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What are microbes?

• A microorganism, or microbe, is a microscopic organism, 
which may exist in its single-celled form or a colony of cells. ... 

• The third domain Eukaryota includes all multicellular organisms 
and many unicellular protists and protozoans. 

• Some protists are related to animals and some to green plants.

• The major groups of microorganisms—namely bacteria, 
archaea, fungi (yeasts and molds), algae, protozoa, 
and viruses



• Microbiology is the study of microbes, which affect almost every aspect of life on 
the earth. In addition, there are huge commercial and medicinal benefits in 
understanding microbes. The application of this understanding is known as 
applied microbiology. There are many different types of applied microbiology 
which can be briefly defined as follows:

• Medical Microbiology

• Pharmaceutical Microbiology

• Industrial Microbiology

• Microbial Biotechnology

• Food Microbiology and Dairy Microbiology

• Applied microbiology –

Fermentation: One of the oldest and well-known examples of applied microbiology 
is fermentation. In this picture the large tanks are being used for the fermentation 
of grapes to make wine.



Agricultural Microbiology
The study of agriculturally relevant microorganisms. This field can be further 
classified into the following subfields:

• Plant microbiology and Plant pathology – The study of the interactions between 
microorganisms and plants and plant pathogens.

• Soil microbiology – The study of those microorganisms that are found in soil.

• Veterinary microbiology – The study of the role in microbes in veterinary 
medicine or animal taxonomy.

• Environmental microbiology – The study of the function and diversity of microbes 
in their natural environments. This involves the characterization of key bacterial 
habitats such as the rhizosphere and phyllosphere, soil and groundwater 
ecosystems, open oceans or extreme environments (extremophiles). 
• This field includes branches of microbiology such as: Microbial ecology (microbially-mediated 

nutrient cycling), Geomicrobiology, (microbial diversity), Water microbiology (the study of 
those microorganisms that are found in water), Aero-microbiology (the study of airborne 
microorganisms) and Epidemiology (the study of the incidence, spread, and control of 
disease).



Importance of microbes in the World

• Not every microbe can survive in all habitats, though. Each type of microbe 
has evolved to live within a narrow range of conditions. 

• Although the vast majority of microbial diversity remains undetermined, it 
is globally understood that the effects of microorganisms on their 
environment can be beneficial. 

• The beneficial effects of microbes derive from their metabolic activities in 
the environment, their associations with plants and animals, and from their 
use in food production .

• They are found in every conceivable habitat, from the soil that we use to 
grow our food to our digestive systems that we use to digest our food. To 
survive and reproduce in any habitat, microbes must be able to obtain 
energy, deal with toxins, and handle competitors and predators.



How Microbes look like?



Different Size, Shape and Arrangement of Bacterial Cells

• Bacteria are prokaryotic, unicellular microorganisms, which lack chlorophyll
pigments.

• The cell structure is simpler than that of other organisms as there is no
nucleus or membrane bound organelles.

• Due to the presence of a rigid cell wall, bacteria maintain a definite shape,
though they vary as shape, size and structure.

• When viewed under light microscope, most bacteria appear in variations of
three major shapes: the rod (bacillus), the sphere (coccus) and the spiral
type (vibrio).

• In fact, structure of bacteria has two aspects, arrangement and shape.
• Arrangement may Paired (diplo), Grape-like clusters (staphylo) or Chains (strepto). 
• Shape may principally be Rods (bacilli), Spheres (cocci), and Spirals (spirillum).



Size of Bacterial Cell
• The average diameter of spherical bacteria is 0.5-2.0 µm. For rod-shaped or filamentous 

bacteria, length is 1-10 µm and diameter is 0.25-1 .0 µm.



Size of Bacterial Cell
• E. coli , a bacillus of about average size is 1.1 to 1.5 µm wide by 2.0 to 

6.0 µm long.

• Spirochaetes occasionally reach 500 µm in length and the 
cyanobacterium

• Oscillatoria is about 7 µm in diameter.

• The bacterium, Epulosiscium fishelsoni , can be seen with the naked 
eye (600 µm long by 80 µm in diameter).

• Few bacteria are much larger than the average eukaryotic cell (typical 
plant and animal cells are around 10 to 50 µm in diameter).



Shape of Bacterial Cell
• The three basic bacterial shapes are coccus (spherical), 

bacillus (rod-shaped), and spiral (twisted), however 
pleomorphic bacteria can assume several shapes.

• Shape of Bacterial Cell

• Cocci (or coccus for a single cell) are round cells, 
sometimes slightly flattened when they are adjacent to 
one another.

• Bacilli (or bacillus for a single cell) are rod-shaped 
bacteria.

• Spirilla (or spirillum for a single cell) are curved bacteria 
which can range from a gently curved shape to a 
corkscrew-like spiral. Many spirilla are rigid and 
capable of movement. A special group of spirilla known 
as spirochetes are long, slender, and flexible.



Arrangement of Bacterial cell

• Cocci: Cocci bacteria can exist singly, in pairs (as diplococci ), in groups 
of four (as tetrads ), in chains (as streptococci ), in clusters (as 
stapylococci ), or in cubes consisting of eight cells (as sarcinae). 

• Cocci may be oval, elongated, or flattened on one side. 

• Cocci may remain attached after cell division. These group 
characteristics are often used to help identify certain cocci.

1. Diplococci

• The cocci are arranged in pairs.



2. Streptococci
• The cocci are arranged in chains, as the cells divide in one plane.

Examples: Streptococcus pyogenes, Streptococcus agalactiae

Scanning Electron Microscopes (SEM), Transmission Electron Microscopes (TEM), and Light Microscopes (LM) images



3. Tetrads
• The cocci are arranged in packets of four cells, as the cells divide in 

two plains.

• Examples: Aerococcus, Pediococcus and Tetragenococcus



4. Sarcinae
• The cocci are arranged in a cuboidal manner, as the cells are formed by 

regular cell divisions in three planes. Cocci that divide in three planes and 
remain in groups cube like groups of eight.

• Examples: Sarcina ventriculi, Sarcina ureae, etc.



5. Staphylococci
• The cocci are arranged in grape-like clusters formed by irregular cell 

divisions in three plains.

• Examples: Staphylococcus aureus



Arrangement of Bacilli
• The cylindrical or rod-shaped bacteria 

are called ‘bacillus’ (plural: bacilli).

1. Diplobacilli
• Most bacilli appear as single rods. 

Diplobacilli appear in pairs after division.

Example of Single Rod: Bacillus cereus

Examples of Diplobacilli: Coxiella burnetii, 
Moraxella bovis, Klebsiella 
rhinoscleromatis



2. Streptobacilli

• The bacilli are arranged in chains, as the cells divide in one plane.

Examples: Streptobacillus moniliformis



3. Coccobacilli
• These are so short and stumpy that they appear ovoid. They look like 

coccus and bacillus.

• Examples: Haemophilus influenzae, Gardnerella vaginalis, 
and Chlamydia trachomatis



4. Palisades

• The bacilli bend at the points of division following the cell divisions, 
resulting in a palisade arrangement resembling a picket fence and 
angular patterns that look like Chinese letters.

• Example: Corynebacterium diphtheriae



Arrangement of Spiral Bacteria

1. Vibrio
• They are comma-shaped bacteria with less than one complete turn or twist in the 

cell.

• Example: Vibrio cholerae



2. Spirilla

• They have rigid spiral structure. Spirillum with many turns can 
superficially resemble spirochetes. They do not have outer sheath and 
endoflagella, but have typical bacterial flagella.

• Example: Campylobacter jejuni, Helicobacter pylori, Spirillum 
winogradskyi, etc.



3. Spirochetes
• Spirochetes have a helical shape and flexible bodies. Spirochetes move by 

means of axial filaments, which look like flagella contained beneath a flexible 
external sheath but lack typical bacterial flagella.

Examples: Leptospira species (Leptospira interrogans), Treponema 
pallidum, Borrelia recurrentis, etc.



Others Shapes and Arrangements of Bacteria
1. Filamentous Bacteria

• They are very long thin filament-shaped bacteria. Some of them form 
branching filaments resulting in a network of filaments called 
‘mycelium’.

Example: Candidatus Savagella



2. Star Shaped Bacteria

• Example: Stella



3. Rectangular Bacteria
• Examples: Haloarcula spp (H. vallismortis, H. marismortui)



4. Pleomorphic Bacteria
• These bacteria do not have any characteristic shape unlike all others 

described above. They can change their shape. In pure cultures, they can 
be observed to have different shapes.

• Examples: Mycoplasma pneumoniae, M. genitalium, etc



Summary



Video link to know about the Microbial World

• https://www.youtube.com/watch?v=ycO-oWYvaQI



Thanks
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The Cell Wall
• Beneath to the external structures and external to the 

cytoplasmic membrane is the cell wall.

• It is rigid structure and give shape to the cell. 
• Its main function to prevent the cell form expanding and 

eventually bursting because of uptake of water since most 
bacterial line in hypotonic environments.
Hypotonic environment- Having lower osmotic pressure than 
exists with in the bacterial cells.

• To obtain isolated cell walls for analysis bacterial must be 
disintegrated by sonic ultrasonic treatments or by exposure to 
extremely high pressure with subsequent sudden release of 
pressure. Then broken cell wall are then separated from the 
rest of the components of the cell.



In general

• The wall of Gram-ve sp. are generally thinner 
than those of Gram +ve sp. (20 to 25nm)

• Even the walls of Gram-ve archaeobacteria are 
also thinner than those of Gram +ve
archaeobacteria.

• Bacterial cell walls are usually essential for the 
bacterial growth and division.



Cell Wall Composition
• In bacteria, the shape- determining part of the cell wall is largely peptidoglycan

(sometimes called murien).

• It is insoluble, porous, cross linked polymer of enormous strength and rigidity.

• Peptidoglycan differs some what in composition and structure form one species 
to another but basically a polymer of 
– N acetylgucosamime,
– N-acetylmuramic acid, 
– L-alenine, 
– D-alenine, 
– D-glutamate and 
– Di Amino acids.

• Peptidoglycan is tough polymer but remain dynamic state and can be degraded 
by hydrolytic enzymes so that new polymer can be formed.



Walls of Prokaroytes /Archaeobacteria

• Most prokaroytes/archaebacteria possess cell 
walls these do not contain peptidoglycan and 
cell wall structure is different the that of 
eubacteria.

• Their walls are usually composed of proteins, 
glycoproteins or poly saccharides.

• Cell wall of Methanobacterium composed of 
pseudomurein.



Walls of Gram +ve and Gram -ev

• Gram +ve (240 Å thick) bacteria have much greater amount of 
peptidoglycan in cell wall than Gram –ve bacteria. It also contain 
teichoic acids, polymers of glycerol or ribitol, inked by phosphates 
groups containing amino acids & sugars.

• The walls of most of Gram +ve bacteria contain very little lipids. 
Some mycobacterium, corynebactrium are rich in lipids called 
mycoloc acid.

• Other substances may occur in addition to peptidoglycan. 
For example

Streptococus pyogenes contain polysaccharides that are covalently 
linked to the peptidoglycan.

The walls of staphylocccous aurens and streptcoccus facalies contain 
teichoic acid polymers of ribilot phosphates or glycerol phosphates.

Walls of Gram +ve



Walls of Gram-ve
• Gram-ve (145 Å thick) bacteria are little complex then those 

of Gram +ve bacteria.
• Most important difference is the presence of an outer 

membrane.
• Because of this outer membrane Gram-ve bacteria are rich 

in lipids.
• Outer membrane serves as impermeable of important 

enzymes.
• Outer membrane also serves as barrier to various external 

chemicals and enzymes to present from damage.
• Outer membrane enclosing a periplasmic space which 

contains enzymes involved in nutrient acquisition and from 
toxins



Diagram showing difference between 
Gram –ve and Gram +ve cell wall



Summary 

Difference between 
Gram –ve and Gram +ve cell wall



The Gram positive cell wall
• The Gram positive cell wall is characterized by the

presence of a very thick peptidoglycan layer, which is
responsible for the retention of the crystal violet dyes
during the Gram staining procedure.

• Embedded in the Gram positive cell wall are polyalcohols
called teichoic acids, some of which are lipid-linked to
form lipoteichoic acids.

• Because lipoteichoic acids are covalently linked to lipids
within the cytoplasmic membrane they are responsible for
linking the peptidoglycan to the cytoplasmic membrane.

• Teichoic acids give the Gram positive cell wall an overall
negative charge due to the presence of phosphodiester
bonds between teichoic acid monomers.



The Gram negative cell wall

• Gram negative cell wall contains a thin peptidoglycan
layer adjacent to the cytoplasmic membrane.

• This is responsible for the cell wall's inability to retain the
crystal violet stain upon decolourisation with ethanol
during Gram staining.

• In addition to the peptidoglycan layer, the Gram negative
cell wall also contains an outer membrane composed by
phospholipids and lipopolysaccharides, which face into
the external environment.

• As the lipopolysaccharides are highly-charged, the Gram
negative cell wall has an overall negative charge. The
chemical structure of the outer membrane
lipopolysaccharides is often unique to specific bacterial
strains and is responsible for many of the antigenic
properties of these strains.



Cytoplasmic Membrane

• Beneath the cell wall is the cytoplasmic 
membrane. It is approximately 7.5 nm thick 
and primarily of phospholipids and proteins.

Diagram of cytoplasmic membrane



Structure of cytoplasmic membrane

• Integral protein- It is tenaciously help in 
cytoplasmic membrane. Peripheral protein-
Loosely attached

The lipid matrix of the membrane has fluiding, 
allowing the completes to move around 
laterally.



Protoplasts

• A protoplast is that portion a bacterial cell 
consulting of the cytoplasmic membrane and 
the cell material bounded to it.

• Protoplasts can be prepared from Gram +ve
bacteria by treating the cells with an enzyme 
such as lysozymes. In the absent rigid cell wall, 
nothing can present by containing expansion 
and eventual bursting of a protoplast.



Cytoplasm

• Cell material bounded by cytoplasmic may be 
divided in to :-

Cytoplasmic area- It is granular in appearance 
and rich in the macromolecular RNA protein 
bodies known as ribosomes on which protein 
are synthesized. 

Chromatinic area- rich in DNA.
The fluid protein with dissolved substance.



Ribosomes
• Prokaryotes only have ribosomes, which are not bound by a membrane.

• Ribosomes are free in cytoplasm but those who are involved in the synthesis of 
proteins to be transported associated with the cytoplasmic membrane

• Ribosomes are composed of ribosomal RNA (rRNA) and protein.

• Bacterial ribosomes are composed of two subunits with sedimentation rates of 
50S and 30S, as opposed to 60S and 40S in eukaryotic cells.

• Ribosomes function as a workbench for protein synthesis whereby they receive 
and translate genetic instructions for the formation of specific proteins.

• During translation, specific tRNA molecules pick up specific amino acids, 
transfer those amino acids to the ribosomes, and insert them in their proper 
place according to the mRNA "message.“

• Many antibiotics bind to either the 30S or the 50S subunit of bacterial 
ribosomes, interfering with translation and thereby causing faulty protein 

synthesis. 



Nuclear material
• Bacterial cell contain neither a distinct 

membrane enclosed nucleus nor a mitotic 
apparatus.

• In the centre of the cell nuclear material 
remain these and regards as a nuclear and DNA 
confined to this area.

• This nebulous structure has been designed as 
nucleoid, chromatin body, nuclear equivalent 
or bacterial chromosome.

• This nuclear material is having dividing or 
growing trend.



Spores and cysts
• Certain species of bacteria produces spores, either within the cell i.e. 

Endospores or external to the cell i.e. Exospores. 
• The spores are metabolically dormant form.
• This spores under appropriate conditions can undergo germination and 

outgrowth to form vegetable cell.
•
• Endospores

- They are thick walled bodies produced by Bacillus clostridium etc.
- Shape depends upon the individual spp.
- These are extremely resistant to desiccation, staining disinfecting 

chemicals, radiation and heat.
•
• Exospores

- These spores are being formed external to the vegetative cell by 
budding at one end of the cell.

- They are also resistant to desiccation and heat and do not contain 
dipicolonic acid. (DDA).



• Photo-autotrophy and Chemoautotrophy
• Organisms require

– Reducing power 
– Carbon di oxide CO2

– Energy

Cell Metabolism



Photo-autotrophy and 
Chemoautotrophy

• What is Photo-autotrophs?
They obtain energy and reducing power from 

the radiation and carbon from CO2

• What is Chemo-autotrophs?
The organisms which obtain their energy by 

oxidizing electron donors are known as 
chemotrophs. Their carbon source can be 
either inorganic carbon or organic carbon.





Different sources and mode of nutrition used by 
microbes for their growth



See these links:

• https://youtu.be/xX5oJqqJ1KQ

• https://youtu.be/gUt__nYl7sY



Bacterial Nutrition and Growth

Navneet Pareek
Instructor APS 221

Number of lectures are 02
1st is Bacterial Nutrition 
2nd is Bacterial Growth



Nutrient Requirement 
• Nutrients are necessary for microbial growth and 

play a vital role in the proper cultivation of 
microorganisms in the laboratory and for proper 
growth in their natural environments. 

• The types of nutrients that are required include 
those that supply energy, carbon and additional 
necessary materials. 

• The nutrients used to propagate growth are 
organism -specific, based on their cellular and 
metabolic processes.

Bacterial Nutrition



Common nutrients are:
• The common nutrients are required in all living 

things include carbon, nitrogen, sulfur, 
phosphorus, potassium, magnesium, calcium, 
oxygen, iron and additional trace elements. 

• Essential nutrients are nutrients absolutely 
required by an organism. 

• Two categories of essential nutrients are macro-
and micro-nutrients. 

• Macronutrients are necessary in large amounts; 
micronutrients tend to be needed in smaller 
amounts and are often trace elements.



Microorganisms require food for synthesis of molecular 
constituents of the cell and as an energy supply.

