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Abstract

Microorganisms are ubiquitous i.e. they are present nearly everywhere in
world. They are huge in number and play significant role in environment.
Microorganisms have several vital roles in ecosystems: decomposition, oxygen
production, evolution, and symbiotic relationships with plants etc. Microbial
enzymatic activity is responsible in cyclic of essential nutrients. Microbial
diversity can be characterized on the basis of morphology, physiology, genetic
and geography etc. The microbial ecology 1is relationship between
microorganisms and their biotic and abiotic environment. Microbes are huge in
number and significant role in environment. Microorganisms have several vital
roles in ecosystems such as decomposition of complex molecules, produce
oxygen, symbiotic relationships with plants, recycling of nutrients and
bioremediation. Plant growth promoting microorganisms enhances plant
growth by production of plant growth hormones, enzyme production,
siderophore production and HCN production etc. Microorganism uses
processes such as Biodegradation, Biotransformation, and Co-metabolism for
degradation of xenobiotic compounds. Few specific microorganisms are use in

mining industry which process is known as bioleaching.
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Introduction

Microorganisms are microscopic living from which may exist in unicellular form and multicellular
forms. Diversity means variation so in simple word; microbial diversity is variation in microorganisms.
This microbial diversity can be characterized on the basis of morphologically, physiologically,
genetically and geographical etc. Anything which has variation, it comes under diversity. The diverse
groups of communities of microorganisms are classified in to Bacteria, Archaea and Eukaryote. In
morphological diversity, microbes are classified on the basis of various forms such as unicellular,
multi-cellular, rod shape, spherical, spiral, oval, flagellate, branched, unbranched etc.

Morphological diversity: These microscopic organisms have unique morphology and we can observe
them with help of staining under microscope. In general, shape of Bacteria like a ball is called cocci, rod
shaped bacteria are known as bacilli and some rod shaped bacteria are curved, spiral shaped bacteria is
called as spirilla (singular spirillus) (van Teeseling et al., 2017). Some bacteria are flagella which is
responsible for motion and classified into to Monotrichous- Single flagella at one end, Amphitrichous-
single flagella at both ends, Lophotrichous- Tuft of flagella at one or both ends, Peritrichous- flagella
surrounding the bacterial cell (Holt et al., 1994). Further, Unicellular fungi forms oval type structure
which broadly term as Yeast and other eukaryotic multi cellular forms are known as fungi which may
bear spore beading structure like sporangia containing motile spore - zoospores or non-motile spore
aplanospore which are asexual spores and other types of sexual spores such as Ascospore, zygospore
etc. (Stajich et al., 2009; Willey et al., 2017).

Physiological diversity: Microbial physiology is defined as the study of how microbial cell structures,
growth and metabolism function in living organisms. It is also conveyed as the study of microbial cell
functions which includes the study of microbial growth and microbial metabolism. Microorganism is
using various metabolic pathways for growth, repair and multiplication. There are two group of
microorganisms based on oxygen metabolism- aerobic and anaerobic microbes (Willey et al., 2017; Moat
et al., 2002). Aerobic microorganisms are use oxygen for metabolic activity and process is known as
oxidation. Another group of anaerobic cannot perform activity under aerobic condition therefore they
are called as anaerobic microbes and this process is known as fermentation. Other factors such as
nutrients, pH, temperature etc. are also affected metabolic activity. In other words, we can say enzymes
are responsible for metabolic activity, which are affected by environmental parameters. Various
metabolic biochemical processes are come under this diversity (Willey ef al., 2017). Among
micro-organisms fungi produce maximum exogenous enzymes in environment. An Autotrophic
microbe can produce its own food using light, water, carbon dioxide, or other chemicals but other
group which cannot manufacture its own food by carbon fixation and therefore derives its intake of
nutrition from other sources of organic carbon, mainly plant or animal matter are known as
“Heterotroph” (Willey et al., 2017; Moat et al., 2002).

