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Microorganisms are of critical importance to the sustainability of life in our 
planet. The untapped diversity of microorganisms is a resource for new 
genes and organisms of value to biotechnology. The diversity patterns of 
microorganisms can be used for monitoring and predicting environmental 
change. Water sediments and leaf litter samples were collected from streams 
of Silver falls, Pillar rock, Vattakanal, Villpatti and Gundar. In this present 
study the role of different microbial groups as decomposers in the littoral 
area and their metabolic and structural responses of sediment microbial 
communities to the addition of different carbon substances have been 
assessed. Leaf litter and sediments in five selected streams displayed many 
microorganisms of bacteria and fungi. However, if the pollution continues at 
this level the five streams under study will soon reach bad conditions and 
problems arise to microbial population. Thus the sustenance of environment 
especially in streams requires a thoughtful management of microorganisms.  
 
Keywords: Microbial diversity; microbial population; bacterial community; 
sediments; leaf litters 

 
 
INTRODUCTION 
 
Microorganisms have been evolving for nearly 4 billion 
years and are capable of exploiting a vast range of energy 
sources and thriving in almost every habitat. For 2 billion 
years microbes were the only form of life on Earth. It is 
estimated that 50% of the living protoplasm on this planet 
is composed of microbial community. The biosphere 
contains between 1030 and 1031 microbial genomes and 
microorganisms are essential for the earth to function 
playing many roles in both land and on water (Li et al., 
2007). The most common usage of benthic organisms is an 
indicator of water quality, especially tropic status of lakes, 
calcium hardness, alkalinity, pH and conductivity. Carbon, 
energy and inorganic nutrients of many water streams are 
dominated by processes associated with large pools of 
detritus organic matter and these processes are mediated 
by heterotrophic microbes, bacteria and fungi (Gartner and 
Cardon, 2004; Hattenschwiler et al., 2005). Litter 
decomposes its mass decreases approximately 
exponentially with time. Leaf litter loses 30 – 70% of its 
mass in 1st year and another 20 - 30% it’s mass in the next 5 
– 10 years (Hattenschwiler et al., 2005; Kominoski et al., 

2007). Bacteria and fungi play significant role in organic 
matter degradation but their contributions will vary across 
among different habitats in streams. Microbes control 
global utilization of nitrogen through nitrogen fixation, 
nitrification, and nitrate reduction, and drive the bulk of 
sulfur, iron and manganese biogeochemical cycles (Loreau 
et al., 2001).  

Microbial population regulates the composition of the 
atmosphere, influence climates, recycle nutrients, and 
decompose pollutants. Without microbes, multi-cellular life 
on earth would not have evolved and biology as we know it 
would not be sustainable. The diversity of microbial 
communities and their ecologic and metabolic functions are 
being explored across a great range of natural 
environments: in soils (Fierer et al., 2007; Schloss and 
Handelsman, 2006; Roesch et al., 2007), air (Brodie et al., 
2007) and seas (Alonso-Saez and Gasol, 2007 ; Frias-Lopez  
et al., 2008; Sogin et al., 2006; Stevens and Ulloa, 2008), on 
plants (Fang et al., 2005) and in animals (Michalke et al., 
2008; Yu et al., 2008) and in extreme environments such as 
the arctic (Stoeck et al., 2007), deep-sea vents (Huber et al.,  
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Table 1. Study Streams and their Codes 
 

S.No Name of the 
Stream 

Stream 
Code 

1. Silver Falls Stream 1 
2. Pillar Rock Stream 2 
3. Vattakcanal Stream 3 
4. Villpatti Stream 4 
5. Gundar Stream 5 

 
 
 
2007), uranium-contaminated soil (Barns et al., 2007) , and 
waste-water treatment discharge areas (Wakelin et al., 
2008). 

The two major hot spots in the present scenario of India’s 
biodiversity are the Western Ghats and the North Eastern 
region. The Western Ghats are known to be tectonically 
active and an uplifted region. It has been reported that 
approximately 17% of a set of 2500 species are likely to be 
microbial in this region (Kapur and Jain, 2004). Western 
Ghats is an ideal site for such studies because Western 
Ghats of India is the one of the world’s 10 “Hottest 
biodiversity hot spots” that runs along the western part of 
India through four states including Tamilnadu. 

The present investigation is aimed at determining the 
microbial diversity & physico-chemical characteristics of 
five major streams ie. Silver falls, Pillar rock, Vattakanal, 
Villpatti and Gundar in Palani hills, Tamilnadu. In rural 
areas, streams have tremendous importance as they are 
used as sources of drinking water & irrigation. By 
determining the stream quality, the health of the streams 
which may be affected by polluting run off from the nearby 
fields and residential lawns can be assessed. The role of 
different microbial groups as decomposers in the littoral 
area and the metabolic and structural responses of 
sediment microbial communities to the addition of different 
carbon substances have been assessed. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
Western Ghats is a mega biodiversity region of India. The 
varied geographic and climatic conditions existing in this 
region has contributed rich floral and faunal diversity. The 
chosen study areas are Kodaikanal (10°14′N 77°29′E / 
10.23°N 77.48°E), a portion of Palani hills, is one of the hot 
spots of biodiversity of Western Ghats (Table.1). 
 
