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Description: This course describes the soil environment with diverse microbial population 

responsible for specific functions which aid in maintaining a sustainable soil environment. Some 

of these functions include nitrogen fixation, mineral transformation, decomposition etc. The 

course highlights how microorganisms interact and relate within the soil environment. The 

interaction can be either positive or negative depending on the organisms involved. Additionally, 

the effects of xenobiotics on indigenous soil microorganisms will also be discussed as it poses a 

great threat to microbial population. The course will be taught for 12 weeks after which students 

understanding of the course will be assessed at intervals. 

Prerequisites: Students are required to know the general properties and composition of soil, 

physical and chemical factors that control biological activity in the soil, the population and types 

of micro/macro organisms found in the soil and their specific roles. Also, students are expected 

to have fundamental knowledge on cycling process of nutrients (nitrogen cycle) and other 

minerals, how the different components of the soil environments interact (positive and negative) 

and the detrimental effects of chemicals/pollutants on soil organisms. Furthermore, other 

essential aspects of the course students should be familiar with include Microbiology of 

rhizosphere, production and degradation of biofuels. 

Learning outcomes: At the completion of this course students are expected to: 

i. To appreciate the soil environment and its dynamic biological interactions 

ii. To understand the various the various components of soil and proportion at which they 

occur 

iii. To gain knowledge on the various physico-chemical factors that control the biological 

activities in the soil 

iv. To understand the microbial community structure (diversity and dynamics) and their 

roles in maintaining the soil structure 

v. To understand the various aspects of nitrogen cycle and how nitrogen roles and the role 

of microorganisms in mediating this process. 

vi. To acquire knowledge in the area of ecological relationships amongst microorganisms 

vii. To appreciate the beneficial and detrimental effects of mineral transformation by 

microorganisms. 

 



Assignments: Three (3) individual homework, one group seminar presentation and a mid-term 

test will be administered to students for continuous assessment (C.A.) in this course while a final 

exam will be written at the end of the semester.  The group seminar, a power point presentation 

(ppt) is designed to encourage students work as a team and also master the skills of ppt. The C.A. 

is organized to prepare students for the final exam and also to ascertain how well they have 

understood the course.  

Grading: Students will be graded 100% for both C. A. and final exam. 30% of the total score 

will be allotted to C.A. while the remaining 70% to final exam. C.A. comprises of Group 

Assignment, individual assignment, quiz and power point presentations.  

Textbook: The recommended textbooks for this course are: 

Title:  Principles and Application of Soil Microbiology  

Authors: David M. Sylvia and Jeffry Fuhrmann 

Publisher: Prentice Hall 

ISBN:  978-0130941176 

Year:  2004 

 

Title:  Soil Microbiology, Ecology and Biochemistry  

Author:  Eldor A. Paul 

Publisher: Academic Press  

ISBN:  9780124159556 

Year:  2014 

Other relevant peer reviewed journal articles will also be used as reference materials. 

 

The Soil Environment 

The soil environment which is distinctly different from the underlying bedrock is the outer, loose 

region of the earth’s surface that supports the life of plants and other organisms. Agriculturally, 

soil is the region which supports the plant life by providing mechanical support and nutrients 

required for growth. From the microbiologist view point, soil is one of the most dynamic sites of 

biological interactions in nature.  It is the region where most of the physical, biological and 

biochemical reactions related to decomposition of organic matter, degradation, cycling of 

nutrients, mineral and metal transformation occur 

Components of Soil: 

Soil is a mixture of five major components which include: organic matter, mineral matter, soil-

air, soil water and soil microorganisms/living organisms. Microorganisms although present in 

appreciable numbers in the soil occupy an insignificant portion in the soil (< 1%). The amount/ 

proportion of these components varies with soil type and climatic condition prevalent in the 



environment. The first four components of the soil can be categorized into two major groups : 

solid fraction (soil mineral and organic matter) and soil pores (soil air and soil water) as shown 

in Fig. 1. 

1.         Mineral / Inorganic Matter: This is formed as a result of decomposition, disintegration 

and weathering process of parent rocks and bedrocks. Different types of inorganic compounds 

containing various minerals are present in soil. Amongst them the dominant minerals are Silicon, 

Aluminum and iron and others like Carbon, Calcium Potassium, Manganese, Sodium, Sulphur, 

Phosphorus etc. are in trace amount. The proportion of mineral matter in soil is slightly less than 

half of the total volume of the soil (about 45%) 

2. Organic matter/components: This is obtained from from the organic residues of plants 

and animals deposited in the soil. This component of soil is not only serve as an essential food 

source for microorganisms but also supplies energy for the vital metabolic processes which are 

characteristics of all living organisms. Organic matter in the soil is the potential source of N, P 

and S for plant growth. Microbial decomposition of organic matter releases the unavailable 

nutrients in available from. The proportion of organic matter in the soil ranges from 3-6% of the 

total volume of soil. 