Organisms required energy from

• Viruses obtain “resources”

• Cyanobacteria/algae – photosynthesis

• Protozoa – ingest solid food particles

• Bacteria and fungi – typically saprophytic 

(Saprophytes are more generally plants, fungi, or micro-
organisms more accurately called myco-heterotrophs
because they actually parasitize fungi, rather than dead 
organic matter directly. They live on dead or 
decomposing matter.)



Bacterial nutrition 

• The bacterial cell has the same general chemical 
pattern as the cells of other organisms. The bacterial 
cell contains water (80% of total weight), proteins, 
polysaccharides, lipids, nucleic acids, mucopeptides
and low molecular weight compounds.

• For growth and nutrition of bacteria, the minimum 
nutritional requirements are water, a source of carbon, 
a source of nitrogen and some inorganic salts. 

• Water is the vehicle of entry of all nutrients into the 
cell and for the elimination of waste products. 



Bacterial nutrition 
• Bacteria can be classified nutritionally based on their energy 

requirements and on their ability to synthesize essential 
metabolites. 

• Bacteria which derive energy from sunlight are called 
phototrophs. 

• Those that obtain energy from chemical reactions are called 
chemotrophs. 

• Bacteria that can synthesize all their organic compounds are 
called autotrophs. 

• They are able to use atmospheric carbon dioxide and 
nitrogen. They are capable of independent existence in water 
and soil. 

• Some bacteria are unable to synthesize their own 
metabolites. They depend on preformed organic compounds. 
They are called heterotrophs. 
(These bacteria are unable to grow with carbon dioxide as the 
sole source of carbon.) 



Bacterial nutrition 

• Their nutritional requirements vary widely. Some
may require only a single organic substance like
glucose. Others may need a large number of
different compounds like amino acids,
nucleotides, lipids, carbohydrates and
coenzymes.

• Bacteria require a supply of inorganic salts. They
require anions like phosphate and sulphate
anions and cations like sodium, potassium,
magnesium, iron and calcium. Some ions like
cobalt may be required in trace amounts.



Growth factors

• Some bacteria require certain organic compounds in 
minute quantities. These are called growth factors or 
bacterial vitamins. 

• Growth factors are called essential when growth does 
not occur in their absence. Accessory growth factors 
are those which enhance growth without being 
absolutely necessary for it. 

• In many cases, bacterial vitamins are same as vitamins 
necessary for nutrition of mammals, for example, B 
group vitamins – thiamine, riboflavin, pyridoxine, 
nicotinic acid, folic acid and vitamin B12



Gaseous Requirement of microorganisms  

• Depending on the influence of oxygen on growth and 
survival, bacteria are divided into aerobes and anaerobes. 

• Aerobic bacteria require oxygen for growth. They may be 
obligate aerobes or facultative anaerobes. 

• Obligate aerobes grow only in the presence of oxygen, for 
eg. Cholera bacillus. 

• Facultative anaerobes are ordinarily aerobic but can grow 
in the absence of oxygen, though less abundantly. 

• Anaerobic bacteria, such as clostridia grow in the absence 
of oxygen. 

• Obligate anaerobes may even die on exposure to oxygen. 
• Microaerophilic bacteria are those that grow best in the 

presence of low oxygen tension.



Chemical Requirements for Growth: 
Oxygen

The Effects of Oxygen on the Growth of Various Types of Bacteria 

O2 requirements vary greatly



Fermentation
• A more common process used by these bacteria 

in anaerobic metabolism is fermentation. 

• It is defined as the process by which complex 
organic compounds, such as glucose, are broken 
down by the action of enzymes into simpler 
compounds without the use of oxygen. 

• This process leads to the formation of several 
organic end products such as organic acids and 
alcohols, as well as of gas (carbon dioxide and 
hydrogen). For example, Escherichia coli 



Temperature Requirements 
• Bacteria vary in their requirement of temperature for growth. For 

each species, there is a “temperature range”, and growth does not 
occur above the maximum or below the minimum of this range.

• The temperature at which growth occurs best is known as the 
“optimum temperature”. In the case of most pathogenic bacteria, 
the optimum temperature is 37ºC. 

• Bacteria which grow best at temperatures of 25-40ºC are called 
mesophilic, for example Escherichia coli. 

• Psychrophilic bacteria are those that grow best at temperatures 
below 20ºC. They are soil and water saprophytes and may cause 
spoilage of refrigerated food. 

• Thermophilic bacteria are those which grow best at high 
temperatures, 55-80ºC. They may cause spoilage of under 
processed canned food. Some thermophiles, for example 
Geobacillus stearothermophilus, form spores that are highly 
thermoresistant.



Microbial growth:  Increase in cell number, not cell size!

Physical Requirements for Growth:  Temperature
• Minimum growth temperature

• Optimum growth temperature

• Maximum growth temperature

Five groups based on optimum growth temperature
1. Psychrophiles
2. Psychrotrophs
3. Mesophiles
4. Thermophiles
5. Hyperthermophiles

Microbial Growth

What are 
cardinal 
points? 



Physical Requirements for Growth:  
pH and Osmotic Pressure

Most bacteria grow best between pH 6.5 and 7.5: 
Neutrophils

Some bacteria are very tolerant of acidity or thrive in 
it: Acidophiles (preferred pH range 1 to 5) 

Molds and yeasts grow best between pH 5 and 6

Hypertonic environments (increased salt or sugar) 
cause plasmolysis

Obligate halophiles vs. 
facultative halophiles

What are 
cardinal 
points? 



Capnophiles: Aerobic Bacteria Requiring High CO2

• Low oxygen, high CO2

conditions resemble those 
found in  

– intestinal tract 

– respiratory tract and 

– other body tissues where 
pathogens grow

• E.g: Campylobacter jejuni

• Use candle jar, CO2-generator 
packets, or CO2 incubators

Candle jar



Growth and Multiplication of Bacteria
• Bacteria divide by binary fission. When a bacterial cell 

reaches a certain size, it divides to form two daughter 
cells. 

• Nuclear division is followed by cell division.

• The interval of time between two cell divisions, or the 
time required for a bacterium to give rise to two 
daughter cells under optimum conditions, is called the 
Generation Time or the population doubling time. 

• In Escherichia coli and many other medically important 
bacteria, the generation time is about 20 minutes.

• Some bacteria are slow-growing. The generation time 
in tubercle bacilli is about 20 hours. 



Binary Fission in Prokaryotes



The Growth of Bacteria

Binary fission – exponential growth

Budding

Generation time – time required for cell to divide (also 
known as doubling time)

Ranges from 20 min (E. coli) to > 24h (M. tuberculosis)

Consider reproductive potential of E. coli
What is 

doubling 
time? 

http://www.youtube.com/watch?v=3cD3U2pgb5w


Figure 6.12b



What happens when bacterial growth 
take place?

• Bacterial growth may be considered at two levels: 
increase in the size of the bacterial cell and increase in 
the number of cells.

• Growth in numbers can be studied by bacterial counts 
and by bacterial biomass. 

• Two types of bacterial counts can be made: total count 
and viable count. (The total count gives the total 
number of cells in the sample, irrespective of whether 
they are living or not).

(About the other method of cell count i.e. viable counts 
we will study in our practical class) 



Bacterial growth curve 

• When a bacterium is seeded into a suitable 
liquid medium and incubated, its growth 
follows a definite course. 

• If bacterial counts are made at intervals after 
inoculation and plotted in relation to time, a 
growth curve is obtained. The curve which is 
known as Bacterial Growth Curve shows the 
following phases: 



Closed (“batch”) Culture Systems
“Bacterial Growth Curve”

Unbalanced 
Growth

Balanced Growth:

Rates of RNA = Protein 
= DNA = binary fission



Exponential Growth Phase
Nt = No + 2n

Number of generations (n) = (log Nt – log No) / log 2

Growth Rate Constant (k) = n/t

It is expressed in units of generations per hours (h-1)

Generation time (g) = 1/k; it is expressed in units of hours (h).



Time (hours)

k = (log Nt – log No) / 0.301 t

Generation time (g) = doubling time

What is the difference 
between log values and 

arithmetic numbers? 



Bacterial Growth Curve shows the 
following phases:

1. Lag phase: Immediately following the seeding of a culture
medium-

• There is no appreciable increase in number, though there
may be an increase in the size of the cells.

• This initial period is the time required for adaptation to
the new environment.

• The necessary enzymes and metabolic intermediates are
built up in adequate quantities for multiplication to
proceed.

• The maximum cell size is obtained towards the end of lag
phase.

• The duration of the lag phase varies with the species, size
of the inoculum, nature of the culture medium and
environmental factors such as temperature.



Bacterial Growth Curve conti…
2. Log (logarithmic) or exponential phase: Following the lag

phase-
• The cells start dividing and their numbers increase

exponentially or by geometric progression with time.
• If the logarithm of the viable count is plotted against time, a

straight line will be obtained.
• In this phase, cells are smaller and stain uniformly.
3. Stationary phase: After a varying period of exponential growth-
• Cell division stops due to depletion of nutrients and

accumulation of toxic products.
• The number of new cells formed is just enough to replace the

number of cells that die.
• Equilibrium exists between the dying cells and the newly

formed cells. So, the viable count remains stationary.
• In this phase, cells are frequently gram variable and show

irregular staining. Sporulation occurs at this stage.



Bacterial Growth Curve conti…

4.Death Phase or Decline Phase: This is the 
phase when the population decreases due to 
cell death. Besides nutritional exhaustion and 
toxic accumulation, cell death may also be 
caused by autolytic enzymes.

What are the limiting  factors  in batch culture/closed system of 
bacterial growth?



Growth in Batch Culture

• “Growth” is generally used to refer to the 
acquisition of biomass leading to cell division, 
or reproduction

• A “batch culture” is a closed system in broth 
medium in which no additional nutrient is 
added after inoculation of the broth.



Nutrient Concentration Effects in Batch Cultures:

• Total growth will increase until limiting nutrients are exhausted (included 
oxygen for aerobes) or metabolic byproducts accumulate that change 
environmental conditions to inhibit growth (toxicity).

• Growth rate will also increase with increasing nutrient concentration up to 
a some maximum value, beyond which there is no effect (transporters are 
saturated with there substrate.



Growth in Continuous Culture

• A “continuous culture” is an open system in which fresh 
media is continuously added to the culture at a 
constant rate, and old broth is removed at the same 
rate.

• This method is accomplished in a device called a 
chemostat.

• Typically, the concentration of cells will reach an 
equilibrium level that remains constant as long as the 
nutrient feed is maintained.





Open (“continuous”) Culture Systems
Chemostat: growth rate = dilution rate (D = f/V);  constant 
dilution rate with nutrient limiting growth.

Turbidostat: dilution rates varies to maintain constant 
turbidity (cell density); no limiting nutrient.

Flow (f)

Volume (V)

Wash 
out!





Following factors have to be taken care of during the growth of bacteria weather it is in 
closed (Batch culture) or open (Continuous culture) system.

• Growth vs. Tolerance
– “Growth” is generally used to refer to the acquisition of 

biomass leading to cell division, or reproduction
– Many microbes can survive under conditions in which 

they cannot grow
– The suffix “-phile” is often used to describe conditions 

permitting growth, whereas the term “tolerant” 
describes conditions in which the organisms survive, but 
don’t necessarily grow

– For example, a “thermophilic bacterium” grows under 
conditions of elevated temperature, while a 
“thermotolerant bacterium” survives elevated 
temperature, but grows at a lower temperature

Factors that Influence Growth



Factors that Influence Growth conti...

• Obligate (strict) vs. facultative
– “Obligate” (or “strict”) means that a given condition is 

required for growth

– “Facultative” means that the organism can grow 
under the condition, but doesn’t require it

– The term “facultative” is often applied to sub-optimal 
conditions

– For example, an obligate thermophile requires 
elevated temperatures for growth, while a facultative 
thermophile may grow in either elevated 
temperatures or lower temperatures



• Temperature
– Most bacteria grow throughout a range of 

approximately 20 Celsius degrees, with the maximum 
growth rate at a certain “optimum temperature”

– Psychrophiles: Grows well at 0ºC; optimally between 
0ºC – 15ºC

– Psychrotrophs: Can grow at 0 – 10ºC; optimum 
between 20 – 30ºC and maximum around 35ºC

– Mesophiles:  Optimum around 20 – 45ºC
– Moderate thermophiles: Optimum around 55 – 65 ºC
– Extreme thermophiles (Hyperthermophiles): 

Optimum around 80 – 113 ºC

Factors that Influence Growth conti...



• pH

– Acidophiles: 

• Grow optimally between  ~pH 0 and 5.5

– Neutrophiles

• Grow optimally between  pH 5.5 and 8

– Alkalophiles

• Grow optimally between pH 8 – 11.5

Factors that Influence Growth conti...



• Salt concentration
– Halophiles require elevated salt concentrations 

to grow; often require 0.2 M ionic strength or 
greater and may some may grow at 1 M or 
greater; example, Halobacterium

– Osmotolerant (halotolerant) organisms grow 
over a wide range of salt concentrations or 
ionic strengths; for example, Staphylococcus 
aureus

Factors that Influence Growth conti...



• Oxygen concentration
– Strict aerobes: Require oxygen for growth (~20%)

– Strict anaerobes: Grow in the absence of oxygen; 
cannot grow in the presence of oxygen

– Facultative anaerobes: Grow best in the presence of 
oxygen, but are able to grow (at reduced rates) in the 
absence of oxygen

– Aerotolerant anaerobes: Can grow equally well in the 
presence or absence of oxygen

– Microaerophiles: Require reduced concentrations of 
oxygen (~2 – 10%) for growth

Factors that Influence Growth conti...
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Introduction

• First serious and systematic genetic study was conducted by
Gregor Mendel (1865) the Austrian monk published a
systematically studies on the inheritance of phenotypic
characters:

• Such as shape, color, size and other characters of pea.

• With the title “Experiments with Plant Hybrid”. 

• Mendel’s work was recognized very late in twentieth 
century and researchers worked on fruit fly and corn to 
establish his work. 



Definition

• Genetics is defined as a science of inheritance of genotypic 
and phenotypic characters and variation in them from 
parents to off springs. 



Advantages of use of prokaryote as tool for 
genetic studies

• Microorganisms played an important role in understanding the genetic principles which are more or less 
universal irrespective prokaryotes or eukaryotes. Bacterial and bacteriophage genetics served as basic tool to 
understand genetic principles at molecular level.



Flow of genetic Information 

• Genetic information stored in DNA in the form of genes trickles down 
in progeny cell through complex processes operating in dividing cell.

• The pathway of transfer of genetic information from DNA to RNA and 
from RNA to protein is called central dogma.

• There are two types of flow of genetic information: 
(i) From one generation to another generation. The genetic information is 

transferred through duplication of parental DNA material and copies are 
transferred to progeny cells. The process is called replication. 

(ii) Flow of information within the cell is called gene expression. In this case the 
genes present in DNA express when required by synthesizing RNA.



Mechanisms of Genetic Variation in Prokaryotes

• Genetic variations are caused mainly by two processes operating in 
prokaryotes: 

(i) Mutations

(ii) Recombinations



Mutation

• Any heritable change in the nucleotide sequence of a gene is called a 
mutation regardless of whether there is any observable change in the 
characteristics (phenotype) of the organism.



Types of mutation

• (i) Point mutation is a substitution of one nucleotide for another in the

specific nucleotide sequence of a gene. They generally affect one base

pair in a given location. Point mutation can be divided in two:

(a) Transition point mutation: is a substitution of a purine by

another purine or a pyrimidine by another pyrimidine.

(b) Transversion point mutation: is a substitution of a purine by

pyrimidine and vice- versa. Point mutations may alter a specific

codon, resulting in incorrect amino acid incorporation in to

protein is called mis-sense mutation. Such protein may be

functionally defective or less active.



• Nonsense mutation is a point mutation where a change in gene triplet produces

stop codon which results in a pre-mature termination of the protein synthesis.

Hence incomplete polypeptide synthesized is non functional.

• Neutral or silent mutation is a point mutation where a change in gene triplet

produces a synonymous codon of the original codon as same amino acid is

incorporated in polypeptide. Such mutation results in no change in protein.

• Frame shift mutation: is an insertion or deletion one or more nucleotides in a

gene. Accordingly shift mutations are of two types: insertion mutation and

deletion mutation. Shift frame mutations lead to synthesis of non functional

proteins as both additions and deletions can result in changing the translational

reading frame, causing all of the amino acids situated downstream of the mutation

to be incorrect.



Terminology used in microbial genetics
• Gene is a DNA segment or a sequence that codes for a polypeptide, rRNA or

tRNA.

• Genotype refers to the genetic constitution of an organism.

• Phenotype refers the expression of genotypes in the observable characters or

properties of a cell or organism.

• Genome refers to the full set of genes present in a cell or a virion. All the genetic

material in cell of an organism is called genome. A haploid set of genes in a cell is

called genome.

• Replication is process of duplication of DNA material under the direction of

parental DNA is called replication.
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Recombination in Bacteria?

• Recombination is a process by which pieces of DNA are broken 
and recombined to produce new combinations of alleles. 

• Crossovers result is the exchange of genetic material between the 
maternal and paternal chromosomes. 

• As a result, offspring can have different combinations of genes than 
their parents.

Definition: The formation by the processes of crossing-over and 
independent assortment of new combinations of genes 

in progeny that did not occur in the parents.



Process of Genetic Recombination
• Genetic recombination is a complex process that involves

alignment of two homologous DNA strands, precise breakage of
each strand, equal exchange of DNA segments between the two
strands, and sealing of the resultant recombined DNA molecules
through the action of enzymes called ligases.



Transfer of Genetic Material in Bacteria



Conjugation

• It  involves  transfer  of  genetic information  from  one  bacterial  cell  
to  another,  and  requires  physical  contact  between  the two 
bacteria involved. 

