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Introduction

Beginning of the last century it was believed that plants and animals were the
only two groups of living systems which participated in cycle of life in nature.
At that time they observe the presence of microorganisms in sewage water,
manures, human saliva etc.

The study of microorganisms is called as microbiology.
By the end of the nineteenth century microorganisms were recognized as an
important group of biological system on earth.

Introduction to Microorganisms- In all 5.4 lakh different species of
microorganisms have been recorded on earth. Among this 3.2 lakh plant
species.

Microorganisms under broad classification include

300 of viruses species

1400 of blue green species

1625 of algae species

1630 of bacteria species

40,000 of fungi species

Microbiology is greek word- Mikros- small, Bios- life, Logos- Science

Agriculture is latin word – ager- field, Cultura - cultivation

Generally the minute body is the key characteristics of microorganisms.
smallest of the group are viroids which are actually nuclic acid fragments of
243-240 of nucleotides followed by viruses (150- 300/ µm), bacteria (1- 2/ µm),
protozoa (2- 300/ µm), (5- 10/ µm) and algae (3- 30/ µm).



The soil represents a favorable environment for a diverse range of
microorganisms including bacteria, fungi, algae, viruses and protozoa and
therefore these microorganisms are abundantly and sometime quite densely
found in soil. On an approximation, generally per gram of soil encompasses
almost one to ten million of microorganisms. Among all microorganisms,
bacteria and fungi are the most prevalent. All these microorganisms interact
with one another, the environment and with the soil to create constantly
altering conditions. The interactions between these multiple factors are
responsible for the variation of soil types of a particular place and constitute
distinct branch of agriculture microbiology called Soil Microbiology. The activity
of all these microorganisms is vital for the soil and is accountable for soil quality,
texture, structure and other properties as well.

Based on the applied aspects of microbiology it can be divided in to several
branches-

a. Medical Microbiology

b. Agriculture microbiology



It can be further classified in to-

Soil microbiology- Soil microorganisms can be classified as bacteria, 
actinomycetes , fungi, algae, protozoa and viruses. Each of these groups has 
different characteristics that define the organisms and different functions in the 
soil it lives in.

Pathology- It also involves the understanding of interaction of environmental
factors and host with infecting microorganisms. The microorganisms which
cause diseases in the plants are called as plant pathogens.

Food Microbiology- Some of the promising examples where the microorganisms
have been extensively used to aid up food industries are- Beer and wine
production by yeast, bread making, processing of milk to dairy products by lactic
acid bacteria and the production of vinegar by acetic acid bacteria.

Dairy microbiology- Dairy Microbiology deals with microorganisms associated 
with milk and milk products. The science comprises of the study of the control 
and destruction of undesirable microorganisms leading to spoilage of the milk 
and milk products on one hand while on the other, dairy microbiology also deals 
with intentional and directional introduction of beneficial microorganisms.



Agriculture Aerobiology- is a branch of biology that studies organic particles,
such as bacteria, fungal spores, very small insects, pollen grains and viruses,
which are passively transported by the air.

• Industrial Microbiology- It involves the study of Production of medicinal
products such as antibiotics and vaccines, fermented beverages, industrial
chemicals, production of proteins and harmones by genetically engineered
microorganisms. In 1893 Wehmer used fungi for the production of citric acid
and Fleming in 1929 discovered that fungi produce antibiotics and it was the
beginning of chemotherapy and control of infectious diseases by the use of
microbial products.

Pollution Microbiology- the efforts to remove such unhealthy conditions
through biological agencies is referred as bioremediation. This can be
achieved either by creating conditions which encourage acceleration of
biodegradation by biological organisms at polluted site, or by new organisms
which are more efficient. Such new organism may be selected from nature or
may be created in the lab by genetic manipulation.

eg. Genetically engineered strain of Pseudomonas putida is highly effective in
degrading crude petroleum and p. cepacia is used to removal of chlorinated
hydrocarbons from effluent of pesticide manufacturing plant.



Microbial biotechnology- it is defined as the scientific manipulation of living
organisms, especially at molecular genetic level to produce useful product. An
important way of such manipulation is import a gene of choice from a donor
to a prospective producer through a vector to produce a transgenic
organisms.

Importance of Microbiology- with advances in our knowledge of biology it has
been realized that plants, animals and microorganisms are interdependent.

Wide prevalence of microorganisms in natural substrata has been established.

• Microorganisms play important role in the decomposition of organic matter.

• Fixation of atmospheric nitrogen in soil

• Release of nutrients from soil and water to plants and animals.

• Knowledge of soil microorganisms help us to understand the biochemistry of
of organic matter decomposition

• It also improve our understanding the pathogenecity, infectivity to plants and
animals.

• Knowledge also helps us to understand the formation of vitamins and
antibiotics



History-

• Microorganisms were the earliest of the living things that existed on the earth.

• Palentology have shown that the earliest form of life on earth was a unicellular 

alga formed about 2000million years ago.

• Role of microorganism as a source of food for other forms of life and in 

various other physiological and biochemical processes on earth has become 

more significant 

• Microorganisms has played and still continuing pivotal role in the evolution 

process of earth.

The existence of microbial world was unknown until the invention of

microscope, which were invented at the beginning of 17th century. Antony Van

Leeuvenhoek (1674) A dutch cloth merchant, first time designed a

microscope. He mounted a spherical lens between two metal plates. The object

was placed on a blunt pin which is capable of focusing with the two screens.

All the main kind of unicellular microorganisms which are known today,

Algae, Fungi, Bacteria, Protozoa, Yeast were first described by Leeuven hoek.

He was first to describe the spermatozoa, RBC, free living as well as parasite

protozoa and the bacteria which are called animal cules (small animal).



Robert Hook- which was very capable and careful observers used compound
microscope. But since compound microscope in 18th century suffered with
serious optical defects. So he could not repeat many of the finer
observations reported by Leeuven hoek.

Origin of microorganisms- After the discovery of microbial world people
wonder about their origin. Earlier there was two school of thought-

• Some believed that animal cules originate spontaneously from non-living
matter i.e. spontaneous generation or oliogenesis.

• Other (including Leeuven hoek) believed that microorganisms were
formed from seeds or germs of their animal cules.

In ancient time, it was self evident that some plants and animals can
be generated spontaneously so it was accepted with out question until the
revival or renaissance. With the increase of knowledge, it become evident
that spontaneous generation of plants and animals does not occur.

Franscesco Redi (1665) – showed that maggots that develop in putrefying
meat are the larval stage flies and will not appear if meat is protected by
in a vessel covered with fine gauze. So the flies will not lay eggs on it. He
destroyed the myth that maggots develop spontaneously in the meat.



• Lazzaro Spallanzani (1765)- Middle of 18th century first time provide strong
evidence that microorganisms do not arise spontaneously. He boiled beef
broth for an hour and then sealed the flasks. No microbes appeared following
incubation. He concluded that animalcules can be carried in to infusion by the
air.

• John Needham (1748) reported that microorganisms arose spontaneously. He
reported that bacteria appeared in tightly stoppered flasks where boiled
mutton broth was kept. Spallanzani to prove his point used hermatic sealing
(as mechanical plugs could not completely exclude air) and observed no
bacteria.

• Till now oxygen was discovered by Priestley, canvendish etc. Oxygen was found
essential for life. It was then agreed that hermatic sealing recommended by
Spallanzani exclude air (O2) and thus present microorganisms, because it
excluded O2 required for microbial growth. This controversy remained till the
middle of 19th century of Pasteur experiments.



Louis Pasteur (1860)- French organic chemist showed that growth did not
occur in infusion which had been heated but exposed to air provided the
incoming air was treated to remove the microorganism. He demonstrated

• Air contain microscopically observable “organized bodies,” He aspirated large
quantities of air through a tube containing gun cotton plug to serve as filter.
The gun cotton was then removed and dissolved in mixture of alcohol and
ether. Then he examined the sediments and found that the sediments contain
not only organic matter but also small round or oval structures which were
identical to microorganisms.

• Argument against spontaneous generation- he sterilized infusion in flask with
open ‘S’ shaped (swan neck) tube which allowed the settlement of dust and
microorganisms at the bend in tube. Results showed that infusion remained
free from microorganisms.

Earlier to Pasteur, Schulze and Schwann (1837) also demonstrated above fact.
They supplied air after passing through heated glass coil ( Schwann) or
through H2 SO4 or KOH (Schulze) and found that broth remained clear and free
from microbes while in uncontrolled air supply flask broth become cloudy. The
supporter of spontaneous generation counter acted by suggesting that these
process removed the life giving power of air (Vital force).



• John Tyndall (1877) finally disapproved the spontaneous generation theory
and proved that dust carried the germs. He showed that sterile infusion placed
in a dust free air chamber (Optically empty air) could remain sterile indefinitely
even if kept exposed to air. Tyndall during his experiments he concluded that
bacteria have phases one relatively thermolabile (growing phase destroyed by
heating or boiling for 5 minutes) one thermo resistant (bacterial spore can not
destroyed even boiling for more than 5 hours). He developed a method of
sterilization by discontinuous heating, later called Tyndallization, which could
be used to kill all bacteria in infusions. He found that discontinuous boiling for
1 minute on successive occasions would make the infusion sterile where as
continuous boiling for one hour would not.

Opinion that fermentation and purification are purely chemical process On the
other hand Pasteur was of view that yeast cells were required for the
conversion of sugars to alcohol. He had suggested that fermentation are the
results of microbial activity. In later years Pasteur studied a number of
fermentative processes and concluded that-

• Fermentation is invariably accomplice by the development of microorganisms

• Each type of fermentation is defined by major end product and carried out by
specific type of microorganisms.



Buchner (1897) –Showed that intact yeast cells were not required for the
conversion of sugars to alcohol and CO2 but cell free yeast juice also serve
the purpose. He concluded that active agent to bring this change is a
protein and he gave the name ‘zymase’ . Thus he supported Leibig’s view
that living cells were non required for fermentation.

