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Microbial Diversity: A Review
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Microorganisms, which plays a vital role in the functioning of the ecosystem,
‘occur virtually in every habitat in the biosphere. Microorganisms, including fungi
and bacteria related to forests, agriculture, jhum, grasslands, protected and
degraded forests of India and other parts of the world, have been reviewed.
Comprehensive accounts of saprophytes or symbionts, including mycorrhiza,
which are concerned with soil fertility, have been given and discussed.

INTRODUCTION

Microbial diversity is an unseen national, as well as international resource that
deserves greater attention than it has bean receiving. It is the largest untapped
resource, both for understanding how biological systems function as well as for
new biotechnologies. It encompasses the spectrum of variability among all types
of microorganisms in the natural world and as altered by human intervention.
Microorganisms occur virtually in every habitat in the biosphere. In fact, recent
discoveries have indicated their existence even on other planets too. They even
occur in extreme environments even in abiotic conditions, unfavourable for most
forms of life. Microorganisms represent by far, the richest repertoire of molecular
and chemical diversity in nature. They underlie basic ecosystem processes, such
as biogeochemical cycles and food chains as well as maintain vital and often
elegant relationships between themselves and higher organisms. Microorganisms
provide the fundamental base to all types of ecosystem. Without microorganisms,
all life on earth would cease.

Focussing on microbial diversity is timely. Diverse microorganisms are
essential for a sustainable biosphere. They are able to recycle nutrients, produce
and consume gases that affect the global climate, destroy pollutants, treat wastes,
and they can even be used for biological control of plant and animal pests. The
study of microbial diversity is also important to treat new and emerging diseases
and to advance biotechnology. New technologies, particularly in nucleic acid
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analysis, computer science, analytical chemistry and habitat sampling and
characterization, place the study of microbial diversity at the cutting edge of
science. Over the ages, humans have been highly successful in applying processes
carried out by microorganisms to solve problem in agriculture, food production,
human health, environmental quality and industry. They have played a pivotal
role in the evolution of life on earth. Recent technologies developed in molecular
biology and genetics offer great promise to develop the potential of microbial
diversity. The world of microorganisms and their activities in nature are vast
and therefore, it is not possible to deal with the entire microbial activity in nature.
However, in the present study, we have tried to present an overview of the
functional aspects of microorganisms in relation to environmental factors.

UNDERSTANDING FACTORS AFFECTING MICROBIAL DIVERSITY

Studies on microbial diversity are important in order to understand microbial
ecology in soil and other ecosystems (Atlas, 1984; Reid, 1994). The information
on microbial diversity from North-East India is sporadic, as compared to other
parts of India and no comprehensive study has so far been made to explore and
conserve the microbial diversity of North-East India as a whole. North-East India
is known to possess diverse forest types, from tropical evergreen forests to moist
alpine shrub forests which occupy 59.9% of its geographical area, which is much
higher than the all India average of 28%. Its forests constitute a powerful
ecological unit having vital environmental significance.

Studies on physico-chemical characteristics have generally been conducted
in forests, agricultural and grassland soils. Various physico-chemical
characteristics which affect microbial diversity are temperature, pH, moisture
content, climate, vegetation, organic matter constituents, altitude, etc. (Singh,
1968; Mishra and Kanaujia, 1972; Das 1980; Dkhar 1983; Das and Mishra, 1986).

Soil microbial diversity in general, is influenced by the nature of the crop
grown and the physico-chemical characteristics of soil viz., nature of the particles
of which the soil is composed of, i.e., nutrients, aeration, temperature, precipitation,
organic matter content, moisture, pH and depth (Waksman, 1927; Mishra and
Kanaujia, 1972; Deka, 1981; Baruah 1983; Campbell, 1983; Behera and Mukherjj,
1985; Tiwari et al., 1986; Tiwari, et al., 1987 a, b; Tiwari, 1988; Arunachalam et
al., 1997; Berg et al., 1998; Coyne, 1999; Kayang et al., 2000). The physico-chemical
characteristics of soil regulate the microbial populations and their activities; the
state of litter decomposition governs microbial diversity in the soil (Mishra, 1966;
Tiwari et al., 1987a). Therefore, due to their inseparable relationships, these
parameters were widely investigated by various workers (Waksman, 1927;
Thakur and Morris, 1928; Warcup, 1950).