• The contact between the cells is via a protein tube called an F or sex 
pilus, which is also the conduit for the transfer of the genetic 
material. 

• Basic conjugation involves two strains of bacteria: F+ and F-.  The 
difference between these two strains is the presence of a Fertility 
factor (or F factor) in the F+ cells. 



Conjugation

• The F factor is an episome that contains 19 genes and 
confers the ability to conjugate upon its host cell. 

•Genetic transfer in conjugation is from an F+ cell to an F-
cell, and the genetic material transferred is the F factor 
itself. 

•Conjugation process is rare because the  F factor is not 
homologous to the DNA in the bacterial chromosome. 
However, there are variations of this basic conjugation 
process that allow recombination to occur. 





Transformation
• Transformation involves acquisition  of  DNA  from  the environment. 

Transformation is the process by which bacteria pick up DNA from 
their environment. 

• The  DNA  may  come  from  a variety  of  sources,  but  most  likely  it  
is  the  remnants  of  DNA from dead bacterial cells.

• This  means that  the  bacteria  are  expressing  the  appropriate  
enzymes required to transport the exogenous DNA into the cell. 
Therefore, the correct genes must be expressed in order to carry out 
transformation.  

• Expression of these genes depends on the growth conditions: 
bacteria most likely to be competent are dividing rapidly, but 
nutrients in the environment are becoming limited. 



Transformation
• After binding, the DNA is transported across the membrane by the 

transformation machinery. As this  occurs,  one  strand  of  the  DNA  
is  digested  away  by  an  exonuclease,  so  that  the  DNA that  enters  
the  cell  is  single  stranded.  

• This  promotes  recombination,  as  long  as  the  DNA taken  up  is  
sufficiently  homologous  to  the  host  DNA  to  allow  recombination  
to  occur.  

• The recombination  that  occurs  is  one-way  (non-reciprocal);  unlike  
the  exchange  of  strands diagrammed in the module on 
recombination, in this case the new DNA will simply replace a strand  
of  the  host  DNA.  The replaced segment of host DNA will be 
degraded.  

• If  the  new DNA  is  of  a  different  allelic  nature  than  the  host  
DNA,  a  gene  conversion  event  can  occur. 





Transduction
• Transduction involves the exchange of DNA between bacteria using 

bacterial viruses (bacteriophage) as an intermediate.  

There  are  two  types  of  transduction:

• Generalized transduction 

• Specialized  transduction  

Which  differ  in  their  mechanism  and  in  the  DNA that  gets  
transferred.  

When a phage infects a bacterial cell, it injects its DNA into the cell. 
The viral DNA is replicated  numerous  times,  and  viral  genes  are  

expressed,  producing  the proteins  that make up the viral 
capsid/protein coat and nucleases that digest the host genome into 

fragments.



Generalized Transduction

• Some times, during bacteriophage replication, a mistake is made, and 
a fragment of the host DNA gets packaged into a viral capsid. 

• The resulting phage would be able to infect another cell, but it would 
not have any viral genes, so it would not be able to replicate. 

• The cell  infected  by  this  phage  would  survive,  and  would  have  
an  extra  piece  of  bacterial  DNA present, which could undergo 
recombination with the host chromosome, and perhaps cause a gene 
conversion event. 

• Because it is a random fragment that gets packaged into the viral 
capsid,  any  segment  of  the  bacterial  DNA  can  be  transferred  this  
way  (hence  the  name 'generalized').





Specialized Transduction
• Specialized transduction occurs only with certain types of bacteriophage, such 

as phage lambda. 

• Lambda has the ability to establish what is called a lysogenic infection in a 
bacterial cell.  In a lysogenic infection, the viral DNA becomes incorporated 
into the host chromosome. 

• In a lysogenic infection by lambda, the DNA integrates into a very specific spot 
in the host chromosome. The integrated viral DNA can  remain  integrated  for  
long  periods  of  time,  without  disturbing  the cell.  

• Under  the appropriate conditions the viral  DNA  will  excise  itself  from  the  
chromosome,  and  enter  the lytic  phase,  in  which  the virus  replicates  just  
as  described  above.  The  cell  gets lysed,  and  new  bacteriophage particles  
are  released  to  infect  other  cells.  



Specialized Transduction

• When  the  resulting  virus  infects  another  cell,  it  will  pass  that  
bacterial  DNA into the cell, along with its own DNA. If the infected cell 
survives it will contain a new piece of bacterial DNA, which can undergo 
recombination and possibly cause gene conversion. 

• The viral DNA integrates into a specific location, when it excises, the 
bacterial DNA removed with it will be the same in all cases. 

• Therefore,  the  DNA  transferred  to  the  second  cell  will  be  the  same 
segment  of  the  bacterial  chromosome.  This is why this process is 
called 'specialized' transduction.



Specialized Transduction



Specialized Transduction
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Introduction

• Soil is a living body.

• Harboring plant roots, viruses, bacteria, fungi, algae, protozoa, mites, nematodes,

different types of insects, grubs and larger animals.

• Indeed, the number of living organisms below ground is often far greater than that

above ground.

• Soil microorganisms has a major impact on soil properties and processes. The

diverse soil microorganisms interact with one another, with non-living soil particles viz.

sand, silt and clays and with plants and animals in the ecosystem forming a complex

system of biological activity.



Introduction
• Soil microorganisms live chiefly in the colloidal complex of organic and 

inorganic materials more or less saturated with water and supported by 
the soil particles, mainly mineral grains the whole serving as a culture 
medium. 

• They impart to the soil characteristics of a living body. 

• Microorganisms growing in the soil are influenced by seven factors of 
environment: 

• Moisture, 

• Temperature and 

• Radiant energy factors, 

• Aeration, 

• pH, 

• Food supply, 

• Biotic factors and Inhibiting factors.



What are soil microorganisms?
• Soil has many kinds of microorganism also known as microbes. Some of them are 

real residents while others are visitors. It gets entry in to soil through human or 
animal dropping. 

• Whereas, those which are always encountered in soil grow there and perform 
their all activities. 

• The different groups of microorganisms in soil are: viruses, bacteria, 
actinomycetes, fungi, algae, protozoa, and nematodes. 

• Bacteria and fungi are more numerically. The useful soil microorganisms are 
many such as cellulose, hemicellulose and lignin decomposers, biological 
nitrogen fixers, nitrifiers, sulfur oxidizers and sulfur reducers etc. 

• Many of chemoorganotrophs have the trait of degrading xenobotics. 
• Soil microorganisms such as fungi, algae and bacteria secrete polysaccharides 

favoring soil aggregation resulting good soil structure which influences aeration, 
organic matter transformations, crop production, plant and animal health, and 
environmental quality.



MAJOR MICROBIAL GROUPS IN SOIL

Group Population 

(CFU/ g soil)

Wet mass

(kg/ha)

Bacteria 107 to 108 300 to 3000

Fungi 104 to 105 500 to 5000

Actinomycetes 105 to 106 300 to 3000

Algae + Cyanobacteria 103  to 104 100 to 1000

Protozoa 103 to 104 50.to 100



How microbes help in acquiring nutrient from soil? 



How microbes help in acquiring nutrient from soil? 

• Soil fertility depends on three major interacting components: 
biological, chemical and physical fertility.

• Soil organisms improve soil fertility by performing a number of 
functions that are beneficial for plants. 



Management practices may help to improve 
and maintain the biological fertility of soil.

• Releasing nutrients from organic matter

• Fixing atmospheric nitrogen

• Increasing phosphorus availability

• Degrading pesticides

• Controlling pathogens

• Improving soil structure



Releasing nutrients from organic matter

• Soil microorganisms are responsible for most of the nutrient release 
from organic matter during decomposition. 

• When microorganisms decompose organic matter, they use the 
carbon and nutrients in the organic matter for their own growth. 

• They release excess nutrients into the soil where they can be taken 
up by plants. 

• If the organic matter has a low nutrient content, micro-organisms will 

take nutrients from the soil to meet their requirements.

• Applying organic matter with carbon to nitrogen ratios (C:N) lower 

than 20:1 to soil generally increases mineral nitrogen in soil. In 

contrast, applying organic matter with carbon to nitrogen ratios 

higher than 30:1, generally results in microorganisms taking up 
mineral nitrogen from soil



Fixing atmospheric nitrogen

• Symbiotic nitrogen fixation is a significant source of nitrogen for 

agriculture and may account for up to 60-80% of total nitrogen 

inputs.

• In the symbiosis, rhizobia or bradyrhizobia fix N2 gas from the 

atmosphere and make it available to the legume. 

• In exchange, they receive carbon from the legume. 

• Free living N2 fixers fixes nitrogen freely in soil and making it 

available to the plants, deriving their C from SOM.



Increasing phosphorus availability

• Most agricultural plants (except lupins and canola) form a 
symbiosis with arbuscular mycorrhizal (AM) fungi that increases 
phosphorus uptake by the plant. 

• The hyphal strands of AM fungi extend from plant roots into soil 
and have access to phosphorus that plant roots cannot reach. 

• The AM fungi can provide phosphorus to plants and in return 
they receive the carbon they need to grow.

• Importantly, this symbiosis is only beneficial for plants when 
available phosphorus in soil is insufficient for the plant’s 
requirements. 



Degrading pesticides

• The degradation of agricultural pesticides in soil is primarily 
performed by microorganisms. 

• Some microorganisms in soil produce enzymes that can break 
down agricultural pesticides or other toxic substances added to 
soil. 

• The length of time these substances remain in soil is related to 
how easily they are degraded by microbial enzymes.

•



Controlling pathogens

• Some microorganisms and soil animals gives infection to plants 
and decrease plant yield.

• However many organisms in the soil control the spread of 
pathogens. For example, the occurrence of some pathogenic 
fungi in soil is decreased by certain protozoa that consume the 
pathogenic fungi. 

• The soil food web contains many relationships like this that 
decrease the abundance of plant pathogens.



Improving soil structure

• Biological processes in soil can improve soil structure. 

• Organic matter causes soil to clump and form soil aggregates, which 
improves soil structure. 

• With better soil structure, permeability improves, in turn improving 
the soil's ability to take up and hold water.

• Some bacteria and fungi produce substances during organic matter 
decomposition that chemically and physically bind soil particles into 
micro-aggregates. 

• The hyphal strands of fungi can cross-link soil particles helping to 
form and maintain aggregates. 

• A single gram of soil can contain several kilometres of fungal hyphae 
(Young and Crawford 2007). 

• In addition, soil animals increase pores by tunnelling through soil and 
increase aggregation by ingesting soil.



Other helpful aspects of microorganisms which improve 
and maintain the biological fertility of soil.

1. Minimize erosion as soil organisms are predominantly located in  

the surface layers, which are most easily eroded.

2. Maintain or increase the organic matter content of soil as organic 

matter is an important source of carbon, energy and nutrients for 

soil organisms.
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Introduction

• Nature recycles.

• The atoms within organisms 
(C,H,O,N.S,P,Fe, traces of other metals) 
came from inorganic non-living matter.

• The same atoms will exit living organisms 
as inorganic matter, thus completing 
cycle.

• Microorganisms are crucial to this cycle.



Energy/Matter Flow

• Energy and matter flow through the 

biosphere

• Sun >> autotroph >> heterotroph >> fossil 

fuel storage >> human fuel consumption

• Biosphere < > lithosphere < > atmosphere  

< > hydrosphere

• Elements cycle through both the biological 

and geological world, hence 

biogeochemical cycles



Concepts in Biogeo. Cycles

• Reservoir - where material or mass is stored

• Flux: rate of flow of material

• Steady state: inflow = outflow

• Dynamic state: fluxes are reservoirs are 

changing with time

• Residence time: length of time a chemical 

stays in a reservoir

• Feedback: positive and negative



Reservoirs of Carbon

• Carbon is found in all four spheres

• Biosphere - organic matter

• Atmosphere - CO2, CH4

• Hydrosphere - H2CO3 ,HCO3
- , CO3

= 

• Lithosphere - CaCO3 , coal, oil, and gas

• Processes: photosynthesis, formation of 

sediments, weathering, combustion, plate 

tectonics



Major Nutrient cycles

• Carbon cycle

• Phosphorus cycle

•Nitrogen cycle

• Sulphur cycle



CARBON CYCLE

• The concentration of carbon in living 
matter (18%)is almost 100 times 
greater than its concentration in the 
earth (0.19%). 

• So living things extract carbon from 
their non-living environment. 

• For life to continue, this carbon must 
be recycled.



Carbon Cycle



CARBON CYCLE



Carbon enters the biotic world through 
the action of autotrophs

• Primarily photoautotrophs, like plant and 
algae that use the energy of light to 
convert CO2 to organic matter.

• To a small extent by chemoautotrophs -
bacteria and archae that do the same 
but use the energy from an oxidation of 
molecule in their substrate.



Short-term Cycle of C

• Reservoirs: atmosphere and biosphere

• Photosynthesis: 

– CO2 + H2 O + energy = CH2 O + O2

• Respiration: 

– CH2 O + O2 = CO2 + H2 O + energy 

• Most CO2 is returned to the atmosphere 

during respiration and decay of plants

• Duration of the cycle: days to years



Carbon returns to the atmosphere by

• respiration (as CO2)

• burning

• Decay (producing CO2 if oxygen is 
present, methane (CH4) if O2 is absent.

The uptake and return of CO2 are not in 
balance.



Medium-term Cycle of C

• Reservoirs: organic carbon in the biosphere 

and the lithosphere

• Processes 

– Accumulation of organic carbon

– Burial (tectonic process)

– Storage as fossil fuels

– Tectonic uplift and weathering

• Residence time(turnover rate) 105 to 108 yrs 



Carbon exists in the non-living 
environment as

• Carbon dioxide in the atmosphere and 
dissolved in water (forming bicarbonate -
HCO3)

• Carbonate rocks(lime stone and coral - Ca 
CO3)

• Deposits of coal, petroleum and natural 
gas derived from once living organisms

• Dead organic matter, e.g., humus in the 
soil



Long-term Cycle of C

• Reservoirs: atmosphere and lithosphere

• Processes that release CO2

– Volcanism

– Metamorphism of carbonates (limestone) and 

organic sediments (coal)

– Weathering of fossil organic carbon

– Formation of calcium carbonate skeletons 

(opposite of weathering of limestone)



Long-term Cycle of C

• Processes that consume CO2

– Weathering of carbonates and silicates (p 179)

– Formation of limestone

– Absorption of CO2 by ocean surface

– H2 O + CO2 => H2CO3 => H+
, HCO3 

-, CO3
2-

• Duration: hundreds of millions to billion 

years



Human Interference

• Human-induced processes

– Extraction and combustion of fossil fuels 

(speeds up the medium-term cycling)

– Cement manufacturing

– Deforestation (biomass burning)

• All of these processes release CO2 into the 

atmosphere and affect the natural cycling of 

carbon



The carbon dioxide content of the atmosphere is 
gradually and steadily increasing

• Since late 19th century, its concentration has risen 
over 20%. The reasons are mainly anthropogenic such 
as:

• Burning fossil fuel which returns to the atmosphere 
carbon that has been locked within the earth for 
millions of years.

• Clearing and burning of forests, especially in the 
tropics. In recent decades, large amounts of Amazon 
rain forest have been cleared for agriculture and cattle 
grazing.



• Phosphorus cycle is different from carbon and 
nitrogen cycle because phosphorus is found in 
sedimentary rock, not in the atmosphere.

• Phosphorus is a necessary element in DNA.

• A smaller less important source of phosphorus 
is droppings of fish eating birds.

• Erosion caused by rain and runoff of streams 
removes phosphorus from phosphate rock. This 
results in phosphorus supply in the soil which is 
available to plants.

Phosphorus cycle





Phosphorus Cycle

• Reservoirs: Hydrosphere (as phosphate ion), 

lithosphere (phosphate minerals), and 

biosphere (bones, teeth, shells)

• Short-term cycle: PO4
3- in soil or ocean => 

assimilation by plants => consumption by 

animals => decay or excretion => recycled 

to soil or ocean, residence time 100s of yrs



Eutrophication

• Consequence of excess nutrients (nitrates, 

phosphates) entering bodies of water

• Produces algal blooms (over productivity)

• When these algae die they settle at the bottom of 

the water column

• Decomposition process consumes oxygen and 

depletes it from water

• This destroys the organisms that need oxygen 

(fish)- Lions Lake, Warrensburg, source of 

nutrient - goose droppings



The phosphorus is absorbed by the plant’s roots 
and used to make organic compounds.

As animals eat plants, phosphorus is passed along to them.

Decomposing plant or animal tissue and animal droppings 
return organic forms of phosphorus to the water and soil.

Much of the phosphorus is eventually lost in the oceans. 
The phosphorus in the soil is dissolved into water, which in 
turn flows into bodies of water.

Some of this phosphorus is used by plankton, which in turn 
is eaten by fish. The fish is then consumed by seabirds. 
But the majority of phosphorus washed into the sea sinks 
to the ocean floor and is not recycled.



Phosphorus Cycle

• Long-term cycle: Burial of phosphate in 

sediments => uplift => weathering => 

phosphate in soil or ocean

• Residence time ~108 yrs

• Extraction (mining) short-circuits the long-

term cycle. Otherwise it goes in long term 

cycle.
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Nitrogen Cycle

Role of Nitrogen in the biosphere
Nitrogen is required in large amounts as an essential component of proteins, 
nucleic acids and other cellular constituents. 

There is an abundant supply of nitrogen in the earth's atmosphere - nearly 79% 
in the form of N2 gas. However, N2 is unavailable for use by most organisms.

In order for nitrogen to be used for growth it must be "fixed" (combined) in the 
form of ammonium (NH4) or nitrate (NO3) ions.



Nitrogen Cycle



Microorganisms have a central role in almost all 
aspects of nitrogen availability.

Some bacteria can convert N2 into ammonia by the process termed 
nitrogen fixation; these bacteria are either free-living or form symbiotic 
associations with higher organisms. 