Other contribution of Pasteur-

• Showed that air contain microbes and their number in the atmosphere
varied from place to place.

• Gave process of pasteurization for preserving wine, fruit juice and milk.

• Discovered anaerobic life and gave aerobic life (life in the presence of
oxygen), anaerobic and facultative anaerobic terms.

• Discovered the causal agents of fowl cholera and vaccine for fowl cholera
and anthrax and rabies.

Germ Theory of disease- C.J. Davaine (1963-68) reported rod shaped
objects in blood and organs of cattle that had died due to Anthrax. He also
showed that these objects were responsible for the transmission of
disease in sheep, cattle or other domestic animals.



Robert Koch ( 1878) – A German Doctor first time cultured these
organisms and transmitted the disease through a series of 20 mice by
successive inoculation. A characteristic symptom was observed at each
transfer, the four experimental steps stated by Koch are known as koch’s
postulates-

• The causative agent of disease ( Microorganisms) must be present in every
case of disease.

• The microorganisms/ agent must be isolated from diseased host and
grown in pure culture.

• The specific disease must reproduce when pure culture is injected in to
the healthy susceptible host.

• The microorganism must be reisolated once again from the experimentally
injected host. Exception leprosy bacterium causative organism is difficult
to grow.

Growth of soil Microbiology- The role of legume in soil to enrichment ,
accumulation of nitrates in soil due to organic matter decomposition were
known to Romans in 17th and 18th centuries. French and English under
took a campaign soon after French revolution for organic waste
composting. The first scientific observation was reported by-



• J.B. Bassingault (1838)- Legume fix atmospheric nitrogen in soil, through he did
not find any proof.

• Leishman, W.B. (1958) and Woronin, M.S. (1866) –demonstrated that nodule
in legumes were formed by specific group of bacteria. Some considered them
pathogens infecting the roots.

• Justus Van Leibig (1856) – Nitrates were formed in soil due to addition of N
fertilizers but he did not stated the real cause of nitrification.

• R. Warington (1878) – Demonstrated that nitrification in soil is a microbial
process and this took place in two steps-

• The first being the conversion of NH4
+ to NO2

- and the second is NO2
- to

NO3

• H. Hellrieige and H. Wilfarth (1886) – suggested that bacteria in root nodules
of legumes for nitrogen and made it available to plant.

• S.N. Winogradsky (1890) – demonstrated beyond doubt the role of bacteria in
Nitrification. He isolated two group of microorganisms and showed their
nitrifying capacity through experiments. ( Father of microbiology)

• S.N. Winogradsky (1893) and Beijrinck (1893 and 1991) established that
nitrogen transformation in nature is due to activities of microorganisms.



• M.W. Beijerinck (1901) – first time isolated bacteria from root nodule, and
called it Bacteria radicola.B. Frank (1889) gave the name Rhizobium.

• Lipman, JG. And P.E. Brown ( 1903) – studied ammonification of organic
substances in details.

• Selman A. Waksman (1942) – published a book “Principle of Soil Micribiology”

• which fill up this branch of Microbiology. He studied the role of fungi and
actinomycetes in cellular decomposition. He also showed the importance of
soil as source of antagonistic organisms.

• L. Hiltner (1904) – Coined the term “ Rhizosphere” to denote the region
around the root Surface with increased microbial activity.

• Nobbe and Hiltner (1894) – first time produced laboratory grown culture of
rhizobia under the name ‘Nitragin’ on a layer of solid medium containing
sugars, aspergine, gelatin and extracts of leguminous plants.

• M.W.Beijerinck (1908) – demonstrated fixation of atmospheric nitrogen by
Azotobacter in pure culture.

• B. Frank (1885) – gave the term” mycorrhiza” to denote the association of
fungal symbionts with plant root.

• J. Dobereiner ( 1976) – highlighted the Azospirillum an associated of fungal 
symbionts  in grasses.

• P.K.De (1939) – suggested the role of blue green algae in the fertility of rice 
soil.



• In 1940’s C.N. Acharya contribute towards better utilization of Agriculture
production of biogas and compost.

• In 1970’s R.J. Swaby from Australia developed biosuper by mixing rock phosphate,
sulphur and thio bacilli.

Growth of Plant Pathology – In earlier time the plant diseases as in human
diseases, were considered as ‘God sent’ and as punishment of God to the wrong
doing of man.

• Rabigo was considered a special Rust God causing rusting of wheat. They used to
celeberate a festival Robigalia for playing this God year after year to save the wheat
crop.

• P.A.Michili (1729)- Italian botanist studied several fungi and describe their
morphology.

• M. Tillet (1775), F. Fontana (1767) and G. Targioni(1768) – established the role of
fungi in plant diseases.

• I.B. Prevost (1807) – Contagious nature of smut was demonstrated.
• Anton De Bary (1831-1888)- studied life histories and parasitic cycles of fungi and

their biological adoptions and physiological aspects called father of Plant
Pathology.

• Khun (1825-1910) – wrote a book on plant disease and developed perfected seed
treatment method for control of cereal smut.

• Klebs George ( 1857- 1910) – Physiology of fungal sporoulation. Kleb’s law
• T.J. Burril (1887-) – proved the pathogenecity of bacterium which was isolated

from fire blight of Pear.



• AdolfMayer (1870) – first time transmitted virus from diseased to healthy
plants with Tobacco mosaic.

• D. Iwanowsky (1892) – showed that Tobacco mosaic virus is submicroscopic
and able to pass through porcelain filter and fully infectious to healthy plants.
Beijerinck confirmed the above observations and named the disease causing
agent as ‘virus”.

• D. Herelle ( 1916) – drawn the earlier conclusion of Twort ( 1915) that
bacteria are susceptible to viruses. He also gave term ‘ Bacteriophage’.

• W.M. Stanley (1935)- isolated, purified and crystallized the tobacco mosaic
virus.

• Mycoplasma like organisms (MLO’s) also cause plant disease were reported by
Japanese scientists during (1967). More than 50 diseases which were
previously known to cased by viruses are now known to be by mycoplasma like
organisms

• T. Needham (1743) – first time noticed a plant disease associated with
nematode.

• M.J. Berkeley ( 1857) and H. Schacht (1857) – first time discovered the root
knot nematodes and cyst nematodes of sugar beet.

• George Kleb’s ( 1857- 1918) – A german studied the physiology of fungal
sporolution and formulated some important law called Kleb’s law.



Earlier biologists recognized two primary group of organisms-

i. Plants    ii. Animals  

The criteria taken into consideration for justifying this system appear to 
have been locomotion, response to external stimuli, mode of nutrition, 
chemical composition of cell wall and development of contractile and 
conductile structures in the body of the organisms.

Character Plants Animals

Functional character-

Energy source Light Chemical energy

Carbon source Carbon dioxide Organic compounds

Growth factor

requirement

None Complex

Active movement Absent Present

Structural

characters

Cellwall Present Absent

Chloroplast Present Absent

growth Open closed



Some microorganisms had both plant and animal like character. The major
criteria which differentiated plant and animals were

• Power of active movements

• Photosynthetic ability

Multicellular, photosynthetic, immotile algae were placed in plant kingdom as
they resemble to plants but non photosynthetic, coenocytic fungi because of
their general immotility were also classified with plants on the basis of their
immotility.

Among protozoa, ciliates and amoeba which lack the cell wall could fit in to
animal kingdom but other protozoan could not. Some protozoan were
phototrophs, other chemotrophs. To overcome this problem E.Haekel (1866)
proposed a new kingdom Protista to include algae, fungi, protozoa and
bacteria. If includes both

• Photosynthetic and non-photosynthetic

• Members sharing the properties of both plants and animals



Procayotes- some cells such as, typical bacteria the nuclear substance was not
enclosed by a nuclear membrane are called procaryotes eg. All bacteria
including blue green bacteria. While in other cells such as fungi, algae and
protozoa the nucleus was enclosed by a membrane is called as eucaryotes.

Major differences between prokaryotic and eukaryotic microorganism

Eukaryote Prokaryote

Cytoplasmic structures

Endoplasmic reticulum Present Absent

Galgi apparatus Present Absent

Lysosomes Present Absent

Mitochondria Present Absent

Chloroplast Present or Absent Absent

Ribosomes 80S ( Cytoplasmic)

70S (organellar)

70S

Microtubular system Present Absent

Organelles bounded by

non unit membrane

Absent Present or Absent

Presence of cell wall

containing peptidoglycon

Contain chitin or cellulose

but not peptidoglycan

No chitin or cellulose in

cell wall
Genetic organization



Genetic organization

Nucleoplasm bounded by

membrane

Present Absent

No. of chromosomes >1 1+ plasmids

Chromosomes containing

histones

Present Absent

Presence of nucleolus Present Absent

Division by mitosis or

meosis

Present Absent

DNA in organelles Present Absent

Genetic recombination by

a. Fusion of gamites

b. Formation of partial

diploids by

unidirectional transfer

of DNA

Present

Absent

Absent

Present



Some enclusive function of Eukaryotic cell

• Phagocytosis- Bulk transport of small solid objects enclosed by an
infielding of cytoplasmic membrane in the form of membrane enclosed
vacuole. eg. Phagocytosis of bacteria and phagotrophic bacteria

• Pinocytosis- Entry of droplets of liquids like phagocytosis in eukaryotic
cell.

• Endocytosis- Phagocytosis and Pinocytosis

• Secretion of material in galgi apparatus: A membrane bound vesicle ie.
Lysosomes are formed containing hydrolytic enzymes.

• Intracellular digestion- Lysosomes can not act on the constituents of cell
in which they are formed as enclosed by lysosomal membrane. They fuse
with vacuole formed by endocytosis and hydrolyse the materials (or cells)
contained in the vacuoles. The hydrolytic products then into surrounding
cytoplasm.