Sampling strategy 
 
The streams were sampled during the month of December. 
Three locations in each stream were chosen for the 
analysis. Physico – chemical factors, Chemical analysis of 
sediment,   free  Carbon – dioxide  analysis,  total  alkalinity,  

 
 
 
 
available Phosphorus, Chlorides, Nitrate were analysed in 
all locations and samples. 
 
Microbiological examination of aquatic sediment and 
leaf litter 
 
Samples (sediments and leaf litters) were collected from 
the streams. The bacterial organisms used in this study 
from the samples were isolated by spread plate technique 
on media after serial dilution using sea water. One millilitre 
of tested sea water was mixed with 9 ml of sterile sea 
water, followed by serial dilution with sterilized sea water 
in the range of 10-1 – 10-10. The diluted samples of 100µl 
were spread with isolation agar media of nutrient agar.  
Fungal organisms were isolated using potato dextrose agar. 
The plates were incubated at room temperature and 
monitored for growth. According to morphology, new 
colonies were streaked on new agar plates for purification.  
This procedure was repeated several times till pure culture 
plates were obtained (Cappuccino and Sherman, 1999)). All 
pure bacterial and fungal colonies were maintained on agar 
slants and stored at 4ºC. These strains were subcultured 
every 3-4 months in order to keep them alive. The isolated 
and selected bacteria were identified based on the colony 
morphology, gram staining and biochemical tests (Holt et 
al., 1994). The isolated fungal colonies were identified 
based on the colony morphology and microscopic 
characteristics (Cappuccino and Sherman, 1999). 
 
 
RESULTS AND DISCUSSION 

 
Our results indicate that leaf diversity can considerably 
alter the decomposition of particular species. Diversity of 
the riparian vegetation can therefore be an important factor 
controlling leaf decomposition in streams, since the 
diversity of leaf litter inputs to streams is primarily 
controlled by the nature of the vegetation. Rapid losses of 
species worldwide have raised concerns about how 
ecosystems will function as biodiversity declines (Tilman et 
al., 2001; Loreau et al., 2001; Hooper et al., 2005). Changes 
in biodiversity can affect fundamental ecosystem processes, 
such as primary productivity (Tilman et al., 2001; Hooper et 
al., 2005) and organic matter decomposition (Gartner and 
Cardon, 2004; Hattenschwiler et al., 2005). Biodiversity 
effects on decomposition have been shown empirically 
through resource manipulations of plant leaf litter (Gartner 
and Cardon, 2004; Swan and Palmer, 2004; Hattenschwiler 
et al., 2005; Kominoski et al., 2007) as well as consumer - 
level manipulations of invertebrates (Jonsson and 
Malmqvist, 2000; Dangles and Malmqvist, 2004; 
Hattenschwiler and Gasser, 2005) and microorganisms 
(Barlocher and Corkum, 2003; Dang et al., 2005; Lecerf et 
al., 2005; Tiunov and Scheu, 2005; Duarte et al., 2006).  

Different groups of bacteria and fungi have various 
biochemical     and    physiological    capabilities,  and   these  
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Table 2. Total Viable Count of Bacterial Genera in the Leaf Litter 
and Sediment of  Selected Streams of Palani Hills 

 
S.No Name of the Area TVC*(Total viable count) 

Leaf Litter Sediment 
1. Stream 1 51.1 69.3 
2. Stream 2 48.2 82.5 
3. Stream 3 38.6 78.5 
4. Stream 4 40.2 97.2 
5. Stream 5 38 76.2 

 

*Values are the mean of three replicates 

 
 

 
 

Figure 1: Total viable count of  bacteria genera in the leaf litter and sediment of the selected streams of Palani Hills 

 
 
 
differences may influence the leaf decomposition process 
that underscores the need to examine microbial community 
structure (Xu et al., 2013).  The results indicated that leaf 
species can be considered an influence factor but not so 
significant one in affecting the microbial decomposer 
communities. 

Forested headwater streams are ideal environments to 
test effects of litter diversity on invertebrate detritivores 
and microbial decomposers and subsequent litter 
decomposition. Terrestrially derived litter is the dominant 
organic matter resource in headwater stream ecosystems 
and consumers in these donor-controlled ecosystems do 
not directly affect the diversity of allochthonous organic 
matter resources (Hall et al., 2001). In addition, litter 
species diversity is especially relevant to stream 
ecosystems because global - scale processes such as climate 
change, species invasions, and the spread of pathogens are 
non randomly altering plant species composition within 
communities (Ellison et al., 2005). Shifts in tree species 
composition will alter litter inputs to streams, which may 
affect the structure of microbial communities and overall 
organic matter processing in these ecosystems. 