Saksena (1955) stated that the high moisture content of soil was favourable
for the growth of fungi, as long as there was no water logging. Brown (1958),
Cook and Lawrence (1959), Pugh (1962) and Wohlrab et al., (1963) reported that
there is a shift in the species composition of soil mycoflora which parallels pioneer
vegetational succession.
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It is widely accepted that each of the vegetational communities harbours a
characteristic soil fungal population, particularly the assemblage of more
predominant species. However, there is no evidence that microfungi form discrete
communities, rather they constitute a continuum, the species composition
gradually changing with differences in the vegetational cover and soil
characteristics (Wicklow and Whittingham, 1974). The changing climatic
conditions at different altitudes are accompanied by differences in the
composition of the vegetation. Thus, a microorganism that subsequently
decomposes a little of this vegetation may require a different range of metabolic
reactions than those utilised in other environments. Furthermore, a decrease in
the diversity of fungal species at higher altitudes is paralleled by a decrease in
plant species. As the decomposition of litter is also controlled by differences in
the chemical composition of litter, so the spectrum of fungal species concerned
with litter decomposition is likely to differ in the same way (Schinner, 1978).
The pattern of distribution of fungi is also affected by nutritional conditions
(Rehder and Schafr, 1978) and micro-climatic factors which have a decisive
influence on the distribution of individual species.

Microbes are important organisms that drive the turnover of organic matter
in soil and aquatic environments. They are the focal point of analysis when
dealing with soil respiration, mineralisation, gas emissions or primary steps of
the food web, known as the microbial loop (Azam et al., 1983).

Soil microorganisms are largely hidden under ground populations;
frequently have a greater mass than the plants and animals above ground
(Jenkinson and Ladd, 1981; Sparling, 1985). It is also suggested that the total
functional diversity of microorganisms in different soils may be similar and that
a combination of environmental and plant factors influence microorganisms,
which are active, and become culturable and proliferate under different conditions
(Colwell et al., 1985). Climatic regimes, seasonal variations in the year, type of
vegetation, soil management practices and deforestation are the other
important factors which influence the distribution and diversity of
microorganisms in soil (Kauri, 1982; Lundgren, 1982; Behera and Mukherji, 1985;
Bossio and Scow, 1995; Acea and Caraballas, 1996; Gorres et al., 1998; Lupiwayi
et al., 1998; Zeller et al., 2001).

The major underlying principle of diversity studies is probably the
assumption that interactions between populations in a habitat lead to an
organised and stable community (Atlas, 1984). Diversity can vary with a number
of factors, such as disturbances and stress, in addition to ecological interactions.
Microbial communities are inherently stable, but at the same time are also
dynamic structures (Campbell, 1983; Bossio and Scow, 1995). The changes in
microbial communities, resulting from agricultural practices, ecosystem
management and global climate changes, can have profound impacts on
ecosystem dynamics (Shukla and Mishra, 1992).

Behera et al., (1991), while conducting an ecological investigation of some
micro fungi in a tropical forest soil of Orissa, could isolate 36 fungal species and
one sterile mycelium from the soil. They observed seasonal variations of fungal
population to be pronounced in the upper layers of the soil. They also observed
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a positive correlation between fungal population, soil moisture and organic matter
contents.

Microbial activity is an important key to understanding biological processes
in soil. It is influenced by soil degradation, transformation of organic matter
and soil structure. Changes in soil microbial activity, in response to stress, may
eventually affect plant productivity and ecosystem functioning (Garcia et al.,
1994). Elliot and Lynch (1994), Pankhurst et al., (1996) and Giller (1997) suggested
that broad functional diversity might be additionally important in influencing
the resilience residents of soil. Being the most important component of the soil
environment, microorganisms exert considerable influence on soil fertility and
plant growth (Tiwari ef al., 1991). The microbial population, as observed by Jha
et al., (1992), showed a positive and significant correlation with organic C in
more degraded forest stands, and the disturbance to the soil and vegetation
adversely affected the microbial populations and endogonaceous spores.