Eukaryotic Protists

The eukaryotic forms include a highly divergent group of living things, which
can be divided into three major groups as protozoa, Algae and Fungi.

i. Protozoa- Microscopic unicellular organisms with complex life cycle. They
requires large amount of moisture for growth. On the basis of movement
classified in four classes-

a. Mastigophora- movement by one or more flagella. Cells divide by longitudinal
fission. eg. Trypnosome, Trichmonas

b. Rhizopoda- Motility by pseudopodia, but some form flagella and reproduce by
binary fission. eg. Entameoba histolytica

c. Ciliata- Motility by numerous cilia, division by transverse fission and cells
contains two nuclei. eg. Paramecium and Tetrahymena pyriformis

d. Sporozoa- generally non motile but some show creeping or gliding movement
and they are parasitic. eg. Plasmodium sp. Vivax, malariae,ovalc, falciparum



ii. Algae –These are the lower form of plants, sowing no differentiation of their body
into root, stem or leaves. Algae are a group of aerobic and photosynthetic
organisms characterized by their ability to photosynthesize in the presence of
atmospheric carbon dioxide and solar energy. They are mostly found in water and
marshy environments, but a few are also encountered in soil, on rocks and tree
trunks. All of them are pigmented and the colour varies from green to blue and
red. They can be classified into six major phyla-

• Chrysophyta- are diatoms and golden algae, mostly unicellular carry pectin and
silica in their cell wall. eg diatom and synuria

• Euglenophyta- are euglinoids, unicellular with one or two anterior flagella and no
cell wall. eg. Euglina

• Chlorophyta- are the green algae, with characteristic green chlorophyll pigments
and two identical flagella per cell.eg. Chlamydomonas, volvox

• Pyrrophyta- are diflagellates i.e. with two unequal lateral flagella and with
chlorophyll, carotinoid and xanthophylls pigments. e.g. Gonyaulax

• Phaeophyta- it includes brown algae, which are multi cellular with motile asexual
and sexual phases and with chlorophyll and xanthophyll pigments. e.g. Laminaria

• Rhodophyta- are red algae mostly multicellular non motile carrying chlorophyll
phycocyanin and phycoerythrin pigments. e.g. Gelidium (produce agar).



iii. Fungi – Eucaryotic lower plants devoid of chlorophyll. They are
saprophytic in nature. They are usually multicellular but are not
differentiated in to root, stem and leaves. They range in size and shape
from single celled microscopic yeast to giant multicellular mushroom and
puff balls. True fungi are composed of filaments and masses of cells, which
make up the body of the organisms called mycelium. They reproduce by
fission, by budding or by spores- molds, mildews, yeasts and rusts belong
to this group. They are classified into-

a. Zygomycota or phycomycetes-

• This group comprising several moulds, saprophytes, soil dwellers, aquatic
forms strictly obligate parasite and facultative pathogens.

• The general characteristics is that the members of this group possess a
coenocytes or multinucleate, non-septate mycelium.

• The mycelium is usually well branched hyaline and thin walled.

• A sexual spores bearing body is zygomycotina is known as sporangium
which contains sporangiospores.

eg Rhizopus, Allomyces, Pytrhium, Mucor , cunninghmella etc



b. Ascomycetes-

• All ascomycetous fungi have well developed hyphae, septate and mostly
uninucleate.

• Both asexual and sexual reproduction observed.

• Asexual reproductive structures are the thick walled chlamydospores or
sclerotia.

• There are several other forms of asexual spores called conidia through which
they are propagate

• Sexual reproduction is highly charaterized by the formation of ascospores in
side the sac like structure called Ascus.

• eg. Aspergillus, Penicillium, yeast etc

c. Basidiomycetes-

• They are characterized by bearing their spores exogenously on club shaped cells
called basidia.

• The members are divided on the basis of shape, structure and arrangement of
basidia. In heterobasidiomycetes the basidia are septate and in case of homo or
holobasidiomycetes the basidia are nonseptate.

• eg . Ustilago (smut), Puccinia (Rust), Agaricus (Mushroom)



d. Deuteromycetes-

• Members belonging to this class of fungi possess septate mycelium

• They are reproduce by means of asexual spores (Conidia) only.

• They also known as fungi imperfecti (means sexual reproduction is
completely absent)

• Conidia are highly variable in shape, size, colour etc

• eg Alternaria, Fusarium, candida etc

Slime Molds- Slime molds are not classified as true fungi although the show
some characteristics of typical fungi during certain part of their life cycle.
They generally found on decaying wood. They are the naked mass of
protoplasm.

Acellular slime molds- fusion of individual cells occur eg Physarum

Cellular slime molds- Plasmodium is formed with out fusion of individual
cells. eg Dictyostelium discoidium etc



Procaryote -

The kingdom procaryotes in Bergey’s Mannual of Determinative Bacteriology (8th

Edn) 1974 is divided in to two division-
A. Cynobacteria
B. Bacteria
Bacteria further divided in to 19 parts.

The latest edition of “ Bergey’s Mannual of systematic Bacteriology” also includes 
molecular sequencing informations. It consists 4 volumes

Vol.I (1982)- Covers Gram-ve Bacteria of medical and Industrial Significance
Vol. II ( 1986) – Gram+ve Bacteria of medical and Industrial Significance
Vol.III. (1988) – Remaining Gram – ve bacteria including Archebacteria and   

Cynobacteria
Vol.IV. (1988) – Gram + ve filamentous spore forming bacteria (Actinomycetes)

Broad classification of Procaryotes-
Based on structural character the nature of the bounding layer of cell. It divided in to 

three groups
1. Mycoplasma- Organisms which do not synthesize cell wall and the membrane 

serve the outer boundry of cell. The first membrane of this group was identified 
Pluropneumonia and thus designated as PPLO. Eg Mycoplasms, Scholeplasma
Since mycoplasma do not synthesize peptidoglycan, they are insensitive to 
antibiotics like penicillin which affect peptidoglycan synthesis.



2. Gram +ve Bacteria- Which synthesized a monolayerd cell wall.
Peptidoglycan cell wall 50-80% of total weight of cell wall (20-3- nm).

3. Gram –ve Bacteria- Cell wall composed of at least two distinct layers. They
have a dense inner layer (2-3 nm wide) which is called rigid layer. This
layer is over lain by a thicker (8-10nm) outer layer called outer membrane.
Peptidoglycan is in inner rigid layer and only 1-10% of total wt. of cell wall.

Difference in cell wall of Gram +ve and Gram –ve Bacetria

Component Gram +ve Gram -ve

Thickness Thicker wall (20 – 25ηm) Thinner (10-15 ηm)

Layers A single thick. layer Two layers (a Peptidoglycan layer 
and  outer membrane).

Peptidoglycan Account for 50% dry
weight of cell wall

Only about 10% of cell
wall.

Other constituents Polysaccharides and
Techoic acids

Outer membrane is rich in
phospholipids, proteins or Lip-
polysaccharides. Peptidoglycan 
layer is linked to outer – membrane
by Braun’s lipoprotein



Susceptibility to
a) Penicillin
b) Mechanical 
disintegration

More susceptible
Less susceptible

Less susceptible
More susceptible

Bacteria
Bacteria are the biological cells that constitute a large domain of prokaryotic
microorganisms. Typically very small in size or merely a few micrometres in
length, bacteria have a number of shapes, ranging from spheres to rods and
spirals. Bacteria are thought to have been the first organisms to appear on
earth, about 4 billion years ago and have adapted to almost all available
ecological habitats.

Size:
0.5 to 1.0 μm in diameter, surface area/ volume ratio is exceedingly high
favoring unusually high rate of growth and metabolism of bacteria. No
circulatory mechanism is needed to distribute the nutrients that are taken in,
due to this high surface to volume ratio.



Bacterial Morphology

Bacterial morphology is very diverse. The bacterial shapes directly affect
biological functions, including mode of nutrition, motility, dispersion, stress
resistance and interactions with other organisms.

Although, bacterial shape is genetically determined, but physical or
environmental forces (may be internal and/or external) exerted on cells are
increasingly recognized as responsible players in deciding bacterial shapes.
Bacteria are unicellular with a distinct morphology. The shape of bacteria can
be broadly classified in to Ellipsoidal or spherical, Cylindrical or rod like and
spiral or helical.

A. Spherical or Ellipsoidal : They also called as cocci.. These forms arrangements
of spherical bacteria are based on their mode of multiplication. These are
spherical or oval cells (the word cocci is taken from kokkos meaning berry). The
cocci bacterial cells occur either singly or in pairs, as tetrad, in chains and in
bunch.

a. Slightly elongated cocci in pairs, formed due to binary fission in one plane are
called Diplococci. eg D. pneuminiae

b. Cocci in large chains formed due to continuous binary fission in one plane
called streptococci. eg. S. lactis





c. Binary fission in different directions results in formation of bunch of cocci is

called stephylococci. eg. S. aureus

d. Sarcina is formed due to binary fission in three planes at right angle to each other

(Means in cuboidal/ cubical form). eg. S. lutea

e. Cocci are arranged in four cells squares (tetra cocci) eg. Micrococus forogenus

(ii) Rod shaped or cylidrical (Bacilli) : The cylinder shaped bacteria vary in

length, diameter and may have square, round or pointed ends (the word bacilli

is taken from bacilus meaning rod). They further divided in to –

a. Singly- ( Singular Bacillus) Bacilli or rods eg Pseudomonas

b. In pairs-Diplobacilli eg. Lactobacillus

c. In chain- Streptobacilli eg B. subtilis

(iii) Vibrioid- bacteria less than one complete twist or turn. eg- Vibrio cholerae
(iv) Spiral or helicoidal (curved) : Mostly found singly, some are tightly coiled

rods while some have loosely twisted tape like structure. eg . Aquaspirillum

(V). Pleomorphic- That can exhibit a variety of shape eg Arthrovacter

Size measured in µm (micrometer)