Genetic diversity: Genetically diversity means variation in DNA sequence. A genome is an organism’s
complete set of DNA, including all of its genes. Each genome contains all of the information needed to

build and maintain that organism. Microbial genomes are widely variable and reflect the enormous
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diversity of bacteria, archaea and lower eukaryotes. The molecular-phylogenetic studies, researchers
have compiled an increasingly robust map of evolutionary diversification showing that the main
diversity of life is microbial, distributed among three primary relatedness groups or domains: Archaea,
Bacteria, and Eucarya (Pace, 1997). One major difference between the genomes of microorganisms and
higher eukaryotes, is the presence of circular, extra-chromosomal DNA called plasmids. Plasmids can
be transferred via horizontal DNA transfer from on cell of the same generation to another, mediating
the rapid evolution of many different organisms (Bohlin et al., 2017; Bohlin and Pettersson, 2019). It
means, each microorganism have its own specific genome. This genomic information can be used for
identification and qualitative analysis of microorganism.

Geographical diversity: Microorganisms are distributed in all over the world which includes plants,
animals, and environment. Microbes show diversity in pH which is an important determinant of
microbial community composition and diversity. Most Microbes grow best around neutral pH values
(6.5 - 7.0), but some thrive in very acid conditions and some can even tolerate a pH as low as 1.0. Such
acid loving microbes are called acidophiles. Even though they can live in very acid environments, their
internal pHis much closer to neutral values. But Alkaliphilesare a class of extremo-
philic microbes capable of survival in alkaline (pH roughly 8.5-11) environments, growing optimally
around a pH of 10 (Gomes and Steiner, 2004; Gupta ef al., 2013). Microorganism shows diversity on the
basis of temperature and they are classified into 5 types.

Psychrophiles grow well at from 0°C to 20°C and have an optimum growth temperature near to 15°C.
They are readily isolated from Arctic and Antarctic. Another types of microbes are psychrotrophs or
facultative psychrophiles which can grow at 0 to 7°C even though they have maximum growth ranges
between 20 and 30°C. Other group, Mesophiles are microorganisms with growth optimum around 20 to
45°C. Further, thermophiles where microorganisms can grow at temperatures of 55°C or higher. These
organisms flourish in many habitats including composts, self-heating hay stacks, hot water lines, and
hot springs. In fifth group, a few thermophiles can grow at 90°C or above and some have maxima
above 100°C and they are known as hyperthermophiles (Gupta et al., 2014). Few Archea such as
Pyrobaculum, Pyrodictium, Pyrococcus and Melanopyrus and fungi such as Ascomycete and Zygomycete
family can multiply at high temperature (Busk and Lange, 2013; Gupta et al., 2014). Thermotoga
maritime and Aquifex pyrophilus is belong to bacterial group can exhibit the highest growth temperatures
of 90 and 95°C respectively (Haki and Rakshit, 2003; Kumar et al., 2011; Gupta et al., 2014).

Microbial ecology and microbial niche

Microbial ecology is the science that specifically examines the relationship between microorganisms
and their biotic and abiotic environment i.e. microbial ecology applies the general ecological principles
to explain life functions of microorganisms in situ, i.e., directly in their natural environment rather than
simulated under artificial laboratory conditions ex situ or in vitro (Panikov, 2010). The niche theory is
based on the assumption that the species composition of an ecosystems entirely determined by

environmental conditions, a process known as habitat filtering (Dumbrell et al., 2010). Simply, we can
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say the ecological niche of a microorganism describes how it responds to the distribution of resources
and competing species, as well as the ways in which it alters those same factors in turn. In essence, the
niche is a complex description of the ways in which a microbial species uses its environment. The
accurate ecological niche of a microbe is primarily determined by the specific metabolic properties of
Microorganism (Horner-Devine et al., 2007; Faust and Raes, 2012). Understanding of microbial ecology
is difficult as microbial ecology is not permanent in site. The microbial ecology changes as change
number and type of microorganisms under non-living habitats. Microbial ecologists have examined
whether microbial communities are distinct in different environments, whether microbial diversity
changes with habitat heterogeneity and distance, and whether microbial diversity shows explainable
patterns of distribution comparable to such of microorganisms (Rosenzweig, 1995), the
productivity-diversity relationship (Rosenzweig, 1995) or patterns of co-occurrence (Horner-Devine et
al., 2007). The microbial ecologists study the contributions of microorganisms to the carbon, nitrogen,
and sulfur cycles in soil and in freshwater. The study of pollution effects on microorganisms also is
important because of the impact these organisms have on the environment. Microbial ecologists are

employing microorganisms in bioremediation to reduce pollution effects (Willey ef al., 2017).