Other bacteria bring about transformations of ammonia to nitrate, and of 
nitrate to N2 or other nitrogen gases.

Many bacteria and fungi degrade organic matter, releasing fixed nitrogen 
for reuse by other organisms.

All these processes contribute to the nitrogen cycle.



NITROGEN CYCLE

Involves the following steps

• Nitrogen fixation

• Nitrogen assimilation

• Deamination

• Nitrification

• Denitrification



Nitrogen Cycle



Nitrogen Fixation

• Microbial conversion of molecular nitrogen (N2) to 
ammonia (NH3). Ammonia exists in solution as ammonium 
ion (NH4).

• Fixation converts nitrogen gas into a salt that higher 
organisms can use.

• Nitrogen fixing microorganisms include Azotobacter, 
Clostridium, Azospirillum (all three free living) and 
Rhizobium and Bradyrhizobium (all symbiotic with 
leguminous plants).



Type of nitrogen fixation
Type of Nitrogen Fixation N2 Fixed

(1012 grams/ year)

Non Biological
Industrial

Combustion

Lightning

Total

50

20

10

80

Biological
Agricultural land

Forest and Non Agril. land

Sea

Total

90

50

35

175



Nitrogen Cycle



Mechanism of Nitrogen fixation

Biological nitrogen fixation can be represented by the following equation, in 
which two moles of ammonia are produced from one mole of nitrogen gas, at 
the expense of 16 moles of ATP and a supply of electrons and protons 
(hydrogen ions):

N2 + 8H+ + 8e- + 16 ATP = 2NH3 + H2 + 16ADP + 16 Pi

This reaction is performed exclusively by prokaryotes, using an enzyme 
complex termed nitrogenase



Nitrogen Fixing organisms

Free living Symbiotic with plants

Aerobic

Azotobacter
Beijerinckia
Klebsiella
(some)
Cyanobacteria

Anaerobic

Clostridium
Desulphovibrio
Purple sulphur
bacteria
Purple non-
sulphur bacteria
Green sulphur
bacteria

Legumes

Rhizobium

With other
plants

Azospirillum
Frankia



• During this step ammonia is incorporated into 
organic molecules, mostly in the amino acids 
(R-NH2), and further into proteins and body 
tissues.

Deamination
• Conversely, organic molecules containing 

nitrogen are deaminated during 
decomposition of organic materials. This is 
carried out by many heterotrophic bacteria.

Nitrogen assimilation



• During this process ammonia is oxidised to 
nitrite (NO2) by the bacteria Nitrosomonas
and Nitrite is further oxidised to Nitrate 
(NO3) by Nitrobacter.

Nitrification



Denitrification

• This involves dissimilative nitrate 
reduction to nitrogen gas by microbe, 
Pseudomonas denitrificans.

• Plants do assimilative nitrate reduction, 
during which they incorporate nitrate 
into organic molecules.



Sulfur Cycle

• Essential for organic material (protein)

• Found in coal, petroleum, and plants

– Gas released to atm. when burned

• Common with metallic ores

– Gas released to atm when smelted

• Important component of urban SMOG

• Important source of aerosols (cloud 
formation, albedo, acidrain)



Sulfur Cycle

• Reservoirs: Lithosphere (sulfide, sulfate), 

hydrosphere (sulfate 7.8 % in ocean)

• Processes: Bacteria plays an important role 

in reducing sulfate to sulfide and in early 

photosynthesis- use of H2S instead of H2O

• Formation of sulfide; burial; weathering

• Volcanic activity

• Combustion of fossil fuels



SULPHUR CYCLE

Microorganisms contribute greatly to sulphur cycle

• Photosynthetic microroganisms (photoautotrophs) 
transfer sulphur by using sulphides as an electron source

• In the absence of light, sulphides can cross into oxidized 
environments, allowing Thiobacillus and similar 
chemolithoautotrophic genera to function.

• When sulphate is diffused into reduced environments, it 
provides an opportunity for different groups of 
microorganisms to carry out sulfate reduction. E.g. 
Desulfovibrio can use sulphate as oxidant to utilise
available organic reductant.



SULPHUR CYCLE

• Many microbes (heterotrophic bacteria) 
reduce sulphate for use in amino acids and 
further incorporation into protein molecule. 
This process in known as assimilatory 
reduction process.

• Some microbes (E.g. Desulfuromonas) 
reduce elemental sulphur (in the form of 
SO4) to hydrogen sulphide. This process is 
known as dissimilatory reduction.

• Many microbes such as Alteromonas, 
Clostridium can reduce sulphites (SO3) to 
sulphides.



Sulfur Cycle

• Sulfur- and sulfur-oxidising bacteria produce 
sulfate.

• Sulfate reducing bacteria consume sulfate as an 
electron acceptor in anaerobic respiration, 
producing hydrogen sulfide.

• Dimethyl sulfide is a major organic sulfur 
compound of ecological significance.   



SULPHUR CYCLE



Biological Nitrogen Fixation

Navneet Pareek

Instructor APS 221



» Major substance in plants next to water
» Building blocks

» Constituent element of
» Chlorophyll

» Cytochromes

» Alkaloids

» Many vitamins

» Plays important role in metabolism, growth,  
reproduction and heredity



Atmospheric Nitrogen
 78% of atmosphere

 Plants cannot utilize this form

 Some Bacteria, Blue Green Algae, leguminous plants

Nitrates, Nitrites and Ammonia
 Nitrate is chief form

Amino acids in the soil
 Many soil organisms use this form

 Higher plants can also taken by higher plants

Organic Nitrogenous compounds in insects
 Insectivorous plants



Conversion of dinitrogen gas (N2) to ammonia 

(NH3)

Availability of fixed N often factor most limiting 

to plant growth

N-fixation ability limited to few bacteria, either as 

free-living organisms or in symbiosis with higher 

plants

First attempt to increase forest growth through 

N-fixation in Lithuania, 1894 (lupines in Scots 

pine)

Biological Nitrogen Fixation



N2 + 8 flavodoxin- + 8H+ + 16 MgATP2- + 18 H2O

+ 2OH- + 8 flavodoxin + 16 MgADP- + 16H2PO4
- + H2

nitrogenase

Biological nitrogen fixation:

2NH4
+

1. Rare, extremely energy consuming conversion 

because of stability of triply bonded N2

2. Produces fixed N which can be directly 

assimilated into N containing biomolecules



Nitrogen fixation

Non biological Biological

Non - symbiotic SymbioticAssociative



 The micro-organisms do not take place
 Found in rainy season during lightning

lightning 2 NO

oxidation

1. N2 + O2

2. 2NO + O2

3. 2NO2 + H2O

4. 4NO2 + 2H2O + O2

5. CaO + 2HNO3

6. HNO3 + NH3

7. HNO2 + NH3

(Nitric oxide)  2NO2

( Nitrogen per oxide)
HNO2 + HNO3

4HNO3

(Nitric acid)
Ca (NO3)2 + H2O
(Calcium nitrate)
NH4NO3

(Ammonium nitrate)
NH4NO2

(Ammonium nitrite)



Ecology of nitrogen-fixing bacteria





 Fixation of atmospheric Nitrogen into  
nitrogenous salts with the help of micro-
organisms

Three types
 Symbiotic

 Non-symbiotic/Asymbiotic

 Associative



o Fixation carried out by free living micro-
organisms

o Aerobic, anaerobic and blue green algae

o Bacteria: special type (nitrogen fixing  
bacteria) types -

o Free living aerobic : Azotobacter, Beijerenckia

o Free living anaerobic : Clostridium

o Free living photosynthetic : Chlorobium,
Rhodopseudomonas

o Free living chemosynthetic :Desulfovibro,Thiobacillus



o Free living fungi: yeasts and Pillularia

o Blue green algae:
o unicellular – Gloeothece, Synechococcus

o Filamentous (non heterocystous) -Oscillatoria

o Filamentous (heterocystous) – Tolypothrix,
Nostoc, Anabaena



 Fixation of free nitrogen by micro-
organisms in soil living symbiotically inside  
the plants

 ‘Symbiosis’ – coined by DeBary

Three categories
 Nodule formation in leguminous plants

 Nodule formation in non-leguminous plants

 Non nodulation



 2500 spp. of family leguminosae ( Cicer  
arientium, Pisum, Cajanus, Arachis) produce  
root nodules with Rhizobium spp.

They fix Nitrogen only inside the root  
nodules

Association provides-food and shelter to
bacteria

-bacteria supply fixed  nitrogen to plant

Nodules may buried in soil even after  
harvesting – continue nitrogen fixation



Some other plants also produces root  
nodules

 Causuarina equisetifolia – Frankia

 Alnus – Frankia

 Myrica gale – Frankia

 Parasponia – Rhizobium

 Leaf nodules are also noted
 Dioscorea, Psychotria

Gymnosperms – root – Podocarpus,

- leaves – Pavetta zinumermanniana,  Chomelia



 Lichens - cyanobacteria

Anthoceros - Nostoc

Azolla – Anabaena azollae

Cycas – Nostoc and anabaene

Gunnera macrophylla - Nostoc

Digitaria, Maize and Sorghum – Spirillum
notatum

 Paspalum notatum – Azotobacter paspali



Small, knob-like protuberances-root nodules
Size and shape varies
Spherical, flat, finger-like or elongated
From Pin head to one centimeter in size
Various spp. Of Rhizobium noted
Named after the host plant

 Pea – Rhizobium leguminosarum
 Beans – R. phaseoli
 Soyabeans – R. japonicum
 Lupins – R. lupini

Two types of Rhizobium-
 Bradyrhizobium – slow growing spp.
 Rhizobium - fast growing spp.



Gram negative

Non spore forming

Micro-aerobic

Show a degree of specificity

The two partners (Bacteria and Host)  
recognized by chemical substance  
LECTINS - phytoagglutinins  
(carbohydrate containing plant protein)



 Fixation of free nitrogen by micro- organisms 
in soil on the roots of gramine family crops or 
plants.

 Azospirillum brasilense in association with cereal  roots. 

 Beijerinckia in association with the roots of Sugarcane. 

 Azotobacter paspali in association with roots of tropical 

grass- Paspalum notatum

Associative



Enzymology of N fixation

The incredibly strong (triple) bond in N2 makes this 
reaction very difficult to carry out efficiently.  
In fact, nitrogenase consumes ~16 moles of ATP for 
every molecule of N2 it reduces to NH3, which makes it 
one of the most energy-expensive processes known 
in Nature.



Nitrogenase Complex

Two protein components: nitrogenase reductase and 
nitrogenase

• Nitrogenase reductase is a 60 kD homodimer with a 
single 4Fe-4S cluster 

• Very oxygen-sensitive 

• Binds MgATP 

• 4ATP required per pair of electrons transferred 

• Reduction of N2 to 2NH3 + H2 requires 4 pairs of 
electrons, so 16 ATP are consumed per N2



Why should nitrogenase need 

ATP???

• N2 reduction to ammonia is 

thermodynamically favorable 

• However, the activation barrier for breaking 

the N-N triple bond is enormous

• 16 ATP provide the needed activation 

energy 



Nitrogenase

• Each molecule of enzyme contains 2 Mo, 
32 Fe, 30 equivalents of acid-labile sulfide 
(FeS clusters, etc) 

• Four 4Fe-4S clusters plus two FeMoCo, an 
iron-molybdenum cofactor 

• Nitrogenase is slow - 12 e- pairs per 
second, i.e., only three molecules of N2

per second



Fe - S - Mo electron transfer cofactor in nitrogenase

S

Fe

Mo

homocitrate





Mechanism of biological nitrogen fixation



GDH

NH4 + 2-oxoglutarate + NADPH + H+ glutamate + NADP+ (1)

GS

NH4 + glutamate + ATP glutamine + ADP + Pi (2)

GOGAT

Glutamine + 2-oxoglutarate + NADPH + H+ 2 Glutamate + NADP+

GDH = glutamate dehydrogenase

GS = glutamine synthetase

GOGAT= glutamine 2-oxoglutarate amidotransferase

ASSIMILATION OF BIOLOGICALLY FIXED  NITROGEN



Thanks



Phyllosphere and its management



Phyllosphere

• The leaf surface is termed as ‘phylloplane’ .

• The zone on leaves inhabited by the microorganisms is known as

‘phyllosphere’and the inhabitants are known as epiphytes.

• J. Ruinen coined (1961) the term ‘Phyllosphere’ from her

observations on Indonesian forest vegetation where thick

microbial epiphytic associations exist on leaves.

• Dominant microorganisms on the leaf surfaces in the forest

vegetation in Indonesia : nitrogen-fixing bacteria e.g.

Beijerinckia and Azotobacter.In general, apart from nitrogen-

fixing bacteria like Azotobacter, other genera such as

Pseudomonas, Pseudobacterium, Phytomonas, Eriwina, Sarcina,

and other unidentified ones also found on plant surface,

especially on leaf surface.



• The microbial communities of leaves are diverse and include
many different genera of bacteria, filamentous fungi, yeasts,
algae, and, less frequently, protozoa and nematodes.

• Bacteria are the most abundant inhabitants of the phyllosphere.
Epiphytic bacterial populations differ sharply in size among and
within plants of the same species, as well as in close proximity,
and over short time as well as over the growing season.

• Epiphytic microorganisms e.g Escherichia, Brevibacterium,
Bacillus, Diplococuss, Pseudomonas, Flexibacterium, Rhizobium,
Beijerinkia, Azotobacter, Xanthomonas, and Micrococcus have
been isolated from the phyllosphere of maize, cowpea, sugarcane
gram etc. Some of them have proved to be potential nitrogen
fixers.

• Fungi and actinomycetes present on the plant surface are:
Cladosporium, Alternaria, Cercospora, Helminthosporium,
Erysiphe, Sphaerotheca, Podospora, Cryptococcus, Actinomyces
,Streptomyces etc.



• Plants parts, especially leaves are exposed to dust and

aircurrents resulting in the establishment of typical flora

on their surface added by the cuticle, waxes and

appendages which help in the anchorage of

microorganisms.

• These microorganisms may die, survive or proliferate on

leaves depending on the extent of influence of the

materials in leaf diffusates or exudates .

• The principal nutritive factors are amino acids, glucose,

fructose and sucrose etc. If the catchment areas on leaves

or leaf sheaths are significantly substantial, such

specialized habitats may provide niches for nitrogen

fixation and secretion of substances capable of

promoting the growth of plants.



Biochemical reactions in the phyllosphere

• Leaf surface microorganisms may perform an effective

function in controlling the spread of air borne pathogens

causing plant diseases.

• Presence of spores of a pathogen on the surface of leaves and

pods results in the formation of a substance known as

‘Phytoalexin’.

• These phytoalexin may normally be present in plants and the

concentration of such a substance may rise in response to

microbial infection. The term phytoalexin is derived from

Greek phyto meaning plant and alexin meaning warding-off

compound.



Factors affecting the population of microbes 

on leaf surface 

• Fluctuations in the physical and nutritional conditions.

• Pigmented bacteria dominate leaf surfaces because of solar
radiation influences on the phyllosphere.

• Bacterial community diversity being lowest during the
warmest and driest months of the season and highest during the
cooler and rainy months.

• Plant species (influence the microbial carrying capacity of the
leaf): Greater number bacteria of recovered from broad leaved
plants (e.g. cucumber and beans )than that recovered from
grasses or waxy broad leaved plants.

• Composition of leaf.

• Communities on young leaves were composed of a greater
number of taxa than those of old leaves.

• Moisture, temperature, topography, leaf architecture,
presence of enzymes and growth inhibitors etc.



• Compounds which induce the synthesis of phytoalexins are known

as ‘elicitor’.

➢ Biotic elicitors: include complex polysaccharides from fugal and

plant cell walls, lipids, microbial enzymes and polypeptides etc.

➢ Abiotic elicitors: include range from heavy metal salts to

detergents, autoclaved ribonuclease, cold and U-V light etc.

Epiphytic microorganisms :

• involved in processes like the carbon cycle (intercepting carbon

compounds released directly from plants or removed by sucking

arthropods and the nitrogen cycles (nitrification of ammonium

pollutants intercepted by plants ; nitrogen fixation) to processes

affecting the health of individual plants.

• synthesize indole acetic acid etc.



As the phyllosphere is both scientifically and economically
considered as an important habitat for microbes and because of
the importance of many phyllosphere microbial inhabitants to
plant health, as well as some human enteric pathogens are also
reside in the phyllosphere necessitated the detailed study of the
interactions of microbes with plants and among themselves.

Management of phyllosphere:

• Spraying of leaves of crop plants with aqueous solutions or
sucrose or with bacterial suspensions has resulted in enhanced
growth and yield of certain legumes and cereals. Apparently, such
sprays may have intensified the biochemical events on the
phyllosphere towards the beneficial side.

-------------X--------------



Rhizosphere and its management



Rhizosphere

Rhizo = Rhiza = root

Sphere = field or area of influence  under the   root

• The term ‘Rhizosphere’ was introduced in 1904 by 

Hiltner to the region of the soil which is subject to the 

influence of plant roots.

• This region is influence by root exudates.

• Variable region where the root production stimulate 

microbial population and activity.



Rhizosphere 

Comprised of different zones:

❑ Endorhizosphere: 

• zone where invasion and colonization of root cortical cells by soil 
microorganisms occurs.

• multi-layered microenvironment, which includes a mucoid layer on 
the root surface, the epidermal layer of the root tissue including the 
root hairs and the cortical cells.

❑ Rhizosplane: Zone of attachment of microorganisms to plant root 
surface (external surface). is the root surface where soil particles and 
microbes adhere. It consists of epidermis, cortex and mucilaginous 
polysaccharide layer.

❑ Ectorhizosphere: outer rhizosphere, that consists of soil 
immediately adjacent to the root.

However, microbial colonization across the soil–root inter face 
is often difficult to distinguish and ,therefore, It is more reasonable 
to consider it as continuum.