Smmalest- Spirillum parvum -0.1 – 0.3 µm,

largest – Beggiatoa mirabilis 16x 25 µm

But mostly Cocci- 0.7 to 1.2 µm , Rods- 0.5 to 1.25 µm dia and1 to 1.25 µm length

Spiral- 01 to 02 µm dia and several µm in length



Cell structure

Bacteria, being unicellular prokaryote, have simpler internal structure.
Unlike eukaryotes, it lacks all membrane bound cell organelles such as
nucleus and nucleolus, mitochondria, lysosome, golgi, endoplasmic
reticulum, chloroplast, peroxisome, glyoxysome, and true vacuole. The
outer layer of the bacterial cell consists of two components, the outer
rigid cell wall and inner plasma membrane. The bacterial structures
outside the cell wall and inside the cell wall are listed as follow:

Components of bacterial cell wall

A.  Outside cell wall B.  Inside cell wall

Capsule
b. Flagella
c. Pili
d. Slime

Cytoplasmic membrane
b. Cytoplasm
c. Ribosome
d. Mesosome
e. Cytoplasmic Inclusions
f. Nucleoid
g. Spore



Cell wall

The cytoplasm of all the bacteria is enclosed within cell membrane,
external to which a very rigid cell wall is present that gives shape to the
bacterial cell. Cell wall constitutes a significant portion of the dry weight of
the bacterial cell and is very essential for bacterial growth and division.
The major functions of the bacterial cell wall are as follow:

(i)  Protection from osmotic lysis: the cell wall prevents the cell from 
expanding and eventually bursting due to water uptake (the pressure 
inside the cell = 300 lbs/in2)

(ii) Virulence factor: cell wall can be responsible for causing virulence in host

organisms.

(iv) Defence against host immune response

(v) Protection from some toxic substances



Chemical composition of bacterial cell walls

Chemically the cell wall is composed of peptidoglycan or murein which is
made up of sugar and amino acids. The structure of peptidoglycan consists
of long polymers of two sugar derivatives N acetyl glucosamine (NAG) and
N acetyl muramic acid (NAM) with side chains of four alternating D-and L-
amino acids attached to the NAM . The peptidoglycan and peptide chains
are cross linked to provide rigidity to the cell wall.

The cross linked peptidoglycan and peptide chains in the bacterial cell wall



A polyalcohol called Teichoic acid is embedded in it and responsible for linking
peptidoglycan to cytoplasmic membrane and thus provides rigidity to the
peptidoglycan. On the basis of cell wall composition, bacteria are classified into
two major group ie. Gram Positive and Gram negative. Actually, Bacteria are
termed gram negative or gram positive based on a staining called Gram
staining.

Gram positive bacteria have cell walls made up of peptidoglycan. The cell wall
of the gram-positive bacteria also contains teichoic acid, which is made up of
alcohol (glycerol or ribitol) and phosphate. These bacteria would retain the
gram stain and observed as violet colored after the application of iodine (as
mordant) and alcohol (Ethanol as decolorizer). The bacteria whose cell walls are
made up of an outer membrane in addition to the inner peptidoglycan layer are
called as gram-negative. The outer membrane is made up of
Lipopolysaccharides, lipoproteins, and phospholipids. These bacteria would be
decolorised by alcohol owing to the lipidous outer membrane and lose the
stain crystal violet, so they have to be counterstained by secondary stain
safranin to appear pink in color.

major differences between gram-positive and gram-negative bacteria



Bacterial
characters

Gram Positive Gram Negative

Cell Wall Their cell wall is smooth and 
single layered 

They have a wavy and double
layered cell-wall

Cell Wall thickness The thickness of the cell wall is 
20 to 80 nanometres

The thickness of the cell wall is
8 to 10 nanometres

Peptidoglycan Layer It is a thick layer It is a thin layer

Teichoic acids Presence of Teichoic acids Absence of Teichoic acids

Outer membrane The outer membrane is absent The outer membrane is present

Porins Absent Occurs in outer membrane

Morphology Cocci or spore forming rods Non spore forming rods

Flagella Structure Two rings in basal body Four rings in basal body

Lipid content 
Lipopolysaccharide

Very low 
Absent

20 to 30 %
Present

Toxin Produced Exotoxins Endo toxins and exotoxins

Major differences between Gram-positive and Gram-negative bacteria



Resistance to Antibiotics More susceptible More resistant

Examples Staphylococcus, Streptococcus 
etc.

Escherichia, 
Salmonella, etc

Gram staining
characteristics

These bacteria retain the 
crystal violet color even after 
they are washed with acetone 
or alcohol and appear as 
purple colored when 
examined under the
microscope after gram 
staining.

These bacteria do not
retain the stain color
even after they are
washed with acetone
or alcohol and appear
as pink colored when
examined under the
microscope after gram
staining

Gram staining - Gram staining method is one of the important and most explicit

procedures in Microbiology. It was developed by Danish physician Hans Christian
Gram in 1884. Gram staining is widely used as the primary basis of bacterial
identification and frequently used for taxonomic division. Classic Gram staining
techniques usually involve three following steps/processes as follow:
(a) Staining with crystal violet ( water soluble dye): crystal violet stains are applied
onto the bacterial cell. Due to the presence of the peptidoglycan layer on the cell
walls of gram positive bacteria, these bacteria will retain the crystal violet stain.



(b) De-colorization (using ethanol/acetone): The ethyl alcohol or acetone is used

to decolorize the bacterial sample. Actually ethanol dehydrates the
peptidoglycan layer and thus tightens and condenses it more tightly. In this
way, the tight layer of peptidoglycan inhibits the crystal violet to penetrate
across it, and hence the crystal violet stain is trapped in the cell wall of gram
positive bacteria.

(c) Counterstaining (using red dye Safranin): Gram negative cells cannot retain
the crystal violet iodine complex so when safranin is applied on the outer
membrane of gram negative bacteria the color is lost. Actually, the safranin is
relatively a lighter stain as compared to crystal violet therefore it does
interrupt the purple coloration in the gram positive cells.

Structures outside cell wall –
Capsule- The capsules are the outmost structures of bacterial cells. These are the

gelatinous secretion of some bacteria which provides cell with additional
protection helps them in preventing phagocytosis of bacteria. Phagocytosis is a
type of endocytosis in which any cells uses their plasma membrane to swallow
up a large external particle. These capsules are secreted by the cell into the
external environment and are highly impermeable.



However, the capsules are considered to be a major virulence factor of
bacteria. That means almost all the bacterial pathogens including
Streptococcus pneumoniae, Klebsiella pneumonia, Neisseria
meningitidis, Haemophilus influenza and Escherichia coli etc. have
polysaccharide capsules on their surface.

(b) Flagella- These are long (about 20 nm) hair or whip like helical
filaments extending from cytoplasmic membrane to exterior of the cell.
These flagella help bacteria to move towards nutrients and other
stimuli. The long filament of flagella comprises of many subunits of a
single protein called flagellin. This protein is synthesized within the cell
and extends through the centre of flagella. Flagellin is highly antigenic
and have key role in cell motility. The position of the flagella varies with
the bacterial species. Functionally and structurally, it is divided into
three parts, the filament, hook and the basal body. Filament is
connected to the hook at cell surface, the hook and basal body are
bordered in the cell envelope.

The arrangement of flagella are described as follow-
(i) Monotrichous – single flagella on one side
(ii) Lophotrichous – tuft of flagella on one side
(iii) Amphitrichous – single or tuft on both sides
(iv) Peritrichous – surrounded by lateral flagella along the periphery



Arrangement of flagella in bacterial cell



(c) Pili / Fimbriae - It is hair-like proteinaceous appendage used for adherence to a
host (in case of a pathogen), or for transferring DNA when bacteria conjugate.
As compared to flagella, fimbriae is thinner, smaller and more in number (as
many as 1,000 fimbriae in one bacterial cell). Also, they do not have role in cell
motility. Bacteria use fimbriae to adhere to other bacteria or animal cells. The
fimbriae is comprised of a protein subunit called pilin.

(d) Slime (extracellular polysaccharide) - This is an extracellular material, loosely

associated with some bacterial species. Slime facilitates colonization of smooth,
prosthetic surfaces such as intravascular catheters.

Structures inside cell wall
(a) Cytoplasmic membrane- It is present just below the cell wall and present in

both Gram positive as well as Gram negative bacteria. It is a thin but semi-
permeable layer that encloses the cytoplasmic contents of the bacterial cell and
is made up of a phospholipid bilayer and proteins. Being hydrophobic in nature,
it acts as a barrier and prevents the outflow of the cytoplasmic constituents
which is hydrophilic.



(b) Cytoplasm- Similar to the eukaryotes, bacterial cytoplasm is also a colloidal
system consisting of a variety of organic and inorganic constituents such as
80% Water and 20% Salts, Proteins. They are rich in ribosomes, DNA and fluid.
Apart from chromosomal DNA, the extra choromosomal DNA is
characteristically closed and circular. These extra chromosomal DNA is called
Plasmids. They are highly coiled and complexed with polyamines and other
support proteins.

(c) Ribosomes- Ribosomes are the platform of protein synthesis whereby they
receive the genetic commands and translate these in the form of specific
proteins. Ribosomes are composed of ribosomal RNA and protein. The
bacterial ribosomes are slightly smaller than the ribosomes of eukaryotic cells
and composed of two subunits namely 50S and 30S as opposed to 60S and 40S
in eukaryotes. These two subunits combine together to form complete 70S
ribosomes during protein synthesis (also called translation process). Here “S”

denotes a Svedberg unit which is basically a non-metric unit for the
sedimentation rate or 28 sedimentation coefficient and is considered as a
measure of time defined as 10-13 seconds. The sedimentation coefficient
refers to the rate at which a molecule or particle precipitate at the bottom of a
test tube under the centrifugal force of an ultra-high speed centrifuge.