Microbial diversity is an unseen natural resource that 
deserves greater attention. Streams are complex ecosystem 
in which biological, chemical or physical changes may affect 
their characteristics. Stream depends on leaf litter, which 

can fall in from forest canopy. Mayfly and stone fly nymphs 
as well as bacteria and fungi directly use the fallen leaf 
litter. The amount of microbial biomass and relative 
contribution of fungi and bacteria are expected to vary with 
quality and quantity of organic matter within the stream 
and between the streams because of differences in organic 
matter quality and quantity (Findlay et al., 2002). 

Physiological parameter of 5 streams showed marked 
variation by width ranges from 1.63 to 5.26m, depth of the 
stream ranges from 4.0 to 13.6 cm and water temperature 
varied from 7°C to 18.3°C. Temperature is one of the 
important environmental factors affecting the rates of 
microbial growth and death. Free carbon – di- oxide values 
ranges from 3 to 2 ppm. pH was low in stream 2 and high in 
stream 4 & 5, total alkalinity of the sediments are in same 
level of 0.2mg/l in all streams and chlorides were minimum 
in stream 4 and maximum in stream 3, ranges from 28.9 - 
50.0 mg/L. Phosphorus was minimum in stream and 
maximum in stream 4 ranges from 0.02 – 0.06 mg/L 
(Hooper et al., 2005). 

Leaf litter samples from stream showed high Total Viable 
Count (TVC). Sediment sample from Stream 4 showed high 
TVC. Stream 1, 2 and 4 shown the highest amount of 
Bacillus sp., Stream 3 and 5 shown the higher number of 
Staphylococcus sp. (Table 2 and 5; Figure 1). Understanding 
the   factors  that control  the  composition  and  diversity of  
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Table. 3 Number of Bacterial Colonies Recorded in the Leaf Litter of Selected 
Streams of Palani Hills 

 
Name of the Area Genera of Bacteria Number of Colonies 

Mean ±SD 
 
 
Stream 1 

Escherichia coli 16.3±8 
Staphylococcus sp. 9.6±6.5 

Bacillus sp. 9.6±6.5 
Proteus sp. 9.6±5.5 

Pseudomonas sp. 6±4 
 
 
Stream 2 

Escherichia coli 14±7.2 
Staphylococcus sp. 9.6±5.5 

Bacillus sp. 15±3 
Proteus sp. 9.6±6.5 

 
Stream 3 

Escherichia coli 14±7.2 
Staphylococcus sp. 15±10 
Pseudomonas sp. 9.6±5.5 

 
 
Stream 4 

Escherichia coli 15±10 
Staphylococcus sp. 6±4 

Bacillus sp. 9.6±5.5 
Pseudomonas sp. 9.6±6.5 

Stream  5 Escherichia coli 23±7.9 
Enterobacter sp. 15±10 

 

Table 4. Number of Bacterial Colonies Recorded in the Sediment of Selected 
Streams of Palani Hills 

 
Name of the Area Genera of Bacteria Number of Colonies 

Mean ±SD 
 
 
Stream 1 

Escherichia coli 16.3 ±8 
Enterobacter sp. 15±10 

Staphylococcus sp. 15±4.5 
Bacillus sp. 23±7.9 

 
 
Stream 2 

Escherichia coli 25.6±10 
Staphylococcus sp. 15.6±4 

Bacillus sp. 27±8.5 
Pseudomonas sp. 14.3±6.1 

 
 
Stream 3 

Escherichia coli 26±9.5 
Enterobacter sp. 9.6±5.5 

Staphylococcus sp. 26.6±5.6 
Proteus sp. 16.3±8 

 
 
 
Stream 4 

Escherichia coli 27±8.5 
Staphylococcus sp. 9.6±6.5 

Bacillus sp. 30±6 
Proteus sp. 9.6±5.5 

Pseudomonas sp. 15±4.5 
Salmonella sp. 6±4 

 
 
Stream 5 

Escherichia coli 19.3±6 
Staphylococcus sp. 25.6±10 

Bacillus sp. 16.3±8 
Salmonella sp. 15±10 

 

 
 
microbial communities is important to understand how 
bacterial populations function to facilitate biogeochemical 
processes (Hongchern Jiang et al., 2006). 