Non Rhizosphere

•Zone  of the soil that are not under the influence of 

plant roots.

•It has less microbial activity.



Rhizosphere

Outer rhizosphere

500-5000 µm

Inner rhizosphere

10-500 µm

Rhizoplane

0-10 µm

Root

But defined ‘phases’ may not be helpful because of 

gradients (no sharp boundaries)



Rhizosphere zone



Rhizosphere     vs Non-rhizosphere

In the Rhizosphere:

• Greater number of bacteria, fungi and

actinomycetes etc. are present in the rhizosphere

soil than in non-rhizosphere soil.

• Greater microbiological activity in rhizosphere.

• More enhanced microbial growth.

• More soluble carbon and nutrients.



Microbial diversity in rhizosphere

• Ability to grow on both roots and residue make the

Pseudomonas to dominate in soils among the others.

Other genera of bacteria i.e., Agrobacterium,

Alcaligenes,

Arthrobacter,Azotobacter,Bacillus,Clostridium,Flavobact

erium,Mycobacterium,Cellulomonas,Micrococcus,

Rhizobium and Serratia etc. are either abundant or sparse

in the rhizosphere.

• General influence of microbes varied from beneficial to 

deleterious to near neutral in rhizosphere.



Microorganisms present in the rhizosphere: 

rhizobacteria

• Beneficial :

✓PGPR(Plant Growth Promoting Rhizobacteria)

✓NPR(Nodulation Promoting Rhizobacteria)

✓EPR(Emergence Promoting Rhizobacteria)

✓PHPR(Plant Health Promoting Rhizobacteria) 

✓YIB(Yield Increasing Bacteria)

• Deleterious:

✓DRB(Deleterious Rhizobacteria)

✓DRMO(Deleterious Rhizosphere Microorganisms)



Root exudates

• The plant roots released number of low and high molecular
weight organic substances which are easily available to
organisms.

• Most important contribution of plant is the excretion of root
exudates and sloughed off tissues as source of energy and
nutrients.

• Root exudates directly or indirectly influence the quality and
quantity of microorganisms in the root region.

• The substances exuded by plants roots include amino acids,
sugars, organic acids, vitamins, nucleotides and growth
factors, enzymes many other unidentified substances etc.

• Soil microflora is activated by growing plants and the
nutrient cycling is more rapid in the rhizosphere than in the
non- rhizosphere.



Root exudates: Substrates in rhizosphere

❑ Exudates: Low molecular weight compounds (Sugars, Amino 
acids ,Organic acids  and Vitamins etc.) that leak from the intact 
cells.

❑ Secretions: Compounds that are actively released from the root 
cells.

❑ Plant mucilage: released from various root parts.

▪ By golgi bodies of the root cap cells

▪ Hydrolyates of the primary cell wall between the root cap and 
epidermis.

▪ Secretions from epidermal cells and root hairs with primary walls 
and compounds resulting from the microbial degradation and 
modification of dead epidermal cells.

❑ Mucigel: Gelatinous material on the root surface composed of 
plant mucilage, bacterial cells, metabolic products, colloidal 
organic and mineral materials.

❑ Lysate: Material released through the lysis of older epidermal 
cells.



❑ Plant species and  age

❑ Soil properties

❑ Nutritional status of the plant

❑ Temperature

❑ Light intensity and duration

❑ Presence of microorganisms etc.

Extent of carbon loss from the roots – Rhizodeposition

• Plays a significant role in the rhizosphere effect.

• Not all compounds are released at one stage of plant growth and

development but during the complete cycle from seed emergence to

senescence.

Nature and amounts of substances exuded are 

dependent on



• Provides energy for microbes.

• Attract greater number of microorganisms.

• Keep the soil around the root moist.

• Change the chemical properties of the soil around the

root.

• Defend the rhizosphere and root against pathogenic

microorganism.

• Inhibit the growth of competing plant species.

• Serve as chemo attractants for rhizospheric bacteria e.g.

attraction of Azospirillum by Benzoate.

• Flavonoids released by roots are important signals to

microbes that form nodules and later reduce fee nitrogen.

Importance of Root Exudates



Rhizosphere effect indicates the overall influence of plant 

roots  on soil microorganisms. 

Factors affecting  the rhizosphere effect are:

•Plant species 

•Plant age 

•Soil type

•Soil moisture

•Soil pH 

•Soil temperature

•Cultural and environmental conditions etc.

Rhizosphere Effect 



R:S ratio
•Katzenelson (1965) suggested rhizosphere : non-

rhizosphere ratio of the population to find out the degree of

influence of plant roots on soil microorganisms.

•It is defined as the ratio of microbial numbers per unit

weight of rhizosphere soil (R) to the numbers in a unit

weight of the adjacent non- rhizosphere soil (S).

•Greater rhizosphere effect is seen with bacteria (R:S values

ranging from 10 to 20 or sometimes more) than with

actinomycetes or fungi.

•Only negligible changes are noted with regard to protozoa

and algae.



Role of rhizospheric microorganisms 

Direct effects

➢ Biological Nitrogen Fixation

➢ Nitrification and Denitrification

➢ Solubilization of inorganic Phosphorus, 

Phosphorus uptake

➢ Organic matter transformations

➢ Mineralization and immobilization of 

nutrients

➢ Improve the availability of Potassium

➢ Oxidation-reduction of Sulfur 

➢ Promotion of  plant growth 

➢ Transformation of other elements

➢ Production of soil enzymes etc.

Indirect effects  
I

➢ Degradation of toxic compounds

➢ Change  in morphology of roots

➢ Provide defense against plant 

pathogens

➢ Provide resistance against abiotic 

stresses etc.



▪ Removing hydrogen sulfide, which is toxic to the plant roots.

▪ Increasing solubilization of mineral nutrients needed by the plant

for growth.

▪ Synthesizing vitamins, amino acids, auxins gibberellins and

certain growth promoting substances etc. that stimulate plant

growth.

▪ Antagonizing potential plant pathogens through competition with

pathogens for essential nutrients and the through the production of

antibiotics and HCN.

▪ Production of soil enzymes e.g. Hydrolases , Lyases, Cellulases,

Dehydrogenases, Ureases ,Phosphatases and Sulfatases etc.

▪ Production of metal chelating compounds.

Beneficial effects of rhizospheric microorganisms on plant



Associative and Antagonistic activities in the rhizosphere

• Dependence of one microorganisms on another for extracellular

products like amino acids and growth promoting factors, etc.

known as an associative effect. e.g. Gibberellins and gibberellin

like substances are known to be produced by bacteria (Azotobacter,

Arthrobacter, Pseudomonas and Agrobacterium )commonly

present in the rhizosphere.

• Microorganisms also influence root hair development, mucilage

secretion and lateral root development of several plants.

• Increased germination due to Azotobacter inoculation may be due

to production of growth promoting substances.

• Secretion of antibiotics by microorganisms and resultant

biological inhibition of growth of other susceptible

microorganisms.



• Soil fungistasis: inability of non-dormant spores, sclerotia or

propagules to germinate even under most favourable conditions of

pH, temperature and moisture in soil.The fungistasis could be

released or undone by the rhizosphere effect of plants which

creates a congenial environment for spore germination. The

fungistasis of the sclerotia of Scelerotium cepivorum is released

by certain volatile stimulators associated with roots of Allium.

• Volatile compound alkyl sulphides produced when alkyl cysteine

sulphoxides coming from roots of Alliumbroken down by soil

bacteria, the germ tube is less susceptible to soil fungistasis

although its further development may be modified.

• Root exudates containing toxic substances such glycosides and

hydrocyanic acid may inhibit the growth of pathogens e.g.

exudation of hydrocyanic acid by the flax variety Bison

resistant to Fusarium.



Plant growth promoting rhizobacteria(PGPR)

• Rhizobacteria having the ability to colonize the
rhizosphere very aggressively and improve the
plant growth e.g. Pseudomonas spp.

• Fluorescent pseudomonads improve the plant 
growth by colonizing the root region aggressively 
and create the hindrance in the establishment of 
deleterious rhizosphere microorganisms(DRM) on 
roots, especially those which produce growth 
inhibiting cyanide. 

• Fluorescent pseudomonads suppress major plant 
pathogens like take-all, a root disease of wheat 
caused by Gaeumannomyces graminis.



Possible mechanisms for beneficial effects of PGPRs are:

• Competition for substrate and niche exclusion: Fluorescent

pseudomonads ‘mop up’ nutrients in the rhizosphere because of their

versatility in growth and nutrient absorption. The points of emergence

of lateral roots are favourite spots for DRBs and PGPRs appear to

compete for these spots very effectively.

• Production of siderophores : Siderophores are low molecular

weight, high affinity iron chelators that transport iron into bacterial

cells. Fluorescent pseudomonads produce siderophores which

specifically recognize and sequester the limited supply of iron in the

rhizosphere and thereby reduce the availability of this trace element

for the growth of the pathogen.

• Production of antibiotics : Role of Agrocin-84 produced by

Agrobacterium radiobacter in controlling the crown-gall symptoms

of plants caused by Agrobacterium tumefaciciens.

Phenazin type antibiotic produced by Pseudomonas fluorescence to

control the take-all disease of wheat. However, more than one

mechanism may operate for mediating a biological control.



Siderophore production in the rhizosphere 

• Many microorganisms respond to a depletion in the 

availability of iron (Fe) in soil by producing 

extracellular, low molecular weight iron transporting 

agents known as  siderophores. These siderophores 

selectively complex with Fe and supply the element 

to the living cell.



Manipulation of rhizosphere

Through 

• Plant management (selection of plant species, 
change in cropping pattern, intercropping etc.), 

• Soil management (addition of organic manure etc.),

• Microbial management (selection of biotic 
community), and 

• System approach where plant, soil and microbes can 
be improved simultaneously. 

Therefore, rhizospheric management can help us 
to improve soil health and plant productivity. 



Alteration of rhizosphere microflora

There are different ways:

✓ Soil amendments

✓ Foliar application of nutrients

✓ Artificial inoculation of seed or soil with preparations having live 

microorganisms, especially bacteria (bacterization). 

❖ Translocation of photosynthates from leaves to roots is a well

known phenomenon occurring as part of normal metabolic activity

of plants. Therefore, it is logical that if materials artificially

applied to leaves get into leaf tissue, translocation may not pose

any difficulty problems.

❖ Foliar sprays of urea are known to alter the number and nature of

microorganisms in the rhizosphere.

❖ Foliar sprays of antibiotics, growth regulators ,pesticides and

inorganic nutrients etc. may serve as a tool in biological control of

root diseases.



❖Microbial seed inoculants  of Azotobacter, Beijerinkia, 

Rhizobium or phosphate solubilizing microorganisms may help 

in the establishment of beneficial microorganisms in the 

rhizosphere in the vicinity of growing roots.

❖ Counts of Azotobacter in wheat rhizosphere increased upon 

artificial seed inoculation indicating the efficiency of 

bacterization as a means of altering and improving the 

rhizosphere microflora. 

__________X_________



Biofertilizer and their 
importance in agriculture

NAVNEET PAREEK
Instructor APS 221



BIOFERTILIZERS

 Live preparations of microorganisms, alone or in 

combination, which increase crop productivity by 

way of helping in biological nitrogen fixation, 

solublization of insoluble plant nutrients, 

stimulating plant growth or decomposition of 

plant residues

The term microbial inoculant (culture) is 

appropriate and generally used after the name 

of microrganisms they contain eg.  Rhizobium

inoculant, Azotobacter Inoculant  



Importance of Biofertilizer

• Potential source of nutrients

• Cheap

• Environment friendy

• Required in less amount

• Easy in handling and application

• Give long term benefit



Biofertilizers

Nitrogen fixing Phosphate mobilizing

Symbiotic Nonsymbiotic Phosphate

Solubilizer

Phosphate

Absorber

Rhizobium Azospirillum

Azolla Azotobacter Bacillus Mycorrhiza

Acetobacter Pseudomonas Ecoto

BGA Aspergillus Endo

Penicillium VAM



Rhizobium Inoculant

Rhizobium forms root nodules in legumes

Biofertilizer for pulse crops, groundnut and soybean

Rhizobium – legume association could fix 40-200 kg 

N/ha/season.

Different crops fix different amount of N depending on 

the Crop, Soil and Environmental conditions. 



Amount of N2 fixed by some pulses

Crop Botanical name N2 fixed (Kg N/ ha)

Chickpea Cicer arietinum 3-141

Lentil Lens culinaris 10-192

Pea Pisum sativum 17-244

Faba bean Vicia faba 53-330

Pigeon pea Cajanus cajan 7-235

Green gram Vigna radiata 9-112

Black gram V. mungo 21-140

Cowpea V. unguiculata 9-201

Source : Peoples et al. (1995) 



Response of pulses (yield, Kg ha-1) to 

Rhizobium inoculation at farmers field

Crop No. 

of

trials

Uninoculate

d  
Inoculated 

% 

Increas

e 

Pigeonpe

a 
27 716 845 17.9

Moong 38 547 647 18.3

Urd 18 646 753 16.5

Lentil 18 1046 1163 11.1

Chickpea 59 1161 1241 6.9
Khurana et al 1996



Azotobacter and Azospirillum

inoculants

Biofertilizers for cereals, vegetables and oil 

seed crops

Can provide 20-30 kg N/ ha/year

Also secrete phytoharmones, vitamins and 

anti-fungal compounds in rhizosphere

Inoculation can increase yields from 2 to 

50%.



Response (% increase ) of Azotobacter and 

Azospirillum in field and vegetable crops

Crop Azotobacter Azospirillum

Wheat 10-30 16-39

Rice 1-43 3-17

Maize 9-50 8-53

Sorghum 8-38 2-27

Bajra 8 11

Barley - 0-6

Carrot 16 -

Cabbage 26-45 -

Brinjal 1-42 -

Tomato 2-24 -

cotton 7-27 -

Source: Pareek and Chandra, 1995



BGA inoculant

Biofertilizer for low land rice

Can fix 20-30 kg N/ha/season

Application of 10 kg soil based BGA culture in 

rice can increase the yield up to 10 % under 

optimum conditions. 

Grazers and green algae create problem in their 

establishment 



Performance of BGA on farmers field

Treatment

Rice grain yield (kg/ha)

Vellore
(Av. of 11 

trials)

Trichy
(Av. of 8 

trials)

Cuddalore
(Av. of 11 

trials)

N60P25K25 4235 4557 3789

N60P25K25+ BGA 4455 4735 3884

N75P27.6K27.6 4400 4485 3953

N75P27.6K27.6+BGA 4556 5117 4156

Source: Marwaha, (1995) 



Azolla

o Azolla, a fresh water fern, is biofertilizer for rice

o The fern harbours a N fixing BGA 

o Can grow  in shallow water to produce large biomass

o Each kg Azolla can fix 1.9 to 2.5 kg N in one month 

o Azolla contain about 5.0 %. N on dry weight basis 

o Can be used in rice crop by two ways: 

Green manure or as Dual crop

o One crop of Azolla of 25-30 days gives benefit
equivalent to 30-40 kg N/ha

o The limitation in Azolla use is scarcity of water and 
high temperature in north India



PSB or PSM inoculant
 Some bacteria( Pseudomonas and Bacillus )and fungi    

(Penicillium and Asprergillus ) can solublize insoluble P in 

soil to make it available for plants

 The mechanisms of solublization appears to be either acid 

production or chelation of metal and release of phosphorus.

 Some PSM also produce of plant growth harmones like 

I.A.A, G.A. etc. 

 Can be used in all crops

 May provide 15-20 kg P/ha/season.

 Their inoculation can increase the yield of crops by 10-20 %



Effect of PSB on crop yield

Crop

No. of  

trials

% increase on inoculation

With P With Rock 

phosphate

Rice 7 10-20 5-15

Wheat 8 7-42 5-50

Gram 3 10-30 15-25

Lentil 2 - 13-15

Potato 2 30-50 -

Source: Marwaha, (1995) 



Factors affecting Biofertilizer response

• Host crop and genotype

• Inoculant quality

• Crop management

• Soil factors like available N, moisture, pH, 

temperature etc.

• Environmental conditions



Constraints in biofertilizer adoption

Production and Distribution level

• Unavailability of good strains

• Unavailability of good carrier

• Poor storage facility



Constraints in biofertilizer adoption

Storage and Distribution level
• Low incentive to dealer

• Poor storage facility 

• No sale net work

• Less expiry period

• No buy back Guarantee by 

manufacturers



Constraints in biofertilizer adoption

Field level

• Poor awareness among farmers

• Unavailability in the market

• Poor quality product available

• Farmers do not no handling and use

• Specificity with crops

• No spectacular response





Biodegradation of organic wastes 

Organic matter decomposition (Aerobic decay) 

Soil organic matter 

The organic matter subjected to microbial decay in soil comes from several sources like plant  
remains,  forest  litter,  incorporation  of  plant  and  animal  tissues  and  excretory  products. The  
chemistry  of  organic  matter  is  clearly  very  complex,  and  investigations  of  the 
transformations and the responsible organisms have therefore been extremely interesting. The 
organic constituents of the plants are commonly divided into six categories.  

a) Cellulose      -Most abundant 15-60% of the dry weight 

b) Hemicellulose    -10-30% of the plant dry weight 

c) Lignin      -5 –30 % of the plant dry weight 

d) Water soluble fraction  -5-30%, included simple sugar, a. acids,  

e)  Ether  and  alcohol  soluble  constituents,  a  fraction  containing  fat,  oils,  waxes,  resins  
and  a  number of pigments 

f) Proteins.  

As  the  plant  ages,  the  content  of  water  soluble  constituents,  proteins  and  minerals decreases 
and the % of abundance of cellulose, hemicellulose and lignin rises. 