(d) Mesosomes- They are vesicular structure produced by localized and inward

folding of plasma membrane into the cytoplasm. Mesosomes are rich in

respiratory enzymes and other enzymes responsible for DNA replication and

cell division.

(e) Nucleoid- The nucleus is not distinct in prokaryotes and hence called

nucleoid. It doesn’t have a uniform shape and size as there is no nuclear

membrane around it. The nucleoid is principally composed of several copies

of DNA which exist in the form of closed, continuous and coiled thread. In

addition, nucleoids also have some RNA and proteins.

(f) Spore- Some bacteria form highly resistant resting stage called spores, which

helps them to sustain in adverse environmental conditions. They are neither a

reproductive form nor a storage granule. These spores enable bacteria to be

resistant against the adverse environmental conditions and bactericidal agents

as well as. There exists three layers in the spore namely core, cortex and

spore coat.



Nutrition group of 
Bacteria



• Nutrition is substances used in biosynthesis and energy production and

therefore are required for all living things.

• Bacteria, like all living cells, require energy and nutrients to build proteins

and structural membranes and drive biochemical processes.

• Bacteria require sources of carbon, nitrogen, phosphorous, iron and a large

number of other molecules.

• Carbon, nitrogen, and water are used in the highest quantities.

• The nutritional requirements for bacteria can be grouped according to the

carbon source and the energy source.

• Some types of bacteria must consume pre-formed organic molecules to

obtain energy, while other bacteria can generate their own energy from

inorganic sources.



Nutritional types of bacteria- On the basis of carbon source /  nutrition  

bacteria are divided into two groups-

i. Autotrophic

ii. Heterotrophic 

1. Autotrophic bacteria-

These bacteria synthesize all their food from inorganic substances (H2O, CO2, H2S

salts). The autotrophic bacteria are of two types:

(i) Photoautotrophs

These bacteria capture the energy of sunlight and transform it into the chemical

energy. In this process, CO2 is reduced to carbohydrates. The hydrogen donor is

water and the process produce free oxygen. Photoautotroph has Chlorophyll

pigment in the cell and its main function is to capture sunlight e.g., Cyanobacteria.

Some photoautotrophic bacteria are anaerobes and have bacteriochlorophyll

and bacteriovirdin pigments respectively.

Purple Sulphur Bacteria:

These bacteria have the pigment bacteriochlorophyll located on the

intracytoplasmic membrane i.e., thylakoids. These bacteria obtain energy from

sulfur compounds e.g., Chromatiiun. Theopedia rosea, Thiospirilium.



Green Sulphur Bacteria:

These bacteria use hydrogen sulfide (H2S) as hydrogen donor. The reaction

takes place in the presence of light and pigment termed as bacteriovirdin or

bacteriopheophytin or chlorobium chlorophyll e.g., Chlorobium limicola,

Chlorobacterium etc.

These bacteria take hydrogen from inorganic sources like sulphides and

thiosulphates. Therefore, these bacteria are also known as photolithographs.

(ii) Chemoautotrophs

These bacteria do not require light (lack the light phase but have the dark phase

of photosynthesis) and pigment for their nutrition.

These bacteria oxidize certain inorganic substances with the help of atmospheric

oxygen. This reaction releases the energy (exothermic) which is used to drive

the synthetic processes of the cell. They are-



Sulphomonas (Sulphur bacteria):

These bacteria obtain energy by oxidation of elemental sulphur or H2S, 

e.g., Thiobacillus, Beggiatoa.

Elemental Sulphur Oxidizing Bacteria: Denitrifying sulphur bacteria oxidize 

elemental sulphur to sulphuric acid e.g., Thiobacillus denitrificans

2S + 2H2O + 3O2 → 2H2SO4 + 126 kcal.

Sulphide Oxidizing Bacteria: These bacteria oxidizes H2S and release 

the sulphur e.g., Beggiatoa.

2H2S +4O2 → 2H2O + 2S + 141.8 cal

Hydromonas (Hydrogen bacteria)

These convert hydrogen into water, e.g., Bacillus pantotrophus, 

Hydrogenomonas.

2H2 + O2 → 2H2O + 55 kcal.

4H2 + CO2 → 2H2O + CH4 + Energy

Ferromonas (Iron bacteria):

These bacteria inhabit water and obtain energy by oxidation of ferrous 

compounds into ferric forms. e.g., Thiobacillus ferroxidans, Ferro bacillus, 

Leptothrix.

4FeCO3 + 6H2O + O2 → 4Fe (OH)3 + 4CO2 + 81 kcal.



Methanomonas (Methane bacteria):

These bacteria get their energy by oxidation of methane into water and 

carbon dioxide.

Nitrosomonas (Nitrifying bacteria):

These bacteria get their energy by oxidation of ammonia and nitrogen 

compounds into nitrates.

Nitrosomonas oxidises NH3 to nitrites. 

NH3 + ½O2                H2O + HNO2 + Energy

Nitrobacter converts nitrites to nitrates. 

NO2 + ½O2 NO2 + Energy

Carbon Bacteria:

These bacteria oxidizes CO into CO2 e.g., Bacillus oligocarbophillous, 

Oligotropha carboxydovorans

2CO + O2 → 2CO2 + Energy



ii. Heterotrophic Bacteria-

• The heterotrophic bacteria obtain their-ready made food from organic

substances, living or dead.

• Most of pathogenic bacteria of human beings, other plants and animals are

heterotrophs.

• Some heterotrops have simple nutritional requirement while some of them

require large amount of vitamin and other growth promoting substance. Such

organisms are called fastidious heterotrophs.

Heterotrophic bacteria are of three types:

a. Photoheterotrophs

• These bacteria can utilize light energy but cannot use CO2 as their sole source of

carbon.

• They obtain energy from organic compounds to satisfy their carbon and electron

requirements. Bacteriochlorophyll pigment is found in these bacteria.

eg., Purple non-sulphur bacteria (Rhodospirillum, Rhodomicrobium,

Rhodopseudomonas palustris).



b. Chemoheterotrophs

• Chemoheterotrophs obtain both carbon and energy from organic compounds such 

as carbohydrates, lipids and proteins.

Glucose or Monosaccharide [(CH2O)n] + O2 → CO2 + H2O + Energy

• There are three main categories that differ in how chemohetrotrophs obtain their 

organic nutrients:

(i) Saprophytic bacteria.

(ii) Parasitic bacteria.

(iii) Symbiotic bacteria.

i) Saprophytic bacteria

• Saprophytic bacteria obtain their food from the dead and organic decaying matter

such as leaves, fruits, vegetables, meat, animal feces, leather, humus etc.

• These bacteria secrete enzymes to digest the food and absorb it.

• The enzymes secreted to break down the complex compounds such as

carbohydrate and protein, into simpler soluble compounds, which are easily

absorbed.

• Examples are Bacillus mycoides, B. ramosus, Acetobacter etc.



ii) Parasitic bacteria

• These bacteria obtain their nutrition from the tissues of the hosts on
which they grow.

• They may be harmless or may cause serious diseases.

• Parasitic bacteria which cause various diseases in plants and animals are
known as pathogens, e.g., Bacillus typhosus, B. anthracis, B.tetani.
B.diplheriae, B.tuberculosis, B. pneumoniae, Vibrio cholerae,
Pseudomonas citri etc.

iii) Symbiotic bacteria

• Symbiotic bacteria live in close association with other organisms as
symbionts.

• They are beneficial to the organisms.

• The common examples are the nitrogen-fixing bacteria,
e.g., Bacillus radicicola, B. azotobacter, Rhizobium,
Clostridium, Rhizobium spp., B. radicicolaand B. azotobacter.

• These bacteria live inside the roots of leguminous plants.

• These bacteria fix free atmospheric nitrogen into nitrogenous
compounds which are utilized by the plants. In return, the plant provides
nutrients and protection to the bacteria.



Classification on the basis of  energy source

On the basis of energy source organisms are designated as:

i.Phototrophs:

• The organisms which can utilize light as an energy source are known as
phototrophs. These bacteria gain energy from light.

ii. Chemotrophs:

• These bacteria gain energy from chemical compounds. They cannot carry out
photosynthesis.

Classification on the basis of electron source-

i. Lithotrophs:

• Some organisms can use reduced organic compounds as electron donors and are
termed as Lithotrophs.

• They can be Chemolithotrophs and Photolithotrophs

a. Chemo-lithotrophs: These bacteria gain energy from reduced inorganic
compounds such as NH3 as a source of electron eg; Nitrosomonas.

b. Photo-lithotrops: These bacteria gain energy from light and use reduced
inorganic compounds such as H2S as a source of electrons.
eg: Chromatium okeinii.



ii. Organotrophs:

• Some organisms can use organic compounds as electron donors and are

termed as organotrophs.

• Some can be Chemoorganotrophs and Photoorganotrophs.

a. Chemo-organotrophs: These bacteria gain energy from organic

compounds such as glucose and ammino acids as a source of

electrons.eg; Pseudomonas pseudoflora.

• Some bacteria can live ether chemo-lithotrophs or chemo-

organotrophs like Pseudomonas pseudoflora as they can use either glucose

or H2S as electron source.

b. Photo-organotrophs: These bacteria gain energy from light an d use

organic compounds such as Succinate as a source of

electrons.eg; Rhodospirillum.



Generation time - A single cell continually increases in size until it is
approximately double in size (original), then cell division occurs, resulting in
the formation of two cells. “ The time required for the formation of two cells
from one parent cell is called generation time”. It also called as doubling time.

Generation time vary widely among microorganisms any where between
minutes to days, 20 minutes in E. coli and 33 hours in Treponema.

The number of generations per hour is usually determined by plotting cell
number against time on a semilogerithmic scale and reading off directly the
time required for the number to double.

The generation time can be calculated directly by

n = log Nf – log N 0 / log 2

generation time

g= t/n

Growth rate- Growth rate is the change in cell number or mass per unit time. It
is expressed ‘R’ which is reciprocal of generation time ‘g’.