3. Soil Water: The measure of water in soil differs significantly depending on soil type. The 

amount of water that enters the soil is a function of soil structure which in turn is a function of 

texture and higher-order structure i.e. aggregation (e.g. well-aggregated, porous soils allow 

greater infiltration). The movement of water in soil occurs through root channels and holes 

burrowed by animals (worms, an tunnels) through the soil profile. Soil water comes from rain, 

snow, dew or irrigation. Soil water serves as a solvent and carrier of nutrients for the plant 

growth. The microorganisms inhabiting in the soil also require water for their metabolic 

activities. Soil water thus, indirectly affects plant growth through its effects on soil and 

microorganisms. Percentage of soil-water is 25% total volume of soil.  

Soil air (Soil gases): A part of the soil volume which is not occupied by soil particles i.e. pore 

spaces are filled partly with soil water and partly with soil air. These two components (water and 

air) together only accounts for approximately half the soil's volume. Compared with atmospheric 

air, soil is lower in oxygen and higher in carbon dioxide, because CO2 is continuously recycled 

by the microorganisms during the process of decomposition of organic matter. Soil air comes 

from external atmosphere and contains nitrogen, oxygen CO2 and water vapour (CO2 > oxygen). 

CO2 in soil air (0.3-1.0%) is more than atmospheric air (0.03%). Soil aeration plays important 

role in plant growth, microbial population, and microbial activities in the soil. 



 

Fig. 1 Composition of soil 

4 Soil microorganisms: Soil is an excellent culture media for the growth and development 

of various microorganisms. Soil is not an inert static material but a medium pulsating with life. 

Soil is now believed to be dynamic or living system. Soil contains several distinct groups of 

microorganisms and amongst them bacteria, fungi, actinomycetes, algae, protozoa and viruses 

are the most important. But bacteria are more numerous than any other kinds of microorganisms. 

Microorganisms form a very small fraction of the soil mass and occupy a volume of less than 

one percent. In the upper layer of soil (top soil up to 10-30 cm depth i.e. Horizon A), the 

microbial population is very high which decreases with depth of soil. Each organisms or a group 

of organisms are responsible for a specific change / transformation in the soil. The final effect of 

various activities of microorganisms in the soil is to make the soil fit for the growth & 

development of higher plants.  

Living organisms present in the soil are grouped into two categories as follows. 

1. Soil flora (micro flora) e.g. Bacteria, fungi, Actinomycetes, Algae and 

2. Soil fauna (micro fauna) animal like eg. Protozoa, Nematodes, earthworms, moles, ants, 

rodents. 

Relative proportion / percentage of various soil microorganisms are: Bacteria-aerobic (70%), 

anaerobic (13 %), Actinomycetes (13%), Fungi /molds (03 %) and others (Algae Protozoa 

viruses) 0.2-0.8 %. Soil organisms play key role in the nutrient transformations. 

 



Some Physico-chemical Factors that Control Biological Activity in the Soil 

Texture 

Soil texture is defined as the distribution of sand (0.05-2.0 mm), silt (0.002-0.05mm), and clay ( 

< 0.002mm) in soil. Soil texture indirectly influences properties such as: water holding capacity, 

porosity, aeration and nutrient availability. Clay particles have a very high surface to volume 

ratio, which makes them very chemically active and have high nutrient availability. Due to the 

adhesion of water, soils high in clay will also have a high water holding capacity. Soils with a 

high clay content will often have a very active microbial community, especially in areas of the 

rhizosphere. 

Temperature 

Soil temperature changes with depth: the surface soil (~0-20cm) is highly affected by the solar 

radiation. Moving deeper (~below 27cm) temperatures are very stable over time (see figure 5). 