Berg et al., (1998) investigated the abundance and micro stratification of
bacteria and fungi inhabiting the organic layers of a scots pine forest. They
suggested that the abundance of bacteria was influenced by water and that of
fungi by water and temperature.

Tiwari and Sharma (1998) reported that the fungal and bacterial populations
in highland soil increased with an increase in altitude up to 1100m, but thereafter,
the population declined sharply. They also observed a positive correlation
between fungal and bacterial population with organic matter content of the soil.

Soil microbial communities exist within a highly heterogeneous physical
structure, which affects the spatial distribution of solutes, nutrients and of the
communities, themselves (Young and Ritz, 1998). As a result, soil processes
related to microbial activity often exhibit very high spatial variability (Parkin
and Shelton, 1992; Robertson et al., 1997; Rover and Kaiser, 1999; Stoyan et al.,
2000).

Generally, microbial populations and their activities in no tillage soil are
greater than in conventional tillage soil. But environmental disturbances like
clear cutting of forests affects the microbial populations and their activities. When
the natural forest is cut completely the roots die, root decomposition takes place
and the debris from leaves and branches on the soil surface enter into the soil,
serving as food for microbial growth (Coyne, 1999). Thus, there is an increase in
microbial growth and their activities in a short term. Soil disturbance activities,
such as shifting cultivation and others related to agriculture and forestry have a
considerable impact on the biological health of soil systems.

Sami et al., (2000) stated that soil fungi and bacteria are the major organisms
responsible for nutrient cycling and for controlling the amount of nutrients
available to plants. Liu et al., (2000) suggested that substrate availability was the
most important factor affecting the diversity and activity of soil microorganisms
within a season. Among the stress treatments soil moisture was not the factor
causing differences in microbial diversity and activity, but it was a predictor for
some microbial responses under particular kinds of stress.

Singh et al., (2001) studied the effects of varying degrees of forest degradation
on microbial communities, their activities and the various physico-chemical
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characteristics of the soil. Physico-chemical characteristics of the soil, viz.,
moisture content, water holding capacity, pH, organic carbon, total and available
nitrogen and phosphorus contents declined with the increasing severity of forest
degradation. Biological characteristics of the soil, such as soil respiration, bacterial
and fungal populations, spore distribution and diversity of VAM fungi, microbial
biomass and C and N contents also declined due to site degradation, suggesting
the detrimental effect of jhum cultivation on soil fertility. Analysis of VAM fungal
population revealed that degraded and moderately degraded sites exhibited lower
indices of species diversity of VAM fungi, as compared to non-degraded sites
suggesting higher levels of VAM fungi diversity at non-degraded sites. Microbial
diversity at different sites analysed at molecular levels, using standard
methodology, revealed that, in general, degradation caused a decline in microbial
diversity.

Priha et al., (1999) and Graystone ¢t al., (2001) pointed out that the structure
and functional diversity of microbial communities in the soil is highly related to
plant species composition above-ground, thus providing an important link
between above and below-ground processes in terrestrial ecosystems. Bakermans
and Madsen (2002) observed that the composition of microbial communities
reflects the physical, chemical, geological and biological characteristics of their
habitats.

Kourtev et al., (2001) hypothesised that microbial communities in the initial
soil will, in time, differentiate along with the different plant species and this
will in turn lead to dangers in microbial functional capabilities. They further
hypothesised that the various measures of community structure and function
could be correlated with each other. Changes in microbial structure and function
were accompanied by changes in ecosystem level, soil characteristics (nitrogen
concentrations and pH) and processes (nitrogen mineralisation).