Soil  organic  matter  comprises  residues  of  plant  and  animals  and  these  compounds occur in 
soil in close combination with inorganic substances. Animals and plant residues are made  up  of  
complex  carbohydrates,  simple  sugars,  starch,  cellulose,  hemicellulose,  pectins, gums, 
mucilage, proteins fats, oils, waxes, resins, alcohols, aldehydes, ketones, organic acids, lignin, 
phenols, tannins, hydrocarbons, alkaloids, pigments etc. 

•  The soil microorganism play important role in the decomposition of soil organic matter. 

•  Bacteria  are  the  dominant  group –mostly heterotrophic organisms (use energy from organic  
sources  such  as  sugars,  starch,  cellulose  and  protein) –are involved. Autotrophic  
organism  which  occupy  a  small  portion  of  the  biomass  in  soil  (and  use inorganic  
sources  such  as  Fe  and  S)  are  not  directly  involved  in  organic  matter 
decomposition. 

•  Actinomycetes grow on complex substances such as keratin, chitin and other complex 

polysaccharides and play active role in humus formation. 

•  Soil fungi are mostly heterotrophs and use organic residues easily 



•  Soil algae contribute a small amount of organic matter through their biomass, but they do not 

have any active role in organic matter decomposition. 

Organic matter decomposition serves two important functions 

a) Provide energy for growth  

b) Supply carbon for the formation of new cell materials 

Hence,  only  heterotrophs are actively involved in the process of decomposition. The relationship 
between organic matter and plant growth may be direct or indirect. 

•  Organic  matter  is  a  natural  substrate  for  saprophytic  micro  organism  and  provides 

nutrition to plants indirectly through the activity of soil microorganisms 

•  It  is  essential  for  the  formation  of  soil  aggregates  and  hence  soil  structure  which 
ultimately determines the soil aeration and rooting habit of plants 

•  Organic  matter  helps  in  the  conservation  of  soil  nutrients  by preventing  erosion  and 

surface run off of nutrients. 

Carbon assimilation 

The  process  of  converting  substrate  to  protoplasmic  carbon  is  known  as  assimilation. Under  
aerobic  conditions  20-40%  of  the  substrate  carbon  is  assimilated,  the  remainder  is released as 
CO2. Fungi are more efficient, in their metabolism, since they convert carbon into cell  carbon  as  
filaments  and  release  less  of  CO2  30-40%  of  which  is  used  to  form  new mycelium  during  
the  decomposition.  Compared  to  fungi,  bacteira  are  less  efficient.   Aerobic bacteria are less 
efficient than anerobic bacteria. 

Mineralization  

-  Conversion of organic Carbon substance to inorganic form of carbon. 

Immobilization 

Assimilation  of  nutrients  and  is  the  mechanism  by  which  micro  organism  reduce  the 
quantity of plant available nutrient in soil. Mineralization is considered well than immobilization. 
During the decomposition of organic matter three separate simultaneous processes can be 
distinguished. The important changes during decomposition are: 

1.  Plant and animal tissues constituents disappear under the influence of enzymes 

2.  Synthesis  of  new  microbial  cells  so  that  proteins,  polysaccharides  and  nucleic  acids 
typical of bacteria and fungi appear. 



3.  Third,  certain  end  products  of  the  breakdown  are  excreted  into  surroundings  there  to 
accumulate or to be further metabolized. 

Importance of organic matter decomposition  

1.  Important  function  is  the  breakdown  of  organic  matter  by  which  CO2available for 
photosynthesis is replenished  

2.  Any  compound  that  is  synthesized  biologically  is  subject  to  destruction  by  soil 
inhabitants, otherwise the compounds would have accumulated in vast amounts on the 
earth’s surface 

3.  Since, organic matter degradation is a property of all heterotrophs, it is commonly used to 
indicate the level of microbial activity. 

Methods to evaluate the decomposition rate 

a)  Measurement of CO2evolution or O2uptake 

b)  Determination of decrease in organic matter either chemically or by weight loss 

c)  Observations on disappearance of specific constituents such as cellulose, hemicellulose or 
lignin. 

Changes during organic matter decomposition 

As a result of development of mixed flora on chemically complex natural products, some 
components  quickly  disappear  while  others  are  less susceptible to microbial enzymes and 
persist. The water soluble fraction contains the least resistant plant components and is thus the first 
to be metabolized. Cellulose and hemicellulose on the other hand disappear not as quickly as  water  
soluble  substances,  but  their  persistence  usually  is  not  too  great.   The  lignins  are highly  
resistant  and  consequently  become  relatively  more  abundant  in  the  residual,  decaying organic 
matter. 

•  At  aerobic  conditions  when  carbonaceous  substrates  are  incorporated  into  soil, 
immediate drop in O2and an increase in CO2content of soil air occurs. 

•  Change  in  (O)  (H)  oxidation  reduction  potential  (Eh) –it is shifted to a more reduced 
condition (fall in oxidation reduction potential). 

The end products of decomposition are - CO2, H2O, NO3, SO4, CH4, NH4 and H2S depending on 
the availability of air. 

Factors influencing the organic matter decomposition 

-  Organic matter level of the soil 
-  Cultivation 



-  Temperature 
-  Moisture 
-  pH 
-  Depth 
-  Aeration 
-  Nature and abundance of micro organic involved.   
-  The extent of availability of C, N, P and K presence of inhibitory substance.  

C: N ratio 

•  Nitrogen is a key nutrient substance for microbial growth 

•  If N content of the substrate is high it is readily utilized and decomposition is faster 

•  If N is poor decomposition is slower, needs additional N 

•  Protein rich substrates are readily decomposed 

•  Low N or wide C:N ratio results slow decay  

•  Optimum level of C: ratio for maximum decomposition is 20-25 (1.4-1.7% N) 

•  Less  than  this  range,  more  microbial  cells,  faster  mineralization  and  it  likely  exceeds 

immobilization 

•  Wider  the  ratio,  lesser  microbial  cells,  slower  the  immobilization   and  mineralization 
increases gradually, resulting in accumulation of Ammonia and Nitrates 

•  Microbes scavenge the soil solution to obtain enough N 

•  At  optimum  level,  there  must  be  an  equilibrium  between  Mineralization  and 
Immobilization 

•  Soil N level constrains the maintenance of C:N (organic carbon /soil o.m) 

•  To make sound soil management 

•  Arable surface -10:1 

 Sub soil  -lower 

Anaerobic decay / decomposition 

The  main  products  of  aerobic  carbon  mineralization  are  CO2,  water,  cells  and  humus 
components.  In  the  absence  of  O2 organic carbon is incompletely metabolized, intermediary 
substances  accumulate,  and  abundant  quantities of CH4and smaller amounts of H2are evolved. 
Energy yield during anaerobic fermentation is low, resulting in fewer microbial cells per unit  of  
organic  carbon  degraded.  Consequently,  organic  matter  breakdown  is  consistently slower 



under total anaerobiosis than in environments containing adequate O2. The rate in water logged 
soils is intermediate between the two extremes.  

When  a  soil  is  water  logged  or  flooded  there  is  a  shift  from  aerobic  to  anaerobic 
transformation. Formation and accumulation of organic acids viz., acetic, formic, butyric, lactic and 
succinic acids appear too, these are frequently detrimental to root development. Organic acids 
accumulate because of the fermentative character of the microflora of wet soils. The an aerobic  
carbon  transformation  are  thus  characterized  by  the  formation  of  organic  acids, alcohols, CH4 

and CO2 as major end products. 

Under anaerobic conds, decomposition of organic residues takes place by the activity of both 
mesophilic, thermophilic microorganism resulting in the production of CO2, H, ethyl alcohol, and 
organic acids. Among mesoophilis, bacteria are more active than fungi or actinomycetes in 
cellulolytic activity. They belong to genus Clostridiumwhich are numerous in manure pits but rarely  
encountered  in  cultivated  arable  soils.   In  compost  pits  both  meso  and  thermopholic 
(bacterial and actinomycetes) are important in the breakdown of cellulose substances.  

The  primary  microbial  colonisers  initially  break  down  the  complex  CH2O  and  proteins into  
organic  acids  and  alcohols.   At  a  later  stage,  the  methane  bacteria  which  are  strict anaerobes  
begin  to  act  upon  the  secondary  substrate  chiefly  lactic  and  butyric  acids  and ferment them 
into CH4 and CO2. 

Humus 

•  A dark coloured and fairly stable soil organic matter with known and unknown physical  and 
chemical properties 

•  It is an integral part of the organic matter complex in soil 

•  Humus can be defined as lingo protein complex containing approximately 

45 % -lignin compounds 

35% -amino acids 

11% -carbohydrates 

4% - cellulose 

7% -Hemicellulose 

3% -fats, wax, resins 

6% -other miscellaneous substances, including plant growth substances and inhibitors. 

•  Age and composition of the humus are dependent on its origin and environment. 



•  Bacterial and algal protoplasm contribute a good deal to the nutritive value of humus 

•  Soil  micro  organism  take  part  in  humus  formation.  Some  fungi  such  as Penicillium, 
Aspergillus and  actinomycetes  produce  dark  humus  like  substances  which  serve  as 
structural units for the synthesis of humic substances. 

Benefits of humic substances  

•  Improved  seed  germination,  root  growth,  uptake  of  minerals  by  plants  and  other 
physiological effects on plant growth 

•  Increases the enzyme activities involved in plant metabolism. Since humic acid serves as 
hydrogen acceptors. 

•  Increases the cytochrome oxidase activity in root systems results in growth stimulatory effect 
(on roots) 

•  Chelating effect –on trace elements Fe uptake by roots 

•  Vigour and yield of plants enhanced  

•  Humic acid known to influence the grown and proliferation of micro organism 

•  Aspergillus niger, Peni, Bacillussp., Azotobacter are enhanced 

The  organic  fraction  of  soil,  often  termed  humus.  It  is  a  product  of  synthetic  and 
decomposing  activities  of  the  microflora.  Since,  it  contains  the  organic  C  and  N needed  for 
microbial development, it is the dominant food reservoir. Because humus is both a product of 
microbial metabolism and an important food source, the organic fraction is of special interest. 

Humus formation 

•  Once  the  plant  or  animal  remains  fall  on  or  are  incorporated  into  the   soil,  they  are 
subjected to decomposition 

•  From the original residues, a variety of products are formed 

•  As the original materials and the initial products undergo further decomposition, they are 

converted to brown or black organic complexes 

•  At this stage any trace of the original remains no longer remains 

•  The native organic fraction originates from two sources: the original plant debris entering the 

soil and the micro organism with in the soil body. The micro organism in soil body, work  
upon  the  former  and  synthesize  microbial  protoplasm  and  new  compounds  that 
become part of the organic fraction. 

•  Humus exist in a dynamic state 



•  Chemistry of humus is complex 

•  It has been pointed out that the organic fraction is derived from 

a)  Plant constituents that are modified by the microflora.  

b)  Constituents  of  microbial  cells  and  products  of  microbial  metabolism  are relatively  
resistant  to  decay  and  therefore  persist  for  sometime  after  death  of organism. 

Interms of specific elements  

The organic fraction contains compounds of C, H, O, N, P, S and small amounts of other 
elements. Only a small portion of the total is soluble in water, but much can be brought 
into solution by alkali. 

Interms of type of compounds 

Humus  contains  a  number  of  polymerized  substances,  aromatic,  molecules, 
polysaccharides, ascorbic acids, polymers of uronic acids and P containing compounds. 

No definite composition can be assigned. It should be considered as a portion of the soil that is 
composed of a heterogenous group of substances, most having an unknown parentage and 
an unknown chemical structure.  

Lignin and lignin derived molecules have long been considered to be of significance in the 
formation of humus. 

It  is  possible  either  that  simple  aromatics  released  in  the  microbial  attack  on  lignin 
polymerize to yield constituents of the soil organic fraction or those partially altered lignins itself 
give  rise  to  humus  constituents.  The monomeric  portions  of  humus  are  similar  to  the 
constituents of lignin. 

Degradation processes 

1. Protein Decomposition: Proteins are complex organic substances containing nitrogen, 
sulphur, and sometimes phosphorus in addition to carbon, hydrogen and oxygen. During the 
course of decomposition of organic matter, proteins are first hydrolyzed to a number of 
intermediate products eg. proteoses, peptides etc. collectively known as polypeptides. 

The intermediate products so formed are then hydrolyzed and broken down 
ultimately to individual amino acids, or ammonia and amides. The process of hydrolysis of 
proteins to amino acids is known as “aminization or ammonification”, which is brought 

about by certain enzymes, collectively known as “proteases” or “proteolytic” enzymes 

secreted by various microorganisms. Amino acids and amines are further decomposed and 



converted into ammonia. During the course of ammonification, various organic acids, 
alcohols, aldehydes etc. are produced which are further decomposed finally to produce 
carbon dioxide and water. All types of microorganisms, bacteria, fungi, and actinomycetes 
are able to bring about decomposition of proteins. In acid soils, fungi are pre-dominant, 
while in neutral and alkaline soils bacteria are dominant decomposers of proteins. 

2. Cellulose Degradation Cellulose is a CH2O composed of glucose units bound by β-linkage 
at carbon 1 and 4 of the sugar  molecule.   The  cellulose  concentration  of  higher  plants  is  
never  fixed  and  the concentration.  It  is  a  polymer  of  glucose  and  is  might  abundant  
organic  material  in  nature changes  with  age  and  type  of  plants.   Woody  materials  
have  more  cellulose  and  succulent tissues had poor, but the concentration increases as the 
plant matures. Cellulose breakdown in soil is influenced by several environmental factors. 
 
Aerobic  organism  converts  cellulose  to  2  major  products:  CO2+ cell substance, but 
certain  group  releases  small  amount  of  organic  acids.  It  is  however  resistant  to  
microbial decomposition.   When  cellulose  is  associated  with  pentosans  (xylan,  
mannans)  itundergoes rapid  decomposition.   When  associated  with  lignin,  the  
decomposition  rate  is  very  low.  

Degradation is by the enzymes that converts cellulose into glucose. (Exoenzymes): 

Exoglucanase 

Endoglucanase 

β -glucosidase (cellulase complex) 

 

Most  cellulolytic  bacteria  do  not  excrete  significant  amounts  of  cellulase  but  
fungi  are found to excrete these enzymes. The soluble sugars released by enzymatic 
hydrolysis are later utilized by the same or other micro organism for biosynthetic purpose. 



3. Hemicellulose Degradation Hemicelluloses are water-soluble polysaccharides and consists 
of hexoses, pentoses, and uronic acids and are the major plant constituents second only in 
quantity of cellulose, and sources of energy and nutrients for soil microflora. They may be 
either homo or hetero polymers. When they are added to soil, degradation takes place at 
faster rate in initial stages. When subjected to microbial decomposition, hemicelluloses are 
degraded initially at faster rate and are first hydrolyzed to their component sugars and uronic 
acids. The hydrolysis is brought about by number of hemicellulolytic enzymes known as 
"hemicellulases" excreted by the microorganisms. On hydrolysis hemicelluloses are 
converted into soluble sugars (eg. xylose, arabinose, galactose and mannose) which are 
further convened to organic acids, alcohols, CO2 and H2O and uronic acids are broken down 
to pentoses and CO2.The hemicelluloses such as mannans are decomposed rapidly while 
galactons (polymer  of  galactose)  are  decomposed  slowly.   Many soil  micro  organisms  
utilize hemicellulose in both aerobic as well as anaerobic conditions. The microbial 
degradation occurs through the agency of extracellular enzymes called hemicellulases. 
Various microorganisms including fungi and bacteria both aerobic and anaerobic are 
involved in the decomposition of hemicelluloses. 

 

4. Lignin Degradation Lignin is the third most abundant constituent of plant tissues, and 
accounts about 10-30 per cent of the dry matter of mature plant materials. Lignin content of 
young plants is low and gradually increases as the plant grows old. It consists of 
heterocyclic aromatic organic  molecules  containing  C,  H  and  O.   The  degradation  is  
very  slow  and  rate  of decomposition  depends  on  the  presence  of  other  compounds  
such  as  cellulose  and hemicellulose  acid.   It is one of the most resistant organic 
substances for the microorganisms to degrade however certain Basidiomycetous fungi are 
known to degrade lignin at slow rates. Complete oxidation of lignin result in the formation 
of aromatic compounds such as syringaldehydes, vanillin and ferulic acid. The final 
cleavages of these aromatic compounds yield organic acids, carbon dioxide, methane and 
water. Lignin  is  highly  resistant  to  microbial  degradation.   Degradation  is  a complex 
process.  

•  Lignin       coniferyl ether        coniferyl alcohol        coniferyl aldehyde        vanillin        vannillic 
acid        protocatechuic acid         ring cleavage 

 

Cellulose decomposing microbes: 
Bacteria  
Bacillus, Pseudomonas, Cellulomonas, Cellulovibrio, Streptomyces, Nocardia, Micromonospora, 
Streptosporangium. Clostridium, Acetobacter, Bacteriodes, Fibrobacter, Rummococcus. 
Fungi 



Penicillum, Trichoderma, Aspergillus, Mucor, Rhizophus, Botrytus, Cladosporium, Agaricus, 
Chaetomium, Cremonium, Fusariun, Foma, Alternaria, Coprinus, polyporus, Rhizoctonia, 
Rhizophus, Verticillium. 
Hemicelluloses and pectin decomposing microorganisms: 
Bacteria 
Erwinia, Arthrobacter, Pseudomonas, Bacillus 
Fungi 
 Aspergillus (possesses mannanase and galactanase),  Thamnidium, Rhizophus,  Botrytus, Fusarium,  
Mucor, Sclorotina, Penicillum, Candida, Kluyveromyces   
Lignin decomposing microbes: 
Bacteria 
Pseudomonas, Azotobacter, Nocardia, Streptomyces  
Fungi 
Chaetomium, Preussia, Poria, Gloeophyllum, Phanerochataeta, Coriolus, Pleurotus, Lintinula, 
Xylaria, Liberlella, Hypoxylon 
 

Extra- cellular enzymes involved in decomposition 

 

Substrate Enzyme Microbial source 

Starch Amylases Erwinia, Bacillus, Chromobacterium, Rhizophus, 
Aspergillus, Penicillium 

Hemicelluloses 
and Pectin 

Hemicellulases 
and Pectinases 

Arthrobacter, Bacillus, Erwinia, Pseudomonas, Rhizophus, 
Fusrium, Penicillium,  

Cellulose Cellulases Bacillus, Cellulomonas, Cellulovibrio, Trichoderma, Foma, 
and Chaetomium 

Lignin Ligninases Arthrobacter, Flavobacterium, Pseudomonas, Trichodrma, 
Basdiomycetes (white rot fungi &black rot fungi) 

Chitin Chitinase Nocardia Streptomyces,  Bacills Pseudomonas, Clostridium  

Peptidoglycans  Many bacteria and fungi 
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Introduction

• Microscope is an essential instrument for a microbiologist. 
• It is an optical instrument consisting of one or more lenses in order to 

enlarge the images of minute objects. 
• In a simple microscope, only a single optical lens is provided, whereas 

a compound microscope has at least two lenses or lens systems i.e. 
objective and eyepiece.