Role of microorganisms in an ecosystem

Microorganisms are ubiquitous i.e. they are present nearly everywhere in world. They are huge in
number and play significant role in environment. Microorganisms have several vital roles in
ecosystems: decomposition, oxygen production, evolution, and symbiotic relationships with plants etc.
Microbial enzymatic activity is responsible in cyclic of essential nutrients. In soil, microbial community
is linked with ratio of nutrient i.e. carbon: nitrogen: phosphorous: sulphur ratio. At the same time, these
ratios might be modulated by the different nature of available organic matter in each substratum and
by the water nutrient concentrations.

Decomposition: Decomposers are present in dead animal or plant matter and they break down into
more basic molecules. These micro-organisms produce diverse exogenous enzymes which convert
complex form to simplest form which process is known as decomposition. In this decomposition
process, various different products are released in environment such as carbon dioxide (CO.), energy,
water, plant nutrients and resynthesized organic carbon compounds. The successive decomposition of
dead material or modified organic matter results in the formation of a more complex organic matter
called humus (Juma, 1998; Bani et al., 2018). So the process of decomposition provides nutrients that
future plants and animals will be able to reuse, making soil more fertile.

Nutrients recycling: Microorganisms play important role in circulation of nutrients in ecosystem.
Microorganism produces enzymes to degrade complex material into simplest form which can be
utilized by other living forms. Further, microorganisms are responsible for running biogeochemical
cycle.

Nitrogen fixation: Microorganisms have capability to fix atmospheric nitrogen. On the basis of such

nitrogen fixing tendency nitrogen fixing microorganisms and classified into two group symbiotic
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nitrogen fixer and free living (non-symbiotic) nitrogen fixer (Deshwal et al. 2013a). The symbiotic
interactions between a legume and rhizobia result in a unique, nitrogen fixating plant organ, the nodule
symbiotic nitrogen fixation throughout nodulation in legumes is well known, which help to reduce the
application of inorganic N and can also play a major role as green manure in improving the soil fertility
(Deshwal et al., 2013b; Deshwal and Singh, 2014; Ney et al., 2019). According to Postgate (1982), the
atmosphere contains about 107> tones of N2 gas and nitrogen cycle involves the transformation of some
3 x 10° tonnes on global basis but lighting can fix atmospheric nitrogen i.e. transformation and 10% of
world supply of nitrogen meets out by this process (Sprent and Sprent, 1990). The fertilizer industry
also provides chemically fixed nitrogen globally. The consumption of fertilizer N increased from 8 to 17
Kg. ha of agriculture land in the 15-year period from 1973 to 1988 (FAO, 1990; Deshwal et al., 2013;
Mahmud et al., 2020).

More than 100 years biological nitrogen fixation (BNF) has commanded the attention of scientists
concerned with plant mineral nutrition and it has been exploited extensively in agricultural field
(Dixon and Wheeler, 1986; Burris, 1994). Frages (1992) suggested that ecological principles and practices
that are appropriate for the manipulation of rhizobia prove suitable model for other soil microorganism
as well. Brockwell and Bottomley (1995) concluded that in particular efficient substitute for fertilization
of crops and pastures occurs with the organic N. Recently, Ramirez-Puebla et al. (2019) mentioned that
nearly 50% of the total nitrogen in crop fields is the contribution of BNF by diazotrophic bacteria of the
total biosphere nitrogen.