This is because heat moves in soil mainly by conduction (Heat conduction (or thermal 

conduction) is the movement of heat from one solid to another one that has different temperature 

when they are touching each other), which does not allow much heat to reach deep in the soil 

profile. Soil temperature is also affected by the soil color, soil cover, and the water content of the 

soil. A darker soil can absorb more heat compared to lighter color soil. A dry soil is more easily 

heated than a wet one due to the higher heat capacity of water. Heat moving in soil is analogous 

to the movement of water. Generally, the higher the temperature, the more active microbes are, 

with microbial activity typically doubling with a 10° rise in temperature. However, some bacteria 

thrive at very low temperatures (psychrophiles) and very high temperatures (extremophiles). 

pH 

pH change in soils is due to both biotic and abiotic processes. Microbes consume and release H+ 

through redox reactions and fermentation. Abiotic processes such as rainfall can also affect the 

pH of the soil. In areas of high rainfall, acidic soils can be created through leaching of bases from 

the soil, while more basic soils are typically located in arid environments. pH affects microbial 

diversity because many microbial species cannot tolerate extreme levels of pH (high or low). 

Alterations in pH can render essential microbe enzymes inactive and/or denature proteins within 

the cells and prevent microbial activity from occurring. However, there are microbes that can 

withstand extreme pH environments. At pH below 5, fungi and acidophilic bacteria have a 

competitive advantage over other bacteria that thrive at a more neutral pH.  

Oxygen 

Oxygen (O2) is a very important component of the productivity of both microbes and plant roots. 

Oxygen has a very high electrical potential (Eh), meaning that it has a lot of potential to produce 

energy when used as an electron acceptor in an oxidation-reduction reaction. An example 



oxidation-reduction reaction can be seen in equation 1, where glucose is being oxidized, and 

oxygen is being reduced. 

6O2+C6H12O6→6CO2+6H2O  (eq.1) 

In areas where oxygen is not present, soil microbes may use alternative electron acceptors such 

as nitrate, manganese, iron, sulfate, and carbon dioxide. An example of the result of the use of an 

alternative electron acceptor 

Bioavailability 

Bioavailability assesses what proportion of a contaminant present at a contaminated site is 

available for uptake by organisms. Bioavailability processes are the biological, chemical and 

physical processes that result in an organism being exposed to a contaminant present in the soil. 

These processes are: release of the contaminant from the solid phase, transport of the 

contaminant to and across a biological membrane and, incorporation into a living organism. 

Bioavailable molecules must cross a biological membrane, which means the molecules have to 

interact with the aqueous phase. Therefore, soil properties which control partitioning between the 

solid phase in soil and the pore water, such as pH, organic matter content, Eh, cation exchange 

capacity (CEC), and the concentration of clay minerals, have a significant impact on 

bioavailability. Increasing exchange sites aids the retention of molecules in the pore water in a 

bioavailable form, but molecules sorbed strongly to surfaces or in solid form are generally not 

bioavailable. 

Other factors include: 

i. Salinity 

ii. Cation exchange capacity 

iii. Redox reactions 

Microbial flora and fauna 

Microfauna refers to microscopic organisms that exhibit animal-like qualities. Microfauna are 

represented in the animal kingdom (e.g., nematodes, small arthropods) and theprotist kingdom 

(i.e., protozoans). This is in contrast to microflora which, together with microfauna, make up the 

microzoa. Microfauna are present in every habitat on Earth. They fill essential roles as 

decomposers and food sources for lower trophic levels, and are necessary to drive processes 

within larger organisms. One particular example of the role of microfauna can be seen in soil, 

where they are important in the cycling of nutrients in ecosystems. Soil microfauna are capable 

of digesting just about any organic substance, and some inorganic substances (such as TNT and 

synthetic rubber). These organisms are often essential links in the food chain between primary 

producers and larger species. For example, zooplankton are widespread microscopic animals and 

protists which feed on algae and detritus in the ocean. They include foraminifora and krill, which 



are the primary food source for even animals such as whales. Microfauna also aid in digestion 

and other processes in larger organisms.  

Protozoa in soil 

Most soil protozoa are flagellates or amoebas; the number per gram of soil ranges from a few 

hundred to several hundred thousand in moist soils rich in organic matter. They are larger than 

bacteria and are abundant in surface soil. Their dominant mode of nutrition involves ingestion of 

bacteria. They can withstand adverse soil conditions as they are characterized by "cyst stage" in 

their life cycle. Most of them reproduce asexually by binary fission. Most of the soil protozoa 

possess flagella, cillia or pseudopodia as their locomotive organ. Depending upon the type of 

locomotion, protozoa can be classified as four different classes: rhizopoda, mastigophora, 

ciliophora, and sporophora. 