R = 1/g



Bacterial Growth-

Bacteria multiply by binary fission where the cell divides to form two, daughter
cells. Nuclear division takes place before cell division and therefore in a
growing population, many cells having two nuclear bodies are commonly
found.

Bacterial growth may be considered as two levels, first is the increase in
size of individual cell and second is the increase in number of bacterial cells.
Growth in number of bacterial cells can be studied by bacterial counts. The total
count indicates the number of cells either living or dead and the viable count
represents the number of living cells that are capable of multiplication.

Cell division and reproduction in bacteria-

Multiplication of bacteria takes place by one of the following methods-

Transverse binary fission- It is the most common and important in the growth
cycle of bacterial population , which is an asexual reproductive process. In
some species binary fission may be proceeded by mating or conjugation of
cells.

Fragmentation-some bacteria produce extensive filamentous growth, which is
followed by the fragmentation of the filaments into small bacillary or coccoid
cells, each of which give rise to new growth. eg Nocardia spp.



Spore production- Some genera of bacteria produce reproductive spore called

conidiospores oe sporangiospores at the tip of filamentatous growth, each of

these give rise to new organism.eg Streptomyces

Budding – Few bacteria also reproduce by a process known as budding where

in the parent cell remains intact while a new cell buds off which again grows

into a new organism. Eg Rhodopseudomonas, Hyphomicrobium

Bacterial growth curve-

when bacterial cells are grown in vitro or cultured in a suitable culture media

followed by incubation their growth follows a particular pattern. If bacterial

count are carried out at regular intervals after inoculation and plotted with

respect to time, a growth curve is observed. It shows the following phases-

i. Lag Phase- Immediately following the bacterial inoculation, there is no

appreciable increase in number, through there may be an increase in the size of

the cells. The early period is actually the time required by the bacteria for

adoption to the new environment. This phase varies with the species, nature

and composition of culture medium and temperature.



ii. Log or exponential phase- in this phase bacterial cell starts dividing and their
numbers amplify exponentially with time.

iii. Stationary phase- After the exponential phase cell division is stopped due to
exhaustion of nutrients and accumulation of toxic products in the medium.
The viable cell counts remain stationary as there remain in equilibrium
between the dying cells and the newly formed cell.

iv. Decline phase- this is the last phase when the bacterial population declines
due to cell death.



Factors affecting the growth of bacteria- The generation and multiplication time of the

bacteria is affected by several factors such as-

a.Nutrition- water, proteins, polysaccharides, lipids, nucleic acid and mucopeptides are the

principal constituents of the bacterial cells. For the adequate growth and multiplication,

bacteria require a source of energy, carbon, nitrogen and some inorganic salts.

b. Temperature- The optimum temperature requirement for bacterial growth varies with the

species. Bacteria which grow best at temperatures of 25-40°C are called mesophilic

bacteria. Psychrophilic bacteria are those that growth is best favoured at temperatures

below 20°C. Another group of non pathogenic bacteria called thermophiles that grow

adequately at higher temperatures that are at 55-80°C.The lowest temperature that

completely checks the bacterial growth or kills a bacterium under standard conditions in a

given time is known as thermal death point.

c) Oxygen-Bacteria are divided into aerobes and anaerobes, Bacteria that require oxygen for

their growth are called aerobic. Aerobic bacteria may be obligate or facultative aerobes.

For example cholera and vibrio, which will grow strictly in the presence of oxygen, are

called obligate aerobes while facultative anaerobes are the bacteria which are normally

aerobic but can grow even in the absence of oxygen. The bacteria, such as clostridia grow

in the absence of oxygen are classified under anaerobic bacteria. They are also the

obligate anaerobes and Microaerophilic anaerobes. The obligate anaerobes do not survive

on exposure to oxygen, whereas, microaerophilic bacteria grow adequately in the

presence of low oxygen tension.



(d) Carbon Dioxide- Small amounts of carbon dioxide are also required by all
bacteria for their growth. The atmospheric carbon dioxide fulfils this demand.
However, some bacteria like Brucella abortus need much higher levels of carbon
dioxide for its growth.
(e) Light- Bacteria are generally negatively phototropic, they die if exposed to
light and on the contrary, grow well in the dark. Bacteria are sensitive to
ultraviolet light and other radiations too.
(f) pH- The requirement for pH also varies with the bacterial species. Each

bacterial species has a specific pH range, above or below which it cannot grow
and survive. Similarly, every species has an optimum pH at which it grows well.
Most of pathogenic bacteria grow best at either neutral or slightly alkaline pH
(7.2 – 7.6).
(g) Moisture- Water is a vital constituent of bacterial protoplasm. Lack of
moisture or drying is lethal to the bacterial cells; however, the effect of moisture
or drying varies in different species.
(h) Salt concentration of the culture media- Salt concentration of the culture

media is also an important consideration for bacterial growth. However, bacteria
are more tolerant to osmotic variation as compared to other cells because of
good mechanical strength of their cell wall. Plasmolysis (or shrinkage of cell) may
occur on abrupt exposure of bacterial cells to a hypertonic solution because of
osmotic withdrawal of water from the protoplasm.



Continuous Cultures-

Continuous culture is to keep culture growing indefinitely. This can be done if-

•Fresh nutrients are continually supplied

•Accumulated cells and waste products are removed at the same rate

•Condition such as temperature and pH are kept at their optimum level/ values.

•Continuous culture is important in industrial processes that harvest the primary

metabolites of microorganisms as their products (primary metabolites are produced

in greatest quantities when the organisms are growing at their fastest rate)

•A culture vessel designed for continuous culture is called a chemostat, it has fixed

volume and flow rate and thus fixed dilution rate.

•Another device is called turbidostat is also used. Turbidostat is a continuous

microbiological culture device, similar to chemostat or an auxostat which has

feedback between the turbidity of the culture vessel and the dilution rate.

•It is dynamically adjust the flow rate to make the turbidity constant.

•At equilibrium operation of both the chemostat and turbidostat are identical.





Batch culture-

It is ready to be inoculated with a culture of microorganisms, which will be

multiply, changing the conditions in the medium by using up the nutrients
and producing their own waste products.

• Eventually conditions in the culture will become too unfavorable for the
organisms to survive and the population will die out.

• The batch culture is suitable for the most school based experiments on
microbial growth and is used industrially in many processes that harvest
the secondary metamolites of microorganisms (such as antibiotics)

• Secondary metabolites are produced by metabolic processes which are
not essential to organisms short term survival and are often not produced
in large amount when organisms is growing at its fastest.

• Industrial production is therefore most efficient if the organisms are
allowed to reach maximum population size and stop growing before the
product is harvested





Soil Microorganisms



In fact soil is a active habitat for enormous variety of life forms including
microorganisms. The soil consists of five major components. They are living
organisms, organic matter, air, water and minerals. The soil is generally
referred as the loose material of the earth’s surface, which supports the
growth of plants, bacteria, fungi, algae and protozoa, which make up for the
living organisms of soil.

The type and quantity of microorganisms present in a soil vary
depending upon the physical characteristics and agricultural practices and
other parameters such as amount and type of nutrients, available moisture,
degree of aeration, temperature and pH. Soil has great variety of
microorganisms of bacteria, fungi, algae, protozoa and viruses.

Microbial groups in soil- The soil represents favorable habitat for
microorganisms and is inhabited by a wide range of microorganisms including
bacteria, actinomycetes, fungi, cyanobacteria, algae and protozoa.

A. Bacteria-

1. It is the most dominant group of microorganisms in soil and probably equal
one half of microbial biomass in soil.



2. Bacteria are present in all types of soil and their population decreases with
increases in the depth.

3. Bacteria thrives in soil as cocci, bacilli or spirlli. Bacilli are the common in
soil where as spirilli are rarely found in natural environment.

4. The most commonly occurring soil bacteria belong to the genera
Pseudomonas, Arthrobacter, Clostridium, Achromobacter, Bacillus,
Micrococcus, Flavobacterium, Corynebacterium, Sarcina, and
Mycobacterium. Escherichia is encountered seldom in soils except as a
contaminant from sewage, whereas Aerobacter is frequently encountered
and is probably a normal inhabitant of certain soils.

5. Soil bacteria are primarily classified into autotrophic and heterotrophic
categories. Several of the reactions involved in nitrogen transformations
in soil depend on the chemoautotrophic Nitrobacter and Nitrosomonas
and hence chemoautotrophy of bacteria in soil is intimately related to
crop production.

B. Actinomycetes-

1 . Actinomycetes have characteristics common to bacteria and fungi and yet
possess sufficient distinctive features to delimit them into a distinct
category.

2. Taxonomically, actinomycetes are clubbed with bacteria in the same class
of Schizomycetes but confined to the order Actinomycetales.



3. They bear certain similarities to Fungi Imperfecti in the branching of the
aerial mycelium which profusely sporulate and in the formation of distinct
clumps or pellets in liquid cultures.

4. The number of actinomycetes increases in the presence of decomposing
organic matter.

5. The most conducive range of pH is between 6.5 and 8.0. Waterlogging of
soil is unfavourable for the growth of actinomycetes whereas desertic soils
of arid and semi-arid zones sustain sizeable population, probably due to the
resistance of spores to desiccation.

C. Fungi-
1. Fungi dominate all soils and possess filamentous mycelium composed of

individual hyphae. The hyphae may exist as uni-, bi- or multinucleate and
either as non-septate (without cross walls) or septate.

2. Like bacteria and actinomycetes, the quality and quantity of organic matter
present in soil have a direct effect on fungal numbers in soil since most
fungi are heterotrophic in nutrition. However, fungi are dominant in acid
soils but also present in neutral or alkaline soils and some can tolerate pH
beyond 9.0.

3. Broadly speaking, the soil fungi are classified into Phycomycetes,
Ascomycetes, Basidiomycetes, and Fungi Imperfecti. Many fungi which are
commonly isolated from soil are categorized under the class Fungi
Imperfecti as they produce abundant asexual spores and lack sexual cycle.