Bacteria of family Rhizobiaceae are symbiotic and effectively convert atmospheric nitrogen which is
utilized by the host. Rhizobiaceae family contains six genera namely Rhizobium, Sinorhizobium,
Mesorhizobium, Allorhizobium, Azorhizobium and Bradyrhizobium (Deshwal and Chaubey, 2014). The Free
-living diazotrophs correspond to a small fraction of the plant rhizospheres ecosystem, and they belong
to alphaproteobacteria (Rhizobia, Bradyrhizobia, Rhodobacteria), betaproteobacteria (Burkholderia,
Nitrosospira), gammaproteobacteria (Pseudomonas, Xanthomonus), firmicutes, and cyanobacteria (Morris
and Schniter, 2018; Deshwal and Thapliyal, 2019), Actinomycetes and Frankia sp. (Deshwal and
Tarik,2018), Cyanobacteria (mainly Nostoc sp.), Azospirillum spp., Azoarcus spp. and Herbaspirillum
(Burén and Rubio, 2017), Clostridium pasteurianum, Klebsiella oxytoca (Yates and Jones, 1974), Azotobacter
vinelandii (Poole, 1997).

Carbon rotation in environment: Carbon is an essential element for life as we know it because of its
ability to form multiple, stable bonds with other molecules. Without carbon, none of these molecules
could exist and function in the ways that permit the chemistry of life to occur. Various carbon cycle
steps are given below

Carbon in the Atmosphere: Carbon dioxide gas (COy can released into the atmosphere through the
activities of living things, such as the exhalations of animals, the actions of decomposer organisms, and
the burning of wood and fossil fuels by humans. The CO> gas in atmosphere is the starting point of the
carbon cycle (Lu and Conrad, 2005; Trumbore, 2006; Le Quere et al., 2009).

Producers: Producers such as plants absorb carbon dioxide from the atmosphere under sunlight and

use CO, to build sugars, lipids, proteins, and other essential building blocks of life.
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Other producer organisms such as cyanobacteria are crucial to life on Earth because they can turn
atmospheric carbon into living matter (Lu and Conrad, 2005; Trumbore, 2006).
Consumers: Herbivorous animals consume these plant form growth and metabolic activity. They use
some of these carbon compounds from food to build their own bodies but much of the food they eat is
broken down to release energy. Carnivorous consume primary consumers and uptake nutrients (Liang
and Balser, 2011)
Decomposers: Plants and animals that die without being eaten by other animals are broken down by
other organisms, called “decomposers.” Decomposers include many bacteria and
some fungi. Decomposers break down the chemical bonds in their food molecules. They create many
chemical products, including in some cases CO2 (Liang and Balser, 2011).
Human Activities: Recently, humans have made some big changes to the Earth’s carbon cycle. By
burning huge amounts of fossil fuels and cutting down roughly half of the Earth’s forests, humans have
decreased the Earth’s ability to take carbon out of the atmosphere, while releasing large amounts of
carbon into the atmosphere that had been stored in solid form as plant matter and fossil fuels (Le Quere
et al., 2009).
Release of phosphorus: Phosphorus is one of the important element for all forms of life. The phosphate
(PO4) makes up an important part of the structural framework that holds DNA and RNA together.
Phosphates are also a critical component of ATP (adenosine triphosphate phosphate ) which is a
cellular energy carrier (Willey et al., 2017). Few microbial strains has capability to solubilize
non-solubilizing phosphorous in soil and as a results increase plant growth and productivity (Deshwal
and Kumar, 2013a). In field study, Chabot et al. (1996) observed that phosphate solubilization by strains
of R. leguminosarum bv. phaseoli, was the most important mechanism of maize and lettuce growth
promotion. Antoun et al. (1998) also found that Bradyrhizobium sp (Lupinus) solubilized phosphate.
Similarly, Dashi et al. (1998) observed that plant growth promoting rhizobacteria solubilized phosphate
and accelerate nodulation, increase nitrogen fixation activity by field grown Glycine max L. Merr. under
short season conditions.
Release sulphur into environment: Sulphur is an essential part of all living cells and Sulphur containing
amino acids are always present in almost all kinds of proteins. The Plants can absorb directly the
sulphur containing amino acids, e.g., cystine, homocysteine, cysteine and methionine. Besides
S-containing amino acids, it is also an important part of growth factors like thiamine, biotin and lipoic
acids (Willey et al., 2017). However these amino acids fulfil only a small proportion or requirements for
sulphur to the plants. To fulfil rest of the requirements of plants, sulphur passes through a cycle of
transformation mediated by microorganisms. Sulphur compounds involved in the sulphur cycle are
H>S, S°, thiosulphate, sulphite (SO3~) and sulphate (SO4~). Most common forms of sulphur are H»S,
S° and SO4~. The greatest reservoir of sulphur in the biosphere is the sulphate in the oceans (Tourna et
al., 2014; Zhao et al., 2017).
®  Source: The major source of sulphur in marine environment is sulphate. While in the lithosphere,
the sulphur is found as sulphate and iron sulphide (FeS). The metal sulphides (FeS) are readily
oxidized to sulphates by both biological and chemical processes (Willey et al., 2017).
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e  Assimilatory sulphate reduction: In most habitats, sulphates are available to plants and
microorganisms which is assimilated into sulphydryl compounds (R-SH) that becomes a part of
biomass of living organism. This reduction process in which sulphate becomes biomass is known
as Assimilatory Sulphate reduction. Various microorganisms and green photosynthetic plants are
involved in the process. Since animals can only uptake the reduced form of sulphur it is an