Microflora 

The microflora of a soil is an intimate part of soil organic matter; in fact, much of the colloidal 

portion of humus consists of living and dead microbial cells or their disintegrating residues. The 

quantity and characteristics of organic matter in any given soil are therefore dependent on the 

nature of the microflora and their biochemical transformations that no discussion of the role of 

soil organic matter in plant growth would be complete without a consideration of this microflora 

population. Four groups of organisms, other than viruses, constitute the microflora population of 

soil. These are bacteria, actinomycetes, fungi, and algae. Each of these groups is made up of 

many genera and hundreds of species. Bacteria constitute the most abundant group of 

microorganisms in soil, and they are also the smallest living organisms, apart from viruses that 

live in the cells of other organisms. Actinomycetes occur in soils in numbers ranging up to a high 

of about 200 million per gram, which makes them second only to the true bacteria. The fungal 

population of soils constitutes a very heterogeneous group of organisms. Algae are found in 

nearly all cultivated soils in numbers that vary from a few hundred to several million per gram. 

In the case of fungi and actinomycetes, numbers have little meaning as algae vary so greatly in 

morphology and the rate of growth. 

Soil Bacteria 

The bacterial population of the soil exceeds the population of all other groups of microorganisms 

in both number and variety. Bacterial population is one-half of the total microbial biomass in the 

soil ranging from 1,00000 to several hundred millions per gram of soil, depending upon the 

physical, chemical and biological conditions of the soil. Bacteria are also classified on the basis 

of physiological activity or mode of nutrition, into two groups, i.e., autotrophs and heterotrophs. 

Autotrophic bacteria are capable of synthesizing their food from simple inorganic nutrients. They 

are of two types, i.e., photoautotrophs (Chromatrum, Chlorobium), which utilize CO2 as carbon 

source and derive energy from sunlight and chemoautotrophs (Nitrobacter,Nitrosomonas), which 

utilize CO2 as carbon source and derive energy from the oxidation of simple inorganic 



substances present in soil. Herterotrophic bacteria derive their carbon and energy from complex 

organic matter, decaying roots and plant residues. Most of the bacteria present in soil are 

heterotrophic in nature. Both aerobic and anaerobic bacteria are present in soil. The majority of 

the beneficial soil-dwelling bacteria need oxygen and therefore aerobic in nature, whilst those 

that do not require air are referred to as anaerobic, and tend to cause putrefaction of dead organic 

matter.  It is generally agreed that there are many species of bacteria in soil are yet to be 

discovered. 

Bacteria bring about a number of changes and biochemical transformations in the soil and 

thereby directly or indirectly help in the nutrition of higher plants growing in the soil. The 

important transformations and processes in which soil bacteria play vital role are: decomposition 

of cellulose and other carbohydrates, ammonification, nitrification, denitrification, biological 

fixation of atmospheric nitrogen, oxidation and reduction of sulphur and iron compounds. 

Soil fungi 

More than hundreds of different species of fungi inhabit the soil. Fungi perform important 

functions within the soil in relation to nutrient cycling, disease suppression and water dynamics, 

all of which help plants become healthier and more vigorous. Fungi exist in both the mycelial 

and spore stage. Soil fungi are microscopic plant-like cells that grow in long threadlike structures 

or hyphae that make a mass called mycelium. The mycelium absorbs nutrients from the roots it 

has colonised, surface organic matter or the soil. From the mycelia the fungi is able to throw up 

its fruiting bodies, the visible part above the soil (e.g., mushrooms), which may contain millions 

of spores. When the fruiting body bursts, these spores are dispersed through the air to settle in 

fresh environments, and are able to lie dormant for some years until the right conditions for their 

activation arise. The physical structure of soil is improved by the accumulation of mold 

mycelium within it. 

       Fungi are active in decomposing the major constituents of plant tissues namely cellulose, 

lignin and pectin. Saprophytic fungi convert dead organic matter into fungal biomass, carbon 

dioxide and organic acids. These fungi have enzymes that work to "rot" or "digest" the cellulose 

and lignin found in the organic matter, with the lignin being an important source of carbon for 

many organisms. Without their digestive activities, organic material would continue to 

accumulate until the forest became a huge rubbish dump of dead leaves and trees.  By consuming 

the organic matter fungi play an important role in immobilising and retaining nutrients in the 

soil. 

Soil algae 

Algae population in soil is generally smaller than that of either bacteria or fungi. Their number in 

soil usually ranges from 100 to 10,000 per gram of soil. They are photoautotrophic, aerobic 

organisms and obtain CO2 from atmosphere and energy from sunlight and synthesize their own 

food. Their photosynthetic nature accounts for their predominance on the surface or just below 



the surface layer of soil. On bare and fretted land, algae initiate the accumulation of organic 

matter because of their ability to carry out photosynthesis and other metabolic activities. The 

major types of algae are present in the soil are green algae and diatoms. 