SIGNIFICANCE OF MICROBIAL DIVERSITY IN NATURE
CONSERVATION

Only in the last decade mycologists and microbiologists started to pay attention
to microorganisms as objects of nature conservation. Nowadays, knowledge of
biodiversity and its conservation is receiving much attention all over the globe
due to the politicisation of issue. On the other hand, microbiologists have not
paid serious attention to microbes even though they exhibit far greater diversity
than any other living organisms of the world. For planning the application of
microbial diversity to biotechnology and for acquiring a better understanding of
taxonomic approaches, it is necessary to study the ecology and distribution of
the species in detail. Increased understanding of microbial species should lead
to better conservation and management of whole ecosystem.

Knowledge of microbial diversity is important because of their role in
regulating the population of other organisms and ecosystem processes, and of
equal importance to microbial diversity itself, are variations in their own
population that affect host-plant diversity and cycling. Microorganisms, however,
are important, especially due to the fact that all life is dependent on microbial
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processes. The last decade has produced an extraordinary new awareness on
microbial diversity (Dykhuisen, 1997).

Microbial communities, particularly bacteria and micro-fungi, constitute an
essential component of biological characteristics in soil ecosystems. Directly or
indirectly, animal wastes and the dead bodies of animals and tissues of plants
eventually enter the soil. In time, they all disappear and are transformed into
substances that enrich the fertility of the soil. Microorganisms are responsible
for such transformations, converting dead plants and animal matter into simple
organic substances that nourish the plants. Thus, by serving as a link amongst
various components of energy, they play a key role in maintaining life on earth,
In these processes, the microorganisms reform a variety of functions, e.g.,
biochemical transformation of nitrogen and nitrogenous compounds (nitrogen
fixation, proteolysis, ammonification, nitrification, assimilatory nitrate reduction,
denitrification), biochemical transformation of carbon dioxide and other carbon
compounds (CO, fixation, degradation of organic carbon compounds),
biochemical transformation of sulphur and sulphur compounds (oxidation and
reduction of sulphur compounds), and the biochemical transformation of
phosphorus, iron and essential elements, etc. Thus, such soil microbial processes
play a key role in maintaining the atmospheric balance of various elements vital
for life and also in mediating many natural functions in the ecosystem.

Degradation of natural ecosystems and consequent decline in vegetation
cover is a major ecological concern. Soil physio-chemical properties can be
improved by the manipulation of soil microbiological activities and the
manipulation of microbial associations like mycorrhizae, Rhizobia and plant
growth-promoting microorganisms, microbe residue association and biofertilisers,
otc. Biofertilisers have been shown to possess a significant role in the restoration
of soil fertility. Role of Azotobacter, Azospirillium, Rhizobium, Frankia, blue green
algae, mycorrhizae in the restoration of degraded soils is well documented. These
organisms have been exploited for the reclamation of degraded lands like coastal
dunes, saline soils, eroded lands and mine spoils. In recent years, emphasis has
been laid on the role of mycorrhizae in the revegetation of coal mine spoils.
Mycorrhizae play a significant role in plant succession, thus, maintaining
diversity of plant communities in such highly degraded ecosystems.

In response to the increased concern for environmental quality, innovative
approaches need to be incorporated into agricultural systems. Management of
VAM fungi is one important aspect of such an approach. However, the obligate
symbiotic nature of VAM fungi continues to impede research on improving our
understanding of these beneficial fungi. Furthermore, limited supply of VAM
inocula has restricted field-testing. High production costs, as well as problems
associated with soil-based pot cultures, have dampened the enthusiasm for
commercial development. Nonetheless, the inability to presently use fermentation
processes to produce VAM inocula should not deter further development of
current technologies to produce these fungi in large quantities. Several areas of
VAM inoculum production and application technology merit further
investigation. Development of nutrient film and aeroponic culture technologies,
along with sheared root processing of colonised roots produced in these systems,
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should make it possible for low cost, high quality inocula to be widely available
for nursery inoculation and for moderate size field testing in the near future.