Principle of Microscopy
• Enlargement or magnification of a specimen by a microscope is a function 

of two lenses or lens systems, i.e. occular lens or eyepiece lens and 
objective lens. 

• When, a specimen or object (AB) is placed on a microscopic slide, the beam 
of light, passing from the light source (mirror) through the condenser and 
stage aperture falls on specimen and then enters into the objective and 
occular lenses. 

• The light passes through the objective lens forms a real and inverted image 
of the object, which is called primary image (XY). This image is projected 
within the focal plane of occular lens. 

• The occular lens further magnify this real image and forms a virtual image 
(X'Y'). This virtual (imaginary) and magnified image formed by the occular
lens is seen through eyes of examiner 



Principle of Microscopy

Ray diagram for image formation by compound microscope



Magnification

• The magnification is the function of objective and eyepiece lenses 
and is determined by multiplying the magnifying powers of these two 
lenses. 

• For example, when an eyepiece of 10X and objective lens of 45 are 
used in the microscope, the magnification would be 450 times. 

• The desired magnification by a microscope could be achieved by using 
the occular and objective lenses of different powers.



Resolving power
• The extent of magnification of a microscope is limited by the resolving power of 

its lens system and therefore, the unlimited magnification could not be obtained 
by simply increasing the magnifying powers of the occular and objective lenses. 

• In order for an object to see distinctly, the lens system must have good resolving 
power. Resolving power is the ability of a lens to show, two closely adjacent 
points as distinct and separate. 

• The resolving power of a lens system is a number (i.e. ability, represented 
numerically) used to determine the size of the object that can be clearly seen. It 
varies for each objective lens and dependent on numerical aperture of the lens 
and wavelength of light used. It can be expressed as follows

X
Resolving power =  

2 x NA
Where,
X = Wavelength of light used (usually considered 550 nm for visible light) 
NA = Numerical aperture of lens



550
• Resolving Power = = 220 nm 

2 x 1.25

• This means that objects at a smaller distance than 220 nm cannot be 
distinctly seen by this objective lens.

Resolving power for oil immersion objective can be calculated 
as follows:



Numerical aperture (NA)

•Numerical aperture of an optical system is a 
dimensionless number that characterizes the 
range of angles over which the system can 
accept or emit light. 

• It refers to the light collecting capacity of the 
objective lens and is a function of size of the 
cone of light that will enter the objective and to 
the refractive index (n) of the medium in which 
the lens is suspended, usually air (n=1). 



Oil immersion objective
• In oil immersion objective, the lens remains suspended in oil having, 

thus numerical aperture is more. 

• For low power objective NA is 0.25, for high power objective NA is 
0.65; and for the oil immersion objective it is 1.25. 

• In practice, however, most oil immersion objectives have a maximum 
numerical aperture of 1.4, with the most common numerical 
apertures ranging from 1.0 to 1.35. 



Light pathway from condenser to objective lens (a) without oil and (b) with



Different parts of the microscope

• In soil microbiology laboratory, a compound microscope is usually 
used for the examination of different kinds of microorganisms, such 
as, bacteria, algae, fungi and actinomycetes. 

• The various parts of compounds microscope are described below 



A compound microscope



• Stage : 
It is a fixed platform with a circular opening in the center, which allows
passage of light from an illuminating source, situated below the stage,
to the objective lens system.
This platform provides a surface for the placement of slide carrying the
specimen to be examined. Besides, a fixed stage, the most microscopes
have mechanical arrangements to move the slide horizontally in two
directions with the help of provided knobs.

Some microscopes have spring clips on the fixed stage to hold the slide
in position over the central opening.



• Condenser : 
This is found fixed under the stage. 
It collect and focuses the light on the specimen. 
The condenser is equipped with an iris diaphragm which works like a 
shutter and used to regulate the light entering into objective lens 
system. 
Iris diaphragm can be opened and closed with the help of a lever.



• Illumination source :

• The light source is an essential part of microscope and positioned in 
the base of the instrument. 

• Some/microscopes have an in-built light source to provide direct 
illumination while others have a separate light source. 

• A mirror, one side flat and other concave, is necessary for separate 
light source. An external light source is placed in front of the mirror to 
direct light upward into the lens system. 

• The flat side of the mirror is used for artificial light and the concave 
side for sunlight. Condenser should always be kept close to the stage, 
especially, when oil immersion objective is used.



• Body tube : It is attached to the top of the arm and above the stage in the 
line of stage aperture. It has arrangement to move up and down by two 
separate knobs, one called coarse adjustment, worked with pinion head, 
and other fine adjustment, worked with micrometer head. 

• This tube is a hollow cylinder and usually of a standard diameter and length 
in a monocular microscope. In a binocular microscope, the tube is replaced 
by a binocular tube, with two eyepieces so that both eyes could be used 
simultaneously to observe the object and thus reduce eyestrain. 

• The two eye piece in a binocular microscope can be displaced in relation to 
each other by a sliding action to adjust the inter-pupillary distance of the 
examiner. The upper end of the tube contains occular or eye piece lens. 

• The lower end of the tube consists of a movable nosepiece having the 
different kinds of objective lenses. Rotation of nosepiece quickly facilitates 
the position of different objective lens above the stage opening. 

• The commonly used compound microscope possesses three objectives of 
different degrees of magnification i.e. low power (10x), high power (45x) 
and oil immersion (l00x).



• Stand : 
The above parts of the microscopes rests on a stand. It consists of a 
base or foot, which is mostly a horse shoe shape. From the base, a 
pillar rises, at the top of which through an inclination joint, an arm or 
limbs attached. The stage is attached at the top of the pillar and body 
tube is attached at the top of the arm.



Procedure for Use
• Place the microscope slide with specimen within the stage clips on the 

fixed stage. Move the slide to bring the specimen over the opening in the 
stage directly over the light source.

• Rotate the scanning or low power objective lens into position. Lower the 
body tube with coarse adjustment with its lowest position. Do not lower 
the body tube while looking through the occular lens.

• Look through the occular lens and slowly raise the stage until the specimen 
comes into focus. Bring the specimen into sharp focus using fine 
adjustment knob.

• Adjust the condenser and iris diaphragm to produce optimum illumination.



Procedure for Use
• Once the specimen has brought into sharp focus with a low power 

lens, change the desired high power or oil immersion objectives. 

• When oil immersion objective is used, put a drop of Cedar wood oil 
over the specimen on the slide and observe from the side when 
nosepiece is rotated to bring the objective lens in position. Ensure 
that objective is properly immersed in the oil. Bring the specimen in 
sharp focus using fine adjustment knob.

• Examine several fields of the prepared slide for better examination. 
This should be done without application of additional oil over the 
slide.



Precautions and Care
• Do not touch the lenses. If, the lenses become dirty, clean them by 

wiping gently with lens paper. Towel paper or clothes should never be 
used on the lens surface for cleaning.

• Clean the oil from oil immersion objective after use by wiping with 
lens paper to prevent the drying of oil on the lens surface. 

• Xylol is to be used to clean the stage and other parts of microscope, if 
necessary. However, in case objective lens is gummy or tacky, a 
moistened piece of lens paper saturated with xylol may be used to 
wipe the lens clean. The xylol is then immediately be removed with a 
tissue paper moistened with 95 per cent ethyl alcohol and the lens is 
to be wiped dry with lens paper.



Precautions and Care
• Do not tilt the microscope when working with oil immersion

objective. It may cause the flow of oil on stage and other parts of
microscopes which are difficult to clean.

• Keep the microscope free from dust by keeping it covered when not in
use.

• Carry the instrument by holding the arm with both hands.
• Never allow objective lens to touch the cover slip or slide. Preliminary

focusing to bring the object in view should always be done by raising
the objective using low power objective lens.

• Keep both eyes open when looking through the eyepiece of a
monocular microscope. Closing one eye for long period is tiring. Work
with relaxed eyes. This can be done by imagination that you are
viewing an image, as if it were at infinity. That is "look through the
microscope" but not "into the microscope".



Thanks
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Introduction

• Similar to other organisms, microorganisms also have certain basic nutrient 
requirements for the synthesis of various cell macromolecules; and to obtain 
energy for various life functions and certain environmental conditions in order 
to grow and reproduce. 

• Different microorganism exhibit great diversity in their nutritional requirements 
thus requires numerous recipes for the composition of microbiological media. 

• For example: Some require only inorganic compounds while other needs 
complex organic compounds such as vitamins, amino acids etc. for their 
growth.

• A growth or culture medium is composed of various nutrients in appropriate 
amounts needed for the growth of microorganisms. Culture media vary in form 
and composition depending upon the microorganisms to be cultivated.



ROUTINE LABORATORY MEDIA 

• These are classified into six types: 

(1) Basal media, 

(2) Enriched media, 

(3) Selective 

(4) Indicator media, 

(5) Transport media, 

(6) Storage media.



• BASAL MEDIA. Basal media are those that may be used for growth 
(culture) of bacteria that do not need enrichment of the media. Examples: 
Nutrient broth, nutrient agar and peptone water. Staphylococcus and 
Enterobacteriaceae grow in these media. 

• ENRICHED MEDIA. The media are enriched usually by adding blood, 
serum or egg. Examples: Enriched media are Jensen’s media to grow 
Azotobacter. 

• SELECTIVE MEDIA. These media favour the growth of a particular 
bacterium by inhibiting the growth of undesired bacteria and allowing 
growth of desirable bacteria. Examples: MacConkey agar, Lowenstein-
Jensen media, tellurite media (Tellurite inhibits the growth of most of the 
throat organisms except diphtheria bacilli). Antibiotic may be added to a 
medium for inhibition. 



• INDICATOR (DIFFERENTIAL) MEDIA. An indicator is included in the 
medium. A particular organism causes change in the indicator, e.g. 
blood, neutral red, tellurite. Examples: Blood agar and MacConkey 
agar are indicator media. 

• TRANSPORT MEDIA. These media are used when specie-men cannot 
be cultured soon after collection. Examples: Cary-Blair medium, 
Amies medium, Stuart medium. 

• STORAGE MEDIA. Media used for storing the bacteria for a long 
period of time. Examples: Egg saline medium, chalk cooked meat 
broth



What is culture media?

• A culture medium is basically an aqueous solution to which all the 
necessary nutrients have been added. Depending on the type and 
combination of nutrients, different categories of media can be made.

Use of culture media

• Isolation and characterization of various beneficial microorganisms in 
agriculture

• Mass multiplication of selected potential microbial strains for the 
production of biofertilizers or bioagents.

• Enumeration of culturable microbial cells in soil, water and other 
samples.



Classification of media

Based on ingredients media can be divided in following categories:

• Simple or basal medium 

• Complex medium

• Synthetic or defined medium

• Special medium



• Simple or basal medium :

A medium consisting of nutrients in synthetic or organic form supporting 
the growth of unexacting microorganisms such as several pseudomonads of 
soil and water is called simple or basal medium e.g. Nutrient broth, 
Nutrient agar, simple synthetic nutrient solution 

• Complex or natural culture medium:

Media consisting of the constituents of unknown composition such as plant 
or animal extracts. These media are used for supporting the growth of 
fastidious type of microorganisms e.g. Nutrient agar, Yeast extract broth.



• Synthetic/ defined culture medium:

Growth medium which is composed of known quantities of chemically 
pure, specific organic and/or inorganic compounds is called synthetic/ 
defined medium. The formulation and use of these media requires exact 
knowledge of the nutritional requirement of the microorganism to be 
cultivated e.g. Glucose Salt Broth.

• Special medium:

Many time synthetic or complex culture media are not able to differentiate 
among the closely related bacteria. In such circumstance, special media 
containing one or more chemical compounds that are essential for their 
specific functional property are required for characterization, identification 
and selective cultivation of the bacteria.



These above special purpose media may be of two types:

• Selective media

• Differential media 

Selective media

• Selective media are used to isolate a specific group of bacteria. These culture 
media contain certain chemical substances (antibiotics, dyes, chemicals etc.) 
which allow the growth of desired bacteria and inhibit the growth of other 
bacteria e.g. High salt content (7.5% NaCl) in Mannitol salt agar restrict the 
growth of most  of the bacteria other than Staphyllococcci.

Differential media

• These culture media are used for differentiation among morphological and 
biochemical compounds that following inoculation and incubation produce a 
characteristic change in the appearance of bacterial growth and/ or medium 
surrounding the colonies e.g.  Eosin Methylene Blue Agar (EMBA).



Based on physical state
Based on physical state culture media can be of three types:

• Solid medium
• Semi-solid medium 
• Liquid medium/ broth

• Solid medium
• The aqueous nutrient solution containing a certain solidifying agent is called solid 

medium. The ideal solidifying agent is agar which is added @1.5-2.0 percent 
concentration i.e. 15-20 g/ lit. 

• Agar-agar: It is a complex sulphated carbohydrate composed mainly of ester of linear 
galactan. 

• It is an extract of sea weed (Gelidium corneum) and is without nutritive value. 
• Galactan consists of agarose and agaropectin. 
• Agar has an advantage over the gelatin (previously used as solidifying agent) as it 

melts at 100oC and begins solidifying at below 45oC. 
• Agar is digested by very few bacteria. Gelatin is rarely used as solidifying agent as it 

melts at 26-30oC and number of bacteria can liquefy it. 



• Semi-solid medium

The aqueous nutrient solution containing less than 0.5% 
concentration of agar is called semi-solid medium.

• Liquid medium

The aqueous nutrient solution devoid of any solidifying agent is 
called liquid medium or broth.



Material required

• Conical flasks (500 ml capacity),

• Non-absorbent cotton,

• Aluminum foil,

• Rubber bands,

• Ph paper strips,

• Electrical weighing machine,

• Autoclave,

• Forceps.



Chemicals and composition of culture media

1. Nutrient agar (for bacteria)

Beef extract 3.0 g

Peptone 5.0 g

NaCl 5.0 g

Agar 15-20 g

Distilled water 1000 mL

pH 7.0±0.2

2. Rose Bengal- streptomycin agar (for fungi)

Glucose 10.0 g

Peptone 5.0 g

KH2PO4 1.0 g

MgSO4.7H2O 0.5 g

Agar 15-20 g

Rose Bengal 33.0 mg

Streptomycin* 30 mg 

Distilled water 1000 mL

pH 5.5±0.2

*Autoclave the medium, cool to 45oC and add filter 

sterilized (0.2 µm pore diameter filter) streptomycin



• KenKnight and Munaier’s agar (for actinomycetes)

Dextrose 1.0 g

KH2PO4 0.1 g

NaNO3 0.1 g

KCl 0.1 g

MgSO4.7H2O 0.1 g

Agar 15-20 g

Distilled water 1000 mL

pH 7.0±0.2



Procedure

• Before starting the preparation of media first of all assemble all 
the ingredients of the particular media in your work area.

• Weigh accurately the different ingredients of the medium except    
agar and transfer it to the pre cleaned and oven dried conical 
flask.

• Add the required amount of distilled water and dissolve all the 
ingredients completely.

• Check the pH with the help of pH paper strip and adjust, if 
required with 0.1N HCl or 0.1 N NaOH.



Procedure

• Weigh the requisite quantity of agar and add to the pH adjusted 
medium and heat the suspension to boil to melt the agar. 

• Plug the flasks with non-absorbent cotton and cover it with aluminum 
foil or alternatively wrap with brown paper tightly with the help of 
rubber band over the cotton plug.

• Keep the flasks loosely arranged in autoclave for sterilization at 15 
lbs/inch2 equivalent to121oC for 20 minutes. 
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Introduction

• The soil harbors a myriad population of microorganisms comprising beneficial 
as well as harmful. 

• Which governs the plant nutrient availability through various biogeochemical 
cycles. 

• The microbial population varies greatly through different layers or horizons as 
an influence of management practices, soil pollution, rhizosphere effect, 
environmental conditions etc. 

• To understand the effect of these process and formulate the future strategies 
enumeration of viable microbial population in soil is a sensitive and handy tool. 



Introduction

• A variety of methods are in use for the enumeration of 
microbes. 

• The general approaches for enumeration of microorganisms 
can be grouped in to four broad categories: 

(1) Direct count of cells
(2) Indirect count of cells
(3) Direct measurement of microbial biomass
(4) Indirect measurement of microbial biomass\

These methods measure cell numbers, cell mass, or cell 
constituents that are proportional to cell number



Direct count of cells
• Cells especially of bacteria are counted directly under microscope or 

by electronic cell counter. The most commonly used methods in 
microbiology include using counting chambers and fluorescent dyes.

Indirect count of cells
• Microorganisms in soil sample are diluted to get an appropriate

number of cells per unit volume, which can be counted easily,
grown on a suitable growth medium and observed for the growth
and development of microorganisms to enumerate the number of
microorganisms in original sample.

• This could be achieved by employing VIABLE COUNT and MOST
PROBABLE NUMBER (MPN) technique.