Cyanobacteria, also known as blue green algae are the unicellular, oxygenic photosynthetic 

prokaryotes grow on the surface of freshly exposed rocks where the accumulation of their cells 

result in simultaneous deposition of organic matter. This gives a nutrient base that will support 

growth of other bacterial species. Unlike bacteria, which are heterotrophic decomposers of the 

wastes and bodies of other organisms, cyanobacteria contain the green pigment chlorophyll (as 

well as other pigments), which traps the energy of sunlight and enables these organisms to carry 

on photosynthesis.       Most of the soil algae, especially blue-green algae act as cementing agent 

in binding soil particles and thereby prevent soil erosion. In un-cropped soil, soil algae check the 

loss of nitrates through leaching and drainage. They liberate large quantity of oxygen through 

photosynthesis in the soil environment and thus facilitate the aeration in submerged soils. In 

tropical soils, soil algae maintain soil fertility.  

       Most of the soil algae, especially blue-green algae act as cementing agent in binding soil 

particles and thereby prevent soil erosion. In un-cropped soil, soil algae check the loss of nitrates 

through leaching and drainage. They liberate large quantity of oxygen through photosynthesis in 

the soil environment and thus facilitate the aeration in submerged soils. In tropical soils, soil 

algae maintain soil fertility. 

 

NITROGEN CYCLE 

The nitrogen cycle is the biogeochemical cycle by which atmospheric nitrogen is converted into 

multiple chemical forms as it circulates among the atmosphere, terrestrial, and marine 

ecosystems. The conversion of nitrogen can be carried out through both biological and physical 

processes. Important processes in the nitrogen cycle include fixation, ammonification, 

nitrification, and denitrification. The majority of Earth's atmosphere (78%) is nitrogen, making it 

the largest source of nitrogen. However, atmospheric nitrogen has limited availability for 

biological use, leading to a scarcity of usable nitrogen in many types of ecosystems. The nitrogen 

cycle is of particular interest to ecologists because nitrogen availability can affect the rate of key 

ecosystem processes, including primary production and decomposition. There are four processes 

involved in the cycling of nitrogen through the biosphere and these processes are carried out by 

microorganisms. They are: 

Nitrogen Fixation 

The nitrogen molecule (N2) is quite inert. To break it apart so that its atoms can combine with 

other atoms requires the input of substantial amounts of energy. 



Three processes are responsible for most of the nitrogen fixation in the biosphere: 

• atmospheric fixation by lightning 

• industrial fixation 

• biological fixation by certain microbes — alone or in a symbiotic relationship with some 

plants and animals 

Atmospheric Fixation 

The enormous energy of lightning breaks nitrogen molecules and enables their atoms to combine 

with oxygen in the air forming nitrogen oxides. These dissolve in rain, forming nitrates, that are 

carried to the earth. 

Atmospheric nitrogen fixation probably contributes some 5– 8% of the total nitrogen fixed. 

Industrial Fixation 

Under great pressure, at a temperature of 600°C, and with the use of a catalyst, atmospheric 

nitrogen and hydrogen (usually derived from natural gas or petroleum) can be combined to form 

ammonia (NH3). Ammonia can be used directly as fertilizer, but most of its is further processed 

to urea and ammonium nitrate (NH4NO3). 

Biological Fixation 

The ability to fix nitrogen is found only in certain bacteria and archaea. The microbial ecosystem 

is the sum of the biotic and abiotic components of soil. It includes the total microbial flora 

together with the physical composition and physical characteristics of the soil. The 

microorganisms that inhabit the soil exhibit many different types of interactions or associations. 

Some interactions are indifferent or neutral; while some are positive and some are negative in 

nature. The associations existing between different soil microorganisms, whether of a symbiotic 

or antagonistic nature, influence the activities of microorganisms in the soil. 

• Some live in a symbiotic relationship with plants of the legume family (e.g., soybeans, 

alfalfa). 

• Some establish symbiotic relationships with plants other than legumes (e.g., alders). 

• Some establish symbiotic relationships with animals, e.g., termites and "shipworms" 

(wood-eating bivalves). 

• Some nitrogen-fixing bacteria live free in the soil. 

• Nitrogen-fixing cyanobacteria are essential to maintaining the fertility of semi-aquatic 

environments like rice paddies. 