Much is unknown about the storage of VAM inocula. Further research on
the storage properties of VAM inocula will definitely spur commercial production
and the development of new formulations. Innovative inoculation technologies
are needed to provide the most efficient application of available inocula in the
wide array of crop production systems. Co-inoculation of VAM fungi with other
beneficial organisms has great merit and should allow for a more holistic
approach to rhizosphere health in the future. As inoculum production and
inoculation technologies of VAM fungi undergo further development,
involvement of all those concerned with crop production and plant health will
ensure VAM inocula of consistent high quality and availability.

Microorganisms are essential components of biocoenoses by their functions
as decomposers of organic matter, parasites of other organisms and mutualistic
symbionts in mycorrhizae. Microorganisms can be excellent bio-indicators in view
of their functions, niche differentiation and species diversity. For instance, many
species of ectomycorrhizal fungi are indicators of the degree and kind of air
pollution, wood-inhabiting fungi for the intensity of forestry practice, and
grassland fungi for soil conditions, type of management and degree of
disturbance.

Microorganisms possess many qualities that can be exploited for monitoring
the presence of unwanted substances in the environment. The range of
environmental extremes tolerated by microorganisms is much broader than that
of other forms of life. Cells of bioluminescent bacterium (Photobacterium
phosphoreum) have been used to detect air pollution.

Microorganisms are important (potential) sources of food and medicines,
and they can be used for selective delignification of wood and straw, as well as
for the degradation of xenobiotics. Their economic value can be counted in
billions of US dollars, on account of their commercial uses, which include the
production of amino acids, antibiotics, beer, biocontrol agents, cheese, enzymes,
fermented foods, food (mushrooms), flavours, food colourants, fuel (ethanol,
biogas), organic acids, preservatives, single cell protein, vitamins, herbicides, bio-
pesticides and waste biodegradation.

Soil fertility is related to the soil parent material, litter types and the presence
of basic microbial species richness. Therefore, within an ecosystem, species
composition certainly matters, and changes in species diversity can therefore,
lead to changes in soil fertility. Substantial alterations in soil fertility can be
driven by changes in plant species composition, both within and among
ecosystems. Disturbing the fungal diversity by several means, however, disturbs
the microbial balance in nature. These include indiscriminate use of inorganic
fertilisers and pesticides in agriculture to kill or suppress non-target microbes,
air, water and soil pollutants, biotic activities, and collection for their use as
food, medicines, etc. Therefore, useful fungal species are adversely affected, along
with the harmful fungi affecting the whole biodiversity of ecosystems.

In natural habitats, microorganisms are an integral part of the biotic
community, which interacts dynamically with the abiotic components to form
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ecosystems. Nowadays, particularly attention is given to soil functionality, largely
to microbial activity, which is measured by determining both microbiological
parameters and biochemical activities simultaneously (Bonmati et al., 1991).
However, in order to maximise the beneficial effects of microbial activity, there
is a need for greater understanding of the factors influencing microbial diversity
and activity. The abundance and activity of soil microorganisms are influenced
by various environmental (e.g., soil type, nutrient status, pH and moisture) as
well as plant (e.g., species and age) factors. They are not distributed uniformly
in the environment, rather the abundance and activity of the organisms changes
along environmental gradients. Biotic processes often result in the aggregation
of organisms, even within homogeneous environments (Legendre and Fortin,
1989). Therefore, in order to maximise the beneficial effects of microbial activity,
greater understanding of the factors influencing microbial diversity and activity
is needed. Microbial growth in soil is carbon limited and therefore, the presence
of organic matter has an influence on microbial populations (Lynch and Whipps,
1990; Wardle, 1992).

With increasing emphasis on environmentally friendly, low-input agricultural
practices, there is growing interest in the management of soil microbial
communities to enhance plant growth. Soil is rarely manipulated for microbial
growth. However, if a soil is altered to affect plant growth, which is the essence
of agriculture, these manipulations affect the distribution and types of microbial
population. Thus, the microorganisms in turn, affect plant growth (Coyne, 1999).