4. The genera of fungi which are most commonly encountered in soils include
Aspergillus, Alternaria, Botrytis, Cephalosporium, Cladosporium, Monilla,
Penicillium, Trichoderma, Trichothecium, Verticillium, and Fusarium (Fungi
Imperfecti).

5. Degradation of organic matter and help in soil aggregation is one of the main
functions of fungi in soil. Besides this property, certain species of Alternaria,
Aspergillus, Cladosporium and Helminthosporium produce substances similar
to humic substances in soil and hence may be important in the maintenance
of soil organic matter.

D. Cyanobacteria-

1. Several cyanobacteria such as Anabaena, Nostoc, Wollea, Lyngbya, Calothrix,
Chroococcus, Gloeocapsa, Plectonema, Microcystis, etc. are generally found
in soil and are reported to have the capability of fixing atmospheric nitrogen
from the air

2. Many soil cyanobacteria can resist long spells of drought. Upon contact to
moisture, these cyanobacteria grow and develop slowly in comparison to
bacteria and green algae but become dominant over them quickly. For
example Nostoc muscorum and Nodularia harveyana appeared from soil that
had been dried for 79 years



E. Algae-

1. Algae differ from other soil microorganisms by having photosynthetic
pigments.

2. The maximum depth to which microalgae have been recorded in soil is 2 m.
Also, because of their requirement for light, microalgae develop most
abundantly when the soil is not heavily shaded by vegetation or surface litter.

3. Green microalgae (Chlorophyceae) are the group most commonly present in
soil. Yellow green algae (Xanthophyceae) are less common while the red algae
(Rhodophyceae) are rarely found except in abnormal saline soils.

4. Besides their photosynthetic activities, soil microalgae add certain
compounds to the soil, either through death or by secretion from the cells.
Eg. Members of Chlorophyceae release polysaccharides and Chlorella produce
growth substances and antibiotics which may affect the soil flora.

F. Viruses –

1. Viruses are the smallest inhabitants of the soil and they generally attack the
cells of bacteria (bacteriophages) and actinomycetes (cyanophages).

2. The viruses possess a head-like and a tail-like structure. The tail attaches itself
to the surface of the host and gains entry into host’s protoplasm. Lysis sets in
when the virus multiplies resulting in the liberation of many more progeny
phages to reinfect new bacterial cells.



G. Protozoa–

1. Protozoa that occur in soil are unicellular and generally they lack
chlorophyll barring few exceptions.

2. They are characterized by a cyst-stage in their life cycle which can help
them to withstand adverse soil conditions.

3. Important genera of protozoans that occur in soil are Cercomonas,
Entosiphon, Allantion, Heteromita, Monas. Spiromonas, Spongomonas
and Tetramitus etc..

4. The protozoans prefer certain species of bacteria for their nutrition. For
example, some protozoas thrive in soil by ingesting bacteria belonging to
the genera Aerobacter, Agrobacterium, Bacillus, Escherichia, Micrococcus
and Pseudomonas into their protoplasm.

5. Use of organic manures in soil increases the number of soil protozoans
which is again a reflection on the corresponding increase in the bacterial
flora due to the application of organic matter.



Role of microbes in soil fertility and crop production

The major roles of soil microbes in increasing and maintaining the soil fertility
and thereby promoting the crop production are as follow:

(i) Physical support: Microorganisms contribute to soil formation through
nutrient cycling and organic matter production. Microbial products play very
important roles for to soil aggregation and improved soil structure.

(ii) Raw materials: Soil microbes also produce antimicrobial agents and enzymes
used for physiological as well as reproductive growth of the plants.

(iii) Growth medium for plants: Soil microbes mobilize nutrients from insoluble
minerals to support plant growth.

(iv) Buffering water flows: Soil macropores are formed by plant roots,
earthworms and other soil biota, which may depend on soil microbes as food
or for nutrients.

(v) Nutrient cycling: The activities of soil bacteria, archaea and fungi drive
nutrient cycling in soils and are involved in weathering minerals

(vi) Recycling of wastes and detoxification: Microbial processes like
mineralization and immobilization are responsible for recycling of wastes and
detoxification of certain toxic elements in the soil.



(vii). Biological control of pests, weeds and pathogens: Beneficial species include
bacteria, archaea, and fungi that support plant growth through increasing
nutrient availability and by outcompeting invading pathogens.

(viii) Carbon storage and regulation of greenhouse gas emissions: By
mineralizing soil carbon and nutrients, microbes are major determinants of
the carbon storage capacity of soils. For example, denitrifying bacteria and
fungi regulate nitrous oxide (N2O) while methanogenic bacteria regulate
methane (CH4) emissions from the soils.

Biogeochemical cycling of nutrients - Soil microorganisms have a profound effect
on the transformations involved in a large number of biogeochemical cycles of
nutrients including carbon (C), nitrogen (N), phosphorus (P) and sulphur (S)
and other various micronutrients and macronutrients.



Carbon in Atmosphere
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CARBON CYCLE- Carbon cycle is a biochemical cycle in which carbon compounds
are interconvertable in the environment involving the incorporation of
carbon dioxide into the living tissues by photosynthesis and its returns to the
environment through respiration, decay of dead organisms and burning of
fossil fuels.

Steps of carbon cycle-

i. Carbon move from atmosphere to plants

ii. Carbon move from plants to animals

iii. Carbon moves from plants and animals to the ground

iv. Carbon moves from living thing to the atmosphere

v. Carbon moves from atmosphere to the ocean

















i) The biological carbon cycle- Carbon dioxide is taken by all the autotrophs
including terrestrial and aquatic organisms and through this; carbon enters
into the food chains and food webs. Photosynthetic organisms inhale
carbon dioxide from the air or intake bicarbonate ions from the water and
convert them into organic compounds such as glucose, starch or glycogen.
These organic molecules are the feed of Heterotrophs such as humans or
other higher organisms. Upon intake of organic molecules by the
heterotrophs, the organic carbon is entered into the food chains and food
webs. When the organisms die, the decomposition of the dead materials
begin. Decomposers break down dead organisms and waste products and
release organic compounds and carbon dioxide as well. In this way, carbon
cycle occurs through this biological pathway. As per estimation, an
estimated 1,000 to 100,000 million metric tons of overall carbon move
through the biological cycle each year.



ii) The geological carbon cycle- is relatively much longer than the biological
carbon cycle and usually takes millions of years to complete the geological
pathway for carbon. Carbon in different forms such as ocean sediment, soil,
rocks, fossil fuels remain stored in the atmosphere for long periods of time.
The atmospheric level of carbon dioxide is influenced by the reservoir of
carbon in the oceans. The formation of bicarbonate (H2CO3) by the reaction
of carbon dioxide from the atmosphere and water is the key phenomenon of
geological carbon cycle (reaction below).
CO2+H2O⇌ H2CO3⇌HCO3 + H+⇌ CO3

2−+2H+

The carbonate combines with calcium (Ca2+) ions to form calcium carbonate.
The calcium carbonate is the major component of the shells of marine
organisms. Upon death of the marine organisms, carbonic shell may sink and
become part of the sediment on the ocean floor. Over the passage of several
years, the sediment transforms into limestone, which is the largest carbon
reservoir on Earth. The terrestrial carbon is stored in soil as organic or
inorganic carbon. The organic form of carbon such as fossil fuels is formed as
a result of decomposition of living organisms whereas inorganic carbon
comes from weathering of rock and minerals. When fossil fuels (oil, coal, and
natural gas) are burnt, carbon is released into the atmosphere as carbon
dioxide. The inorganic carbon may enter the atmospheres by volcanic
eruptions. In the ocean floor, carbon-containing sediments are taken deep
within the Earth in a process called subduction, in which one tectonic plate
moves under another. Carbon dioxide is formed in the process which can be
released into the atmosphere by volcanic eruptions.



Nitrogen cycle- The element nitrogen is a key element of protoplasm of living
cells. Molecular nitrogen constitutes about 78 % of earth’s atmosphere. This
form is chemically inert and cannot be utilized by most living organisms.
Plants, animals and microorganisms depend on a source of combined nitrogen
such as NH3, NO3 ̄ or organic N compounds for their growth.

Nitrogen Cycle refers to conversion of nitrogen into many forms through
biogeochemical process. In this process nitrogen from the atmosphere passes
to the soil, taken by the organism and finally reaches back into the
atmosphere. Nitrogen Cycle integrates several processes such as nitrogen
fixation, nitrification, denitrification, decay and putrefaction.

The nitrogen gas occurs in organic as well as inorganic forms. Organic
nitrogen is the key element found in almost all the living organisms. Several
organic compounds consists of nitrogen get passed from primary producer to
the consumers through the food chains. Inorganic forms of nitrogen are
abundantly found in the atmosphere. This nitrogen is made available to plants
through specific bacteria, these are capable of transforming the inert nitrogen
into different usable forms such as nitrites and nitrates.



The Nitrogen Cycle is the process by which nitrogen is converted between its 
various chemical forms. This transformation can be carried out through both 
biological and physical processes. The nitrogen cycle mainly involves 
transformation such as –

i. Nitrogen mineralization in which nitrogen complexes are decomposed in to 
simpler or organic forms and converted in to inorganic compounds for use 
by plants

ii. Nitrogen immobilization in which nitrogen compounds are assimilated into 
cellular materials. 

i. In the process of mineralization, proteins, nucleic acids and their
components are degraded by microorganisms with the eventual liberation of
ammonia and this is called ammonification. A part of the liberated ammonia
is assimilated by the microorganisms themselves. The first step in the
process of ammonification is the hydrolysis of proteins, nucleic acids and
other organic nitrogenous compounds into amino acids (proteolysis). The
amino compounds are then de-aminated to yield ammonia. Ammonification
usually occurs under aerobic conditions. Protein decomposition leads to
conversion of ammonia into amines and related compounds.