Biological nitrogen fixation requires a complex set of enzymes and a huge expenditure of ATP. 

Although the first stable product of the process is ammonia, this is quickly incorporated into 

protein and other organic nitrogen compounds. 

 

Fig. 2 Biological nitrogen fixation 

Ammonification  

The proteins made by plants enter and pass through food webs just as carbohydrates do. At each 

trophic level, their metabolism produces organic nitrogen compounds that return to the 

environment, chiefly in excretions. The final beneficiaries of these materials are microorganisms 

of decay. They break down the molecules in excretions and dead organisms into ammonia. 

 

Fig. 3 Flow diagram of the different nitogen fixation processes 

 

 



Nitrification 

Ammonia can be taken up directly by plants — usually through their roots. However, most of the 

ammonia produced by decay is converted into nitrates. Until recently this was thought always to 

be accomplished in two steps: 

• Bacteria of the genus Nitrosomonas oxidize NH3 to nitrites (NO2−). 

• Bacteria of the genus Nitrobacter oxidize the nitrites to nitrates (NO3−). 

These two groups of autotrophic bacteria are called nitrifying bacteria. Through their activities 

(which supply them with all their energy needs), nitrogen is made available to the roots of plants. 

However, in 2015, two groups reported finding that bacteria in the genus Nitrospira were able to 

carry out both steps: ammonia to nitrite and nitrite to nitrate. This ability is called "comammox" 

(for complete ammonia oxidation). 

In addition, both soil and the ocean contain archaeal microbes, assigned to the Crenarchaeota, 

that convert ammonia to nitrites. They are more abundant than the nitrifying bacteria and may 

turn out to play an important role in the nitrogen cycle. 

Many legumes, in addition to fixing atmospheric nitrogen, also perform nitrification — 

converting some of their organic nitrogen to nitrites and nitrates. These reach the soil when they 

shed their leaves. 

Denitrification 

The three processes above remove nitrogen from the atmosphere and pass it through ecosystems. 

Denitrification reduces nitrates and nitrites to nitrogen gas, thus replenishing the atmosphere. In 

the process several intermediates are formed: 

• nitric oxide (NO) 

• nitrous oxide (N2O)(a greenhouse gas 300 times as potent as CO2) 

• nitrous acid (HONO) 

Once again, bacteria are the agents. They live deep in soil and in aquatic sediments where 

conditions are anaerobic. They use nitrates as an alternative to oxygen for the final electron 

acceptor in their respiration. 

 



 

Fig. 4 Nitrogen Cycle 

MINERAL TRANSFORMATION BY MICROORGANISMS 

Minerals are naturally occurring inorganic solids of definite chemical composition with an 

organized internal structure. Rocks can be considered to be a solid mass of minerals or mineral-

like material. Silicates constitutes the most common on earth with over >90%  of the earth crust. 

Rocks and minerals are the major reservoir of essential elements required for life and these 

elements must be released in forms that can be readily absorbed by the biota. These include 

essential metals and nutrients such as Sulphur (S) and phosphorus (P).  

Weathering of rocks and minerals occur as a result of physical, chemical and biological 

mechanisms. For minerals, metal-microbe interaction are mostly involved. This type of activity 

of microbes in rocks and mineral deterioration can be termed bioweathering. Majority of 

minerals contain metals and there can be a range of mineral types for each metal at varying 

distribution in the environment. For example manganese is a major and minor component of 

more than 100 naturally occurring minerals. Also, metals may be common components of many 

minerals as impurities from natural and industrial sources. Microbes affect the ability to interact 

with minerals affect their structure by mechanical and biochemical mechanisms. 

Microbes are involved in the formation and deterioration of minerals including those produced 

biogenically.  

 

 



Mineral Formation 

The process by which organisms form minerals is referred to as biomineralization. Mineral 

synthesis/formation can be grouped into biologically induced mineralization and biologically 

controlled mineralization. Biomineralization is an example of biologically induced 

mineralization. This can result from microbial oxidation or reduction of metal species.  

Mineral Biodeterioration 

Mineral biodeterioration involves both direct and indirect physical, chemical and biochemical 

mechanisms. Biomechanical deterioration of rocks and minerals can occur through penetration, 

boring and burrowing into decaying materials and along crystal planes.  

Environmental and Applied Significance of Mineral-Metal-Microbe Interactions 

1. Bioleaching of Metals from ores 

2. Biocorrosion of metals 

3. Bioweathering of Rocks and Minerals: Soil Formation 

4. Bioremediation 

5. Biotechnology 

6. Bioprocessing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