Direct Measurement of microbial biomass

• Measurement of microbial biomass can be ascertained directly by 
weighing the whole cells mass (dry/ wet) and then can be determined 
by correlating with the cell number referring to the standard curve.

Indirect Measurement of microbial biomass

• In this the relatively constant biochemical constituents in microbial

cells such as peptidoglycan (a constituent of bacterial cell wall),

protein (glomalin in AM-Fungi), lipopolysaccharides, ATP and

chlorophyll are measured and then correlated with the cell number

referring to the standard curve.

• Microbial biomass can also be estimated indirectly by measuring

the turbidity correlating with the cell number.



Viable count technique 
• Viable count technique is the most commonly and widely employed for the 

enumeration/quantification of the microbial population in soil. 

• It is the technique in which the count of live cells those who are having 
capability to multiply and form colonies are counted after providing certain 
incubation time to grow in the petri-palates.

• Depending on the resources and time c the number of samples can be 
compromised by making a composite sample(s). Generally 10 g of field 
moist soil is used for the preparation of 10 fold serial dilution to get the 
first dilution. 

• Various diluents are used in making serial dilutions which may help in 
disruption of soil aggregates and may release the microbial cells. 

• Peptone water (0.1%) is the best among various diluents. 

• Plate counts of microorganisms yield only 1-10 percent of those detected 
by direct microscopic examination using counting chambers.



• It is generally accepted that the plate counts are underestimate of 
viable count in soil which can be attributed to:

a. The diluents used may kill propagules

b. Microbial cells may remain clumped together in the suspension

c. Spores may fail to germinate

d. Microbial cells/ propagules may be adhered to the inner walls 
of the pipettes used for serial dilution and plating

e. The growth medium and the incubation conditions 
(temperature, oxygen supply, pH etc.) may be selective which 
may not support the growth of all the metabolically diverse 
microorganisms/ group of microbes 



Principle of serial dilution

• The pre-weighed soil sample is diluted in suitable buffered diluents which 
releases the microbial cells from the soil matrix in suspension to suitable 
cell density which can be enumerated after plating. 

• The main assumption of this method as a means of estimating microbial 
population in soil is that each viable cell of microbe or its propagule in a 
soil suspension will produce a visible colony after its inoculation in plate 
containing appropriate growth medium. 

• The viable population of particular microorganism in a sample examined 
is found by multiplying the number of colonies formed from a particular 
serial dilution with the reciprocal of dilution factor. 



Principle of serial dilution

10 g 
soil 
sample



Apparatus/ equipment

• Top loading balance capable of weighing 0.1g 

• 150 ml dilution bottles or conical flask

• Test tubes

• Sterilized glass beads (2-3 mm) 

• Sterilized spatula/ spoon

• 1 and 10 ml sterile blowout pipettes/ auto pipettes 

with sterile pipette tips 

• Equipment for mixing: reciprocating shaker/ waring blender 

and vortex mixer

• Laminar air flow cabinet/ inoculation chamber

• Sterilized  plates

• L-shaped glass spreader (sterilized by autoclaving/ dipped in 

to alcohol and flaming)

• B.O.D. incubator

• Water bath 



Reagents required:

• Sterile buffered 0.1% peptone diluent dispensed in dilution 

bottles/ conical flask/ test tubes (9,90 or 99 ml)

• Filter sterilized stock solution of streptomycin (3.0 g 100 ml-1)

• Filter sterilized stock solution of actidion (5.0 g 100 ml-1)



Growth media

• Nutrient agar (for bacteria)

• Rose Bengal- streptomycin agar (for fungi)

• KenKnight and Munaier’s agar (for actinomycetes)



Procedure

• Sample collection

• Representative soil sample(s) shall be collected aseptically following the standard procedures. The soil 
sample should be kept in fresh polythene bag/ sterilized container and transport to the lab immediately under 
cool conditions and store in refrigerator at 40C. Soil should not be dried for enumeration of microorganism as 
it would reduce the number of microorganisms.



Preparation of serial dilutions

1. Weigh 10 g field moist soil accurately on top loading balance and suspend it in to first dilution bottle or flask

containing 90 ml diluent and 15-20 g glass beads and shake it vigorously for 5 minutes on reciprocating

shaker. Alternatively, if glass beads are not added then mix it thoroughly in blender/ mixer for 2 minutes to

disrupt the soil aggregates. This will be 1/10 or 10-1 dilution.

2. Weigh the similar sample in the aluminium moisture box for the determination of the dry mass of soil by

drying the sample at 1050C to constant mass (gravimetric method) to express the counts on the basis of dry

biomass of soil.



Preparation of serial dilutions conti..

1. Perform the tenfold dilution by transferring 10 ml from the 10-1 dilution with the help of sterilized

10 ml pipette from the centre of the dilution bottle/ conical flask to the another 90 ml dilution

bottle to get 1/100 or 10-2 dilution. Or 100 fold dilution can be obtained by transferring 1 ml from

the 10-1 dilution to 99 ml diluents which will give 1/1000 or 10-3 dilution.

2. Continue the subsequent serial dilution process by through mixing in between the dilutions by

transferring either 10 ml/ 1ml from previous dilution to 90/ 9 ml dilution blank to get subsequent

higher dilution. Transfer 10/1 ml suspension from 10-2 dilution to the 90/9 ml dilution blank for

subsequent dilution i.e 10-3. Continue the process with 10 fold serial dilution up to 10-8 dilution

for most of the fertile soils or lower dilution depending on the type of sample.



Plating
• In a fertile soil for enumeration of bacteria select 10-6, 10-7, and 10-8, for

actinomycetes 10-5, 10-6, and 10-7 and for fungi 10-4, 10-5, and 10-6 dilutions.

The selection of dilution for plating is generally based on the expected

population of the particular microbial group in sample.

There are two ways of plating:

• Spread plate technique

• Pour plate technique



Spread plate technique

• Spread plate technique for enumerating the microbes in a sample 
involves plating a known volume of liquid sample (soil suspension) 
from the desired dilution on the agar surface having appropriate 
nutrients in Petri plate for the growth and development of microbial 
cells/ propagules with the help of L-shaped glass/ plastic spreader. 

• A perfect spread plate technique will result visible and isolated 
colonies of microbes that are evenly distributed in the plate and are 
countable 



Spread plate technique conti..

1. Pour 15-20 ml of sterilized appropriate medium in pre sterilized dishes under aseptic conditions and allow it

to solidify. After solidification keep the plates half open in laminar air flow cabinet for drying the excess

moisture taking utmost precaution for not to occur contamination. Incubate the poured plates for 24 hours

and check the plates for any growth. Use only the clean poured plates having no contamination for plating

the sample.

2. Prepare three replicate plates for each dilution using spread plate method. Inoculate the surface of the solid

agar with 0.1 ml of the diluted soil suspension and spread it evenly with the help of sterile L-shaped glass

spreader. Use separate glass spreader for each dilution.



a. Transfer 0.1 ml of soil suspension after thorough vortex mixing with the help

of sterilized pipette from the 10-6, 10-7 and 10-8 dilutions on the surface of

plate count agar/ nutrient agar for bacterial enumeration.

b. Transfer 0.1 ml of soil suspension after thorough vortex mixing with the help

of sterilized pipette from the 10-5, 10-6 and 10-7 dilutions on the surface of

Kenknight and Munaier’s agar medium for actinomycetes enumeration.

c. Transfer 0.1 ml of soil suspension after thorough vortex mixing with the help

of sterilized pipette from the 10-4, 10-5 and 10-6 dilutions on the surface of

Rose Bengal-streptomycin agar for fungi enumeration.

Spread plate technique conti..



• Incubate the plates in an inverted position (upside down) at 28±20C for 7 days.

• Record the observations after 48 hours for bacteria, 96 hours for fungi and a week for actinomycetes.

At the end of incubation i.e. after 7 days check the bacterial and fungal plates for new colonies if any,

and add those to the previous count.

• For bacteria select the plates having colony count of 30-300. Counting of colonies can be made using

colony counter. Place the plate over illuminated platform and count the colonies looking through 75

mm magnifier by marking on glass above each colony with tip of marker. Electronic colony counters

or automatic scan colony counters are also available in the market.

• Record the count for fungal and actinomycetes colonies too by marking the colonies.

• Calculate the viable count of microbial group as cfu g-1 of oven dry soil.

Spread plate technique conti..



Pour plate technique

• Pour plate technique is usually the method of choice for enumerating
the colony-forming microbes present in a liquid specimen/ soil
suspension.

• In this method, fixed amount of inoculum, preferably 1 ml, from a
broth/sample is placed in the center of sterile plate using a sterile
pipette.

• Molten cooled agar to 450C (15-20 ml) is then poured into the plate
containing the inoculum and mixed well.

• After the solidification of the agar, the plate is inverted and incubated
at 28±20C for 7 days.

• Microorganisms (bacteria, actinomycetes) will grow both on the
surface and within the medium. Colonies are carefully counted using
magnifying colony counter, if needed and the number of cells/
propagules is ascertained as cfu g-1 oven dry soil



Pour plate technique
Procedure:

1. Melt the requisite media and cool to 450C and keep in water bath set 

at 450C.

2. Take three sterilized plates per dilution to be tested and label with 

dilution number on the bottom of the plate.

3. Transfer 1 ml of the soil suspension from the appropriate dilution 

with the help of the sterilized pipette in the centre of the plate by 

opening it sufficient to insert the pipette.



Pour plate technique

Procedure:

1. Add the 15-20 ml appropriate molten media cooled to 450C to each plate and mix

it by thoroughly by rotating the plate six times each clockwise and anticlockwise

circle. Also move the plate back and forth for six times.

2. Allow the medium to solidify. After solidification, incubate the plates in an

inverted position (upside down) in B.O.D. incubator at 28±0.20C for seven days.

3. Record the observation for enumeration of bacteria, fungi and actinomycetes as

detailed under spread plate technique.



Observations

• Record the observation in the following tables:

Medium: Plate count agar/ 

Nutrient agar                                   

Organism: Bacteria

Medium: Kenknight and 

Munaier’s agar                                   

Organism: Actinomycetes

Dilution No. of colonies Dilution No. of colonies

10-6 X 10-5 X

10-7 Y 10-6 Y

10-8 Z 10-7 Z

Average A Average A



Medium: Rose Bengal-streptomycin 

agar                                   Organism: 

Fungi

Dilution No. of colonies

10-4 X

10-5 Y

10-6 Z

Average A

Observations

Volume of diluted suspension used : 1/0.1 ml
Dilution factor (reciprocal of dilution) : 1/dilution
Soil moisture correction factor : (Moist weight of soil/ oven dry weight of soil)



Calculations

•No. of colony forming units g-1 of oven dry soil = 

No. of average colonies X dilution factor X soil moisture correction factor

volume of soil suspension plated

Total Microbial counts=         No. of colonies of Bacteria 
+Fungi + Actinomycetes



Characteristics of microbial colonies

• Bacteria: Bacterial colonies are mucilaginous, slimy, smooth and shiny. They

are of varying form, size, surface, elevation, margin, opacity and colour.

• Fungi: Fungal colonies are cottony in nature with dark centre and lighter

margins having different colours. The colonies may be circular or irregular in

shape with varying morphological characteristics.

• Actinomycetes: Actinomycetes colonies develop slowly and generally appear

after 96 hours. They are dry, powdery and leathery in appearance with light

centres and sub-surface in nature.
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Importance of Pure culture
• A pure culture is one that contains only a single type 

(species) of microorganisms and that have developed 

from a single cell. 

• Pure cultures are suitable for the study of their cultural, 

morphological, physiological and biochemical 

properties so that they may be exploited for commercial 

applications.

• Microorganisms exhibit great degree of variations with 

respect to shape, size, and other cultural characteristics 

which are helpful in the isolation of pure culture. 



Culturing Microbes

We use five “I’s

Inoculation: Transfer a pure culture for growth

Isolation: Colony on media, one kind of microbe, 

pure culture

Incubation: Growing microbes under proper 

conditions

Inspection: Observation of characteristics (data)

Identification: Use of data, correlation, to identify 

organism to exact species



Culturing Microbes

The Five “I’s

Inoculation: Producing a pure culture
Introduce bacteria into a growth medium using “aseptic technique” to 

prevent contamination.  Tools:  Bunsen burner, loop. Needle, etc.



Inoculation: Producing a pure culture
Introduce bacteria into a growth medium using “aseptic technique” to 

prevent contamination.  Tools:  Bunsen burner, loop. Needle, etc.



Isolation of pure culture

• Methods used for isolation of pure cultures 

are the streak plate, pour plate and spread 

plate. 

• First diluting the microbial cells of mixed 

culture and then growing them on agar 

plate as separated colonies to achieve 

isolation. 

• Finally, microorganism can be isolated and 

maintained as pure culture on an agar 

slant.



Isolation:  Colony on media, one kind of 

microbe, pure culture: isolation on general 

and special “differential media”

General growth media:  Nutrient Agar

Differential: Eosin Methylene Blue

Dyes and salts are used to inhibit the growth 

or differentiate agents to see the differences 

on plates





Materials required:

• Sterile petri dishes, 

• Growth medium (as described in the previous 

exercise), 

• Sterile water blanks (9 mL), 

• Sterile pipettes, 

• Bunsen burner, 

• Inoculating loop, 

• Bent glass rod, 

• 95% ethyl alcohol, and 

• Soil or mixed microbial culture.



Procedure
Pour plate method: 

• Weigh 1 g fresh soil and suspend it into 99 mL

sterilized water blank in a conical flask to obtain a

dilution of 1/100(10-2) times. Shake the flask for 5

minutes with hand or on mechanical shaker.

• Transfer 1 mL diluted soil suspension from the first

flask (10-2 times) to another flask containing 99 mL

sterilized water aseptically with the help of sterile

pipette to obtain a 10-4 times dilution. Repeat this step

to obtain a soil suspension of 10-6 and 10-8 times

dilution.



Pour plate method:

• Transfer 1 mL of diluted soil suspension (10-4

and 10-6 times) to separate sterilized petridishes

in duplicate under aseptic conditions with the

help of sterile pipettes.

• Pour about 15-20 mL of molten medium (at

temperature~50°C) to each petridish.

• Rotate the petridish gently to ensure uniform

mixing of the soil suspension with the medium

and allow the medium to solidify.



Pour plate method:

• Incubate the petridishes at 28±2°C for 24 to 72

hours and after appropriate incubation period

observe the petridishes for morphological

characteristics (i.e. shape, size and colour etc.)

of discrete isolated colonies.

• Select a distinct isolated colony of desired

microorganism and transfer it on sterilized

agar slant of the same medium.



Pour plate method:

• Incubate the slant culture at 28±2°C for 24 to 72 

hours to obtain the sufficient growth of 

inoculated microorganism and after proper 

labeling, store the culture in refrigerator for 

further use.



Streak plate method: 

• Prepare agar plates of desired medium by 

pouring about 15-20 mL molten medium in 

sterilized petridishes and allowing the medium to 

solidify in the petridishes.

• Pick the microbial culture or a loopful soil 

suspension from the test tube of desired dilution 

with the help of sterile inoculating loop. 



Streak plate method: 

• Streak it gently on the surface of the solidified 

medium several times and repeat the same 

streaking procedure by turning the plate at 900 

for two more times.

• Incubate the petridishes in inverted positions in 

incubator at 28±2°C for 24 to 72 hours.

• Observe the petridishes for discrete colonies 

and note down the colony appearance and 

characteristics on agar plate.



Streak plate method: 

• Select a distinct and well isolated colony of 

desired microorganism and transfer it on to 

sterilized agar slant of the medium with the help 

of sterilized inoculating loop.

• Incubate the slant culture at 28±2°C for 24 to 72 

hours to obtain sufficient growth of inoculated 

microorganism and after proper labeling, store 

the culture in refrigerator for further use. 



Procedure o streaking



Isolation:  Colony on media, one kind of 

microbe, pure culture – Streak Plates



Four- way streaking method

• The four-way streak method is more common. It 

involves four individual streaks.

• The best results are obtained when the loop is 

sterilized or flamed between streaks when using 

a stainless steel inoculating loop. 

• The plate is turned between streaks. The first 

quadrant is a tight streak, and the most growth is 

here.



Four way streaking method



Spread plate method:

• Prepare agar plates of suitable medium by pouring 

about 15-20 mL molten agar medium in sterilized 

petridishes and allowing the medium to solidify in 

the petridishes.

• Prepare serial dilutions of the given soil from 10-1 

to10-8 times as described above under pour plate 

method.

• Transfer 1.0 mL of soil suspension from 10-4 to10-8

in the center of the agar plates, in duplicate, with the 

help of sterile pipettes aseptically.



Spread plate method:

• Spread the culture or soil suspension evenly with 

the help of sterilized bent glass rod or spreader 

over the surface of the medium in petridish 

aseptically. Sterilize the spreader or bent glass 

rod every time after use.

• Incubate all the petridishes in inverted position at 

28±2°C for 24 to 72 hours to obtain sufficient 

growth.

• Observe the development of separate and distinct 

colonies.



Spread plate method:

• Select a distinct and well isolated colony of 

desired microorganism and transfer it on to 

sterilized agar slant of the same medium with 

the help of sterilized inoculating loop.

• Incubate the slant culture at 28±2°C for 24 to 72 

hours to obtain sufficient growth of inoculated 

microorganism and after proper labeling, store 

the culture in refrigerator for further use.



Spreading of inoculum



Isolation:  Colony on media, one kind of 

microbe, pure culture.  Many colonies?  Use 

a needle, pick one, and redo streak plate



Differential:  Mac, EMB,  SS

These have dyes, salts, inhibiting 

agents : see differences on plates



• Inspection:  Observation, description
• Colony Morphology, Microscopic examination (grams stain)

• Systematic recording of “DATA”



Microbiology – Chapter 3

• Microscopic study:  Gram + bacilli, Gram -

bacilli



Thanks