These amines are subsequently oxidized in the presence of oxygen to
release ammonia. In nature, the breakdown of nitrogenous substances is
brought about by the activity of a multitude of microbial species. Almost
all bacteria, actinomycetes and fungi can bring about proteolysis and the
amino acids so produced are utilized for the growth of these organisms.

ii. When plant residues or pure carbohydrates are added to the soil, there is
a rapid decrease in the amount of available inorganic nitrogen which is
referred as “nitrogen immobilization”. It results from the microbial
assimilation of inorganic nitrogen. The process of immobilization involves
the incorporation of ammonia and nitrate into microbial protein and
nucleic acids and is therefore the reverse of mineralization. Mineralization
and immobilization therefore run counter to each other. On the death of
microorganisms, the immobilized nitrogen is however, released through
mineralization.



Nitrogen cycle



Forms of Nitrogen-

a. Organic nitrogen- ammonia, nitrite, nitrate, nitrous oxide, nitric oxide

b. Organic nitrogen as nitrogen gas

Nitrogen cycle consists of the following steps-

a. Nitrogen fixation

b. Nitrogen assimilation

c. Ammonification

d. Nitrification

e. Denitrification

f. Sedimentation



a. Nitrogen fixation- It is the very primary step of the nitrogen cycle. Atmospheric
nitrogen (N2) which is mainly available in an inert form gets transformed into
the ammonia (NH3). The inert form of nitrogen gas is available as deposition
into soils and gets precipitated into surface water. Later, two nitrogen atoms
this inert nitrogen gets separated and combines with hydrogen to form
ammonia (NH4

+).

Symbiotic bacteria such as Azotobacter and Rhizobium also have a major role
in the entire process of Nitrogen fixation. These bacteria possess nitrogenase
enzymes which catalyze the reaction of gaseous nitrogen with hydrogen to
form ammonia. Nitrogen fixation can occur either naturally by the process
called atmospheric nitrogen fixation or through man-made processes called
industrial nitrogen fixation. The atmospheric nitrogen fixation simply involves
lightening while industrial fixation involves manufacturing of ammonia and
nitrogen-rich fertilizers under high temperature and pressure condition.

Types of nitrogen fixation-

i. Atmospheric nitrogen fixation

ii. Industrial nitrogen fixation

iii. Biological nitrogen fixation



i. Atmospheric nitrogen fixation or non biological nitrogen fixation- In this
process atmospheric nitrogen combines with oxygen (as ozone) during
lightening or electrical discharges in the clouds and produces different
nitrogen oxides:

The nitrogen oxide get dissolved in rain water and on reaching earth
surface they react with mineral compounds to form nitrates and other
nitrogenous compounds.



ii. Industrial nitrogen fixation: It is industrial process of nitrogen fixation by
the use of ammonia. Under high temperature and pressure, ammonia is
produced by the direct combination of nitrogen and hydrogen and later,
also converted into various fertilizers such as urea.

iii. Biological nitrogen fixation- The unavailable forms of nitrogen get fixed in
the soil by these certain microorganisms. Bacteria such as Rhizobium and
blue-green algae convert the unusable form of nitrogen into other usable
compounds that are more readily usable.



b. Nitrogen assimilation- Primary producers or plants intake the nitrogen
compounds from the soil with the help of their roots, which are available
in the form of ammonia, nitrite ions, nitrate ions or ammonium ions. In
case of nitrate absorption, the nitrate is first reduced to nitrite ions and
then ammonium ions. These ammonium ions get incorporated into amino
acids, proteins, nucleic acids (DNA), and chlorophyll.

c. Ammonification- When plants or animals die, the nitrogen present in the
organic matter is released back into the soil. The microbial decomposers
such as bacteria or fungi present in the soil convert the organic
compound back into ammonium. Ammonia gas is produced in this
process of decomposition, which can be used further for other biological
processes.

d. Nitrification- In the second phase, ammonia is converted into nitrate
and this process is called nitrification. Nitrification occurs in two steps;
first, ammonia is oxidized to nitrite:

2 NH3 + 1 ½ O2 NO2  ̄ + H2O.

2 N H3 + 3 O2 2 H NO2 + 2 H2 O



This change is brought about by chemoautotrophic bacteria of the genera
Nitrosomonas, Nitrosolobus, Nitrosococcus and Nitrosospira. These bacteria
obtain their energy requirement by the oxidation of NH4

+ to NO2  ̄. Of these
nitrifying organisms,Nitrosomonas are the most important in the soils.
Besides the chemoautotrophic bacteria, some heterotrophic bacteria such as
Streptomyces and Nocardia have also been known to oxidize ammonia to
nitrite.

Nitrosomonas, first converts ammonia to hydroxylamine which is then
transformed into some undefined intermediate, possibly a compound such as
nitroxyl (HNO). This intermediate is then oxidized to nitrite possibly by way of
Nitrous oxide as shown below:

NH3 NH2OH (HNO) NO NO2

In the second step, nitrite is oxidized to nitrate: Nitrobacter oxidizes nitrite to
nitrate and yields two electrons for each molecule of NO2 transformed.

HNO2 + ½ O2 HNO3

Certain fungi belonging to the genera Aspergillus, Penicillium and
Cephalosporium can also carry out nitrification.



e. Denitrification - Nitrate is reduced to nitrogen gas or nitrous oxide. This
process is called as denitrification and leads to the loss of nitrogen from the
soil. Denitrification depletes the soil of an essential nutrient for plant growth
and therefore is not a desirable reaction. Denitrification occurs mostly in
waterlogged anaerobic soils with a high organic matter content and the ability
to carry out denitrification is restricted to only certain bacteria. Among the
bacteria important in denitrification are Thiobacillus denitrificans, Micrococcus
denitrificans some species of Pseudomonas, Bacillus, Paracoccus,
Achromobacter and Serratia. The enzymes involved in various steps of
denitrification reactions are called as nitrate, nitrite, nitric oxide and nitrous
oxide reductases. The overall reaction is :

HNO3 2 HNO2 2NO N2 N2O

Nitrate is first reduced to nitrite which is then transformed to NO. The NO is
converted to N2 with N2O as intermediate. Although denitrification is an
undesirable reaction from the point of view of plant nutrition, the supply of
nitrogen on the earth would have got depleted and NO3 ̄ would have
accumulated. Also, since high concentration, of NO3 ̄ are toxic, denitrification
is a mechanism by which some of the nitrogen is released back to the
atmosphere.



Importance of nitrogen cycle- Nitrogen is very vital element as it is an
indispensable constituent of several biomolecules essential for life. Amino
acids, proteins, DNA, and chlorophyll are the examples having nitrogen as an
integral component. Despite, nitrogen is very abundantly available in the
atmosphere dinitrogen gas (N2), the same is not accessible to most
organisms as such, making nitrogen often limiting factor for plants and other
organisms. The prime importances of the

nitrogen cycle are as follows:

i. Helps plants to synthesise chlorophyll from the nitrogen compounds.

ii. Helps in converting inert nitrogen gas into a usable form for the plants through
the biochemical process.

iii. In the process of ammonification, the bacteria help in decomposing the
animal and plant matter, which indirectly helps to clean up the environment.

iv. Nitrates and nitrites are released into the soil which helps in enriching the soil
with necessary nutrients required for cultivation.

v. Nitrogen is an integral component of the cell, and it forms many crucial
compounds and important biomolecules.



Phosphorus cycle-

Phosphorus is only second to nitrogen as a mineral nutrient required for
plants, animals and microorganisms. It is a constituent of nucleic acids and
essential for the accumulation and release of energy. Microorganisms are
known to bring about a number of transformations of this element.

Phosphate constitutes nearly 0.1% of the earth’s crust. They occur in soil in
inorganic and organic forms. The inorganic forms are derived from parent rocks
or through fertilizers application and manuring with bone meal. They are
soluble in water when present as phosphates of Na, K, Ca, Mg etc. The organic
phosphorus containing compounds are derived from plants and micro
organisms and are composed of nucleic acids, phospholipids, phytin and
related compounds.



• Phosphorus in phytin, phospholipids and nucleic acids is found as phosphates

• Phytin is the calcium – magnesium salt of phytic acid

• Phospholipids are compounds in which phosphate is combined with a lipid,

contained 10% of cell phosphorus.

• Inorganic polyphosphates are quite abundant in certain fungi

• In soil, from15-85% of the total P is organic. Soils rich in organic matter

contain abundant organic P.

• Ratios of organic C to P of 100 to 300:1 N: organic P = 5 to 20: 1

In cultivated soil P present in abundant about 1100 kg/ha but most of 
themas not available to plants; only about 1% of the total P is in available 
form.

Microorganisms bring about a number of transformations of the element.

1. Altering the solubility of inorganic compounds of P

2. Mineralization of organic compounds with the release of inorganic phosphate

3. Converting the inorganic, available anion into cell components, an 
immobilization process (analogous to that occurring with N)

4. Bringing about an oxidation or reduction of inorganic P compounds Particularly, 
important to P cycle are the microbial mineralization and immobilization 
reactions.



i. Solubilization-

Phosphate becomes limiting for plants growth because much of the
phosphorus is in the bound form in the soil as insoluble Ca2, +, Fe2+ or Al +3

phosphates. Microorganisms produce various organic and inorganic acids and

there by solubilize insoluble phosphates. Some of the fungi and a number of

bacteria found in soil produce these acids and make the insoluble phosphorus

available to the plants in the form of phosphates.

Ex:-The species of Bacillus, Pseudomonas, Micrococcus, Flavobacterium,

Phosphobacterium, Aspergillus, Penicilluim, Fusasrium and others.
Several fungi that associate with plant roots are Mycorrhizae, and they

help in phosphorus uptake. Some of the bacterial preparations are used as
phosphatic biofertilizers for solubilisation of phosphorus