N2 was 
estimated in both inoculated and 
uninoculated medium by the Kjeldahl’s total 
nitrogen estimation method13.  

RESULTS AND DISCUSSION 
Several nitrogen fixing bacteria were 

isolated from the littoral soil of Lonar Lake. 
Studies on six of these isolates are presented 
in this paper. 

 

Fig. 2 : Satellite (top) view (Google earth) of Lonar lake. 
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Table 1 : Colony characteristics of six isolates 

Sample Size Shape Colour Margin Elevation Opacity Consistency 

SE-I 1mm Circular Chalky 
White 

Irregular Convex Opaque Dry 

NW-I 1mm Irregular Chalky 
White 

Irregular Convex Opaque Dry 

W-II 1mm Circular Chalky 
White 

Irregular Flat Opaque Dry 

E-II R <1mm Circular Chalky 
White 

Irregular Convex Opaque Dry 

E-II 
WET 

2mm Circular Chalky 
White 

Irregular Convex Opaque Dry 

SE-R 1mm Irregular Chalky 
White 

Irregular Convex Opaque Dry 

 
All the isolates showed colonies with a 

crater like appearance so typical of 
actinomycetes (Table 1) along with the 
typical earthy odour on the solid media. They 
were hydrophobic and were not dispersible 
in sterile normal saline solution.  

Coverslip culture studies (Table 2) 

showed almost all the isolates to have the 
typical filamentous cellular morphology in 
the initial stages of growth with the filaments 
later showing fragmentation. The fragmented 
filaments appeared as rods in chains. Similar 
structures have been reported in non-Frankia 
actinomycetes from Casuarina equisetifolia 
roots.8  

Table 2 : Morphological Characteristics of the above isolates. 

Sample Morphology 

SE-I Aerial mycelium fragmented appearing as rods in chains 

NW-I Fragmented aerial mycelium 

W-II Fragmented aerial mycelium 

E-II R Aerial mycelium fragmented to form oval shaped cells. 

E-II WET Filamented aerial mycelium 

SE-R Filamented as well as fragmented mycelium 
 
From Fig. 3, it is evident that isolates 

from the southeastern side of the lake are the 
potent nitrogen fixers with SE-R being the 
most potent, followed by the ones from the 
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eastern and the northeastern rims 
respectively.  In  other  words,  isolates from 
the eastern side are more potent. The isolate 
from the north western rim is the weakest 

nitrogen fixer among all. Whether vegetation 
in the vicinity has some role in this is 
something to be considered. 

 

CONCLUSION 
In this article, we have studied the 

morphological characters and nitrogen fixing 
potentials of six actinomycetes isolates, of 
which, those collected from NW-I, W-II and 
E-II Wet littoral zone regions appear to be 
identical during microscopic observation of 
coverslip culture technique and remaining 
three isolates from SE-I, E-II R and SE-R 
littoral zone regions appear dissimilar. 

From Fig. 3, it is evident that isolates 
from the southeastern side of the lake are the 
potent nitrogen fixers with SE-R being the 
most potent, followed by the ones from the 
eastern and the northeastern rims 
respectively. In other words, isolates from 
the eastern side are more potent. The isolate 

from the north western rim is the weakest 
nitrogen fixer among all. Whether vegetation 
in the vicinity has some role in this is 
something to be considered. 
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