Seven bacterial isolates from the leaf litter and sediment 
samples   were identified (Table 3 and 4). Dominant  fungal  

 
colonies of leaf litter samples were in Stream 1 & 3 - 
Aspergillus sp., Stream 2 - Aspergillus flavus, Stream 4 - 
Mucor sp. and Stream 5- Trichoderma sp. (Table.6). 
Dominant fungal colonies of sediments samples were 
Aspergillus niger in Stream 1 &3, Penicilliun sp. in Stream 2, 
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Table.5 Number of Fungal Colonies in the Leaf Litter and Sediments of Selected Streams of Palani Hills 
 

S.No Name of the Area TVC (Total Viable count) 
Fungal Coloniesin the Leaf Litter Fungal Colonies in the Sediment 

1. Stream 1 24.6 39.5 
2. Stream 2 30.6 10.3 
3. Stream 3 15.6 30.5 
4. Stream 4 19.6 31.9 
5. Stream 5 23.0 9.6 

 

*Values are the mean of three replicates 

 
 

Table.6 Individual Count of Fungal Colonies in Leaf Litter Samples 
 

Streams Fungal Genera No. of Colonies 
Mean ± S.D 

 
Stream 1 

Aspergillus niger 15±10 
Penicillium sp. 9.6±6.5 

 
Stream 2 

Aspergillus flavus 15±10 
Rhizopus sp. 6±4 

Alternaria sp. 9.6±5.5 
Stream 3 Aspergillus niger 15.6±4 
 Mucor sp. 10.3±4.5 
Stream 4 Rhizopus sp. 9.6±6.5 
Stream 5 Trichoderma sp. 23±7.9 

 
 

Table.7 Individual Count of Fungal Colonies in Sediment Samples 
 
Streams Fungal Genera No. of Colonies 

Mean ± S.D 
 
 
Stream 1 

Aspergillus niger 15.0±3.0 
Rhizopus sp. 9.6±5.5 

Alternaria sp. 9.6±6.5 
Trichoderma sp. 5.3±4.5 

Stream 2 Penicillium sp. 10.3±4.5 
 
 
Stream 3 

Aspergillus niger 10.3±4.5 
Penicillium sp. 5.3±4.5 
Rhizopus sp. 5.3±4.5 

Mucor sp. 9.6±6.5 
 
Stream 4 

Aspergillus flavus 10.3±4.5 
Penicillium sp. 16.3±8 

Trichoderma sp. 5.3±4.3 
Stream 5 Alternaria sp. 9.6±5.5 

 

 
 
Aspergillus    flavus     in    Stream 4    and   Alternaria  sp.   in, 
Stream 5 (Table.7; Figure 2). 

The significance of microbes in the soil had been very 
widely studied and accepted, which included an extensive 
range of essential aspects in ecosystem function, such as 
nutrition cycling, plant growth stimulation and degradation 
of organic matters. The organic matters in the soil were 
known deriving from ruining plant parts over and beneath 
ground, most of which includes identifiable cellular 
composition, plants particles, lignin, cellulose, fungal 
mycorrhiza and hyphae and from animal residues (Li et al., 
2007).  

The organic polymers would be decomposed by soil 
fungi, which were believed to play essential roles in the 
processes, to micromolecules into the soil nutrition cycling. 
The soil fungi, according to their reliance upon different 
substrates, could be mainly divided into five groups: 
saprophytic fungi group, cellulose-decomposing fungi 
group, pectin and keratin - decomposing fungi group, 
rhizosphere fungi group and mycorrhizal fungi group, 
functioning in different aspects in soil ecosystem (Liu et al., 
2008).   

Microorganisms contribute significantly to the stability 
and functioning of the ecosystems, which can be threatened  
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Figure 2: Total number of fungi colonies in the leaf litter and sediments of the selected streams of Palani Hills 

 
 
 
by man made disturbances including some originating from 
biotechnological applications (Janson et al., 2007). The 
present study concluded that understanding the diversity 
within one environment at different sites are necessary and 
is the first step in studying the presence of bacterial and 
fungal organisms. These differences might be due to the 
nearby trees which produce enzymes, organic acids and 
litters or due to the difference in the depth where wide 
variety of aquatic organisms influence the bacterial growth 
(Humayoun et al., 2003). 
 
 
Conclusion 
 
Microbial diversity is the key to human survival and 
economic wellbeing and provides a huge reservoir of 
resources. Microbial communities are excellent models for 
understanding biological interactions and evolutionary 
history. Microbial diversity encompasses the spectrum of 
variability among all types of microorganisms. 
Microorganisms constitute a huge and almost unexplained 
reservoir of resources likely to provide innovative 
applications useful to man. Microorganisms represent by 
far the richest repertoire of molecular and chemical 
diversity in nature. Microorganisms play a role in 
conservation and restoration biology of higher organisms. 
They underlie basic ecosystem processes such as the 
biochemical cycles and food chains, as well as maintain vital 
and often elegant relationships between themselves and 
higher organisms. 
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