Wardle and Giller (1996) pointed out that despite their comparable mass,
we know much less about microorganisms than we do about higher plants and
animals. Microorganisms have an enormous impact and role in our daily lives,
including everything, right from maintaining the biosphere to improving our
lifestyle (Hunter- Cevera, 1998).

The important functional attributes of soil microorganisms include population
number, biomass, respiratory efficiency and diversity patterns. These
microorganisms are responsible for the breakdown of organic matter, nutrient
transformation (Das, 1980; Baruah, 1983; Tiwari 1988; Dkhar and Mishra, 1992;
Kayang, 2001), influencing plants and are considered crucial to the functioning
of soil ecosystems. Apart from their indispensable role in the biogeochemical
cycling of nutrients, they are reported to be useful indicators of the fertility and
quality of soil, since they are sensitive to changes occurring in the soil
environment. In fact, soil microorganisms play a very important role in soil
fertility, not only because of their ability to carry out biochemical transformation,
but also due to their importance as a source and sink for mineral nutrients
(Jenkinson and Ladd, 1981).

The analysis of the functional diversity of soil population is a very useful
way for characterising and comparing the microbial communities. Little is known
about the importance of the functional diversity of soil microbial communities
for the sustained functioning of terrestrial ecosystems (Beare ef al., 1995, Moore
et al., 1995 and Pankhurst et al., 1996; Giller et al., 1997). It has generally been
hypothesised that the reduction in soil microbial diversity will result in the reduction
of functional capability of soils (Giller et al., 1997). A high degree of functional
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redundancy in soil microbial communities may result in there being no effect of
the changes in microbial diversity on the function of communities (Andren
et al., 1995; Giller et al., 1997). However, broad functional diversity may be
additionally important in influencing the resilience of soil (Elliot and Lynch,
1994; Pankhurst et al., 1996; Giller ef al., 1997).

The decomposition of dead plant material is an important process responsible
for the release of nutrients from the litter and soil. It plays a major role in the
structure and dynamics of ecosystems. It also helps in the transfer of elements
and energy and in control mechanisms and feedback processes. It is a key process
in all-terrestrial ecosystems, because it controls nutrient availability and hence,
primary production. In addition, interactions of phylloplane, rhizosphere and
rhizoplane microorganisms with plants are of much significance. In some cases,
microorganisms may be keynote species which if lost, would lead to major
changes in the ecosystem.

The relationships among microbial diversity, microbial activity, plant quality
and ecosystem sustainability of disturbed and range lands are still poorly
understood. Ecosystem functioning, before and after disturbance, can be governed
by soil microbial population dynamics (Kennedy and Smith, 1995). The microbial
communities in forest soils, rich in organic matter, may differ considerably from
those found in grasslands and in arable soils, with lower organic matter content
(Frostegard and Baath, 1996). Therefore, research on microbial diversity and
activity may provide some advance evidence of ecosystem degradation. In
managed ecosystems, the early detection of soil biological activity may allow
for changes in the management system before the functioning of the entire
ecosystem is impaired.

FUTURE PROJECTION

Microorganisms have enormous potential to make our life better on this earth.
They are an integral part of our lives and possess a vast range of activities to
support and improve the quality of our life; many of their properties are still
unexplored and in future, we will largely depend on microorganisms to solve
our natural as well as man-made problems. Conservation of the gene pools of
microorganisms is needed in order to extend our understanding of evolutionary
processes and the resulting diversity in taxa, morphological structures and
ecological strategies.

Our knowledge of the relation between microorganisms and different
management practices in forests and nature reserves is still very scanty. Therefore,
such studies from different parts of North-East India are needed to explore, not
only new fungal and bacterial diversity, but also to gather knowledge on their
substrate relationship, culture and physiology, seasonal variations, quantitative
estimations, decomposition biology, etc. Finally, the consequences of changes in
microorganisms for the functioning of ecosystems are still poorly understood.
Increased insight into these relationships will without doubt, contribute to a
better appraisal of microorganisms as essential components of ecosystems.
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