important step to transfer the S into a food chain (Kumar et al., 2018).

®  Release of H>S: H»S is release to biosphere by both aerobic and anaerobic processes. They can be
either release from decomposition of organic compounds (Desulphurylation) or by reduction of

inorganic sulphate (Dissimilatory sulphate reduction) (Willey et al., 2017; Kumar et al., 2018).
e Oxidation of hydrogen sulphide (H:S) to elemental sulphur: Hydrogen sulphide undergoes

decomposition to produce elemental sulphur by the action of certain photosynthetic sulphur
bacteria. (Kumar et al., 2018; Fuentes-Lara et al., 2019).

e  Oxidation of elemental sulphur to sulphates: Elemental form of sulphur accumulated in soil by
earlier described processes cannot be utilized as such by the plants. It is oxidized to sulphates by
the action of chemolithotrophic bacteria of the family Thiobacteriaceae (Thiobacillus thiooxidans,
Thiobacillus ferroxidans, Thiobacillus denitroficans) (Willey et al., 2017).

Micronutrient and macronutrient iron: Like other micronutrient and macronutrient iron is also

necessary for living organism. Iron is the fourth most abundant element in the earth. Iron oxides,

comprising minerals such as hematite, magnetite and limonite are most abundant of metal oxides in
soil (Schwertmann and Taylor, 1989). Iron is required for large variety of metabolic process in virtually
all organisms (Crichton et al., 1987) except Lactobacilli (Archibald, 1983). In aerobic condition, iron is
present in soil of neutral pH as insoluble ferric hydroxide polymers are not available biologically

(Linhsay, 1979). Most microorganisms have efficient high affinity iron uptake system, to fulfil their

requirements. In this process siderophore; low molecular weight iron (III) chelating agents are

synthesized (Neilands, 1981). Siderophores chelate insoluble iron and solubilize iron and ferric sidero-

phore complex are taken up by the cell through specific membrane receptors (Neilands, 1982).

Plant growth promotion: Plant Growth Promoting Microorganism are beneficial microbes which

provides plant growth and increase soil fertility. These microorganisms release plant growth hormones,

antimicrobial agent like HCN which indirectly kill pathogenic microbes, siderophore etc. Such

microorganisms increase plant growth activity and productivity.

e  Plant growth hormones: Plant growth-promoting rhizobacteria (PGPR) includes a wide variety of
bacterial strains from different taxonomic groups that inhabit plant roots and their rhizosphere.
Different  PGPR  strains can  synthesize = phytohormones  such as  auxin,
ethylene, cytokinin, gibberellin, abscisic acid, jasmonic acid and salicylic acid (Tsukanova et al.,
2017). Plant growth promoting rhizobacteria produce plant growth hormones such as IAA which
enhance the plant growth (Deshwal et al., 2013a; Deshwal and Kumar, 2013b). IAA is well-known
plant growth promoting hormones and 96% symbiotic nitrogen fixing rhizobia produced IAA
(Arora et al., 2001; Deshwal ef al., 2013). Lippman et al. (1995) observed that PGPR could directly
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enhance plant growth by IAA production and increasing nutrient uptake. Noel et al. (1996)
observed under gnotobiotics conditions, a direct growth promotion of the early seedling root,
appears to involve the growth regulators such as IAA and cytokinin. Gibberellins are a group of
hormones that perform various functions in the plant organism. They are the key regulators of
reproductive organ formation and development and ripening of fruit and viable seeds (Plackett
and Wilson, 2016). PGPR can influence the amount of endogenous gibberellin in plants, in a
fashion similar to other hormones. For example, some PGPR strains can synthesize gibberellins
(Bottini et al., 2004; Deshwal et al., 2013).

e  HCN production: Few specific microorganisms produce one hydrogen cyanide (HCN) which has
antimicrobial activity. This is one of the reasons, that plant growth promoting microorganisms.
The HCN producing microorganisms control growth of different type of pathogens (Bagnasco et
al., 1998; Deshwal et al., 2013). Previously, Nautiyal (1997) screened Rhizobium strains, among
isolated 256 bacterial strains Rhizobium NBRI 19513 completely inhibited growth of Fusarium
oxysporum, Rhizoctonia bataticola and Pythium sp. in vitro. Deshwal et al. (2003) observed that HCN
producing Bradyrhizobium strains inhibited the growth of M. phaseolina.

e  Siderophore : Siderophore effectively control the disease chlorosis: The mechanism by which plant
avoid iron (chlorosis) are both more diverse and less investigated than the siderophore mediated
iron up take system of microorganisms. Three strategies of iron assimilation have been identified
in plant (Bienfait, 1989). Strategy I, found in non-gramineous monocots and all dicots, involves
acidification of the rhizosphere, thus increasing iron solubility by approximately 103 per pH unit,
the reduction of Fe3*ion and Fe (III) chelates to Fe2* ion and uptake of Fe (II) occurs. Strategy II,
observed that in graminaceous monocots secretion of iron chelating agent (phytosiderophore) of
mugineic acid family involves (Sugiura et al., 1981) and where as in strategy III, was the uptake of
microbial Fe (III) siderophores take place. Although extensive research has been directed to correct
chlorosis by the applications of available iron compounds to the soil. Hence the, the siderophores
production by rhizobial strains would prove considered as a potential way to improve nodulation

and N fixation in iron deficient conditions (Carson et al., 1992; Deshwal et al., 2013).

Degradation of xenobiotic compounds

Xenobiotics are released into the environment by human activities, and they often cause problems such
as environmental pollution, since most such compounds cannot be readily degraded, and have harmful
effects on human beings and the natural ecosystem. However, some microorganisms that degrade
man-made xenobiotics have been isolated. Most of these aerobic xenobiotics-degrading bacterial strains
use xenobiotics as their sole source of carbon and energy, and thus they are excellent models for
studying the adaptation and evolution of bacteria in the environment. Although plants have the
inherent ability to detoxify some xenobiotic pollutants, they generally lack the catabolic pathway for

complete degradation/mineralization of these compounds compared to microorganisms (Eapen et al.,
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2007). Three major processes such as Biodegradation, Biotransformation, and Co-metabolism are responsible
for degradation of xenobiotic compounds. Microorganisms are perform most of the biodegradation of
both natural products and industrial chemicals. Collectively, microorganisms play a key role in the
biogeochemical cycles of the Earth. The substances transformed (conversion into another form) or
degraded by microorganisms are used as a source of energy, carbon, nitrogen, or other nutrient, or as
final electron acceptor of a respiratory process (Fetzner, 2000).

The “biodegradation” involves the breakdown of organic compounds, usually by microorganisms, into
biomass and less complex compounds, and ultimately to water, carbon dioxide, and the oxides or
mineral salts of other elements present. Further, “Biotransformation” is the metabolic modification of the
molecular structure of a compound, resulting in the loss or alteration of some characteristic properties
of the original compound. “Biotransformation” may effect the solubility, mobility in the environment, or
toxicity of the organic compound. A microbial population growing on one compound may fortuitously
transform a contaminating chemical that cannot be used as carbon and energy source, a process
referred to as 'co-metabolism'. The phenomenon has also been called 'co-oxidation' and 'gratuitous' or
'fortuitous' metabolism. Usually, the primary substrate induces production of (an) enzyme (s) that
fortuitously alter (s) the molecular structure of another compound (Fetzner, 2000; Willey et al., 2017).
Aerobic degradative bacteria of xenobiotics are Pseudomonas, Gordonia, Bacillus, Moraxella, Micrococcus,
Escherichia, Sphingobium, Pandoraea, Rhodococcus, and anaerobic xenobiotics degradative bacteria are
Pelatomaculum, Desulphovibrio, Methanospirillum, Methanosaeta Desulfotomaculum, Syntrophobacter,
Syntrophus (Varsha et al., 2011).

Microbial leaching

In general, bioleaching is a process described as “the dissolution of metals from their mineral sources
by certain naturally occur microorganisms” or the use of microorganisms to transform elements so that
the elements can be extracted from a material when water is filtered through it (Brierley, 1978;
Lundgren and Malouf, 1983). Microbial extraction of metals has been in application for ore leaching for
centuries, though the mechanism remained unknown. Specifically copper was recovered by man as
early as 1000 BC from metal laden waters which passed through copper ore deposits. Specific Bacteria
capable of oxidising Sulphur compounds to sulphuric acid (Devasia ef al., 1993). This was followed by
the isolation of the iron and sulphur oxidising bacteria, Thiobacillus ferrooxidans (now called
Acidithiobacillus  ferrooxidans) to lay the foundation for subsequent research into the role of
microorganisms in leaching. A consortium of microorganisms namely Acidithiobacillus ferrooxidans,
Acidithiobacillus  thiooxidans, Leptospirillum ferrooxidans, Sulpholobus spp. and thermophilic bacteria
including Sulpholobus thermosulphidoxidans and Sulpholobus brierleyi are known to be involved in
bioleaching. Anaerobes would also be found in leaching areas (Devasia et al., 1993; Botero et al., 2007;
Pollmann et al., 2016).

Bioleaching of copper: Biological copper leaching is practiced in many countries including Australia,

Canada, Chile, Mexico, Peru, Russia and the United States of America. Copper recovery from
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bioleaching accounts for about 25% of the world copper production. Following the initial isolation of
Acidithiobacillus ferrooxidans from coalmine water in 1947, studies quickly disclosed its presence in
copper-leaching operations. Acidithiobacillus ferrooxidans is also found in the Malanjkhand Copper
Mines (Devasia et al., 1993; Cornejo et al., 2008).

Bioleaching of uranium: Uranium leaching proceeds by the indirect mechanism as Acidithiobacillus
ferrooxidans does not directly interact with uranium minerals. The role of Acidithiobacillus ferrooxidans in
uranium leaching is the best example of the indirect mechanism (Devasia et al., 1993; Tsuruta, 2007).
Bioliberation of gold: Iron- and sulphur-oxidising acidophilic bacteria are able to oxidise certain
sulphidic ores containing encapsulated particles of elemental gold, resulting in improved accessibility
of gold to complexation by leaching agents such as cyanide. Bio-oxidation of gold ores is a less costly
less polluting alternative to other oxidative pre-treatments such as roasting and pressure oxidation
(Devasia et al., 1993; Natarajan, 1998).

Conclusion

Microbial diversity is variation in microbes on the basis of physical, biological, genetically or
geographical. This diversity play an important role in various diverse ecology where variation in pH,
temperature, aerobic or anaerobic, nutrients, xenobiotic compounds and toxic environment. Microbes
survive unfavourable condition and convert complex, toxic material into simple and non-toxic material.
Further, diverse plant growth promoting microbes increase soil fertility, plant growth and productivity
of essential crops. Such diverse microorganisms are use in agriculture, food and dairy, pharmaceutical,
hospital, cosmetic, mining, environment cleaning, waste management etc. Without microbial diversity,

the world cannot survive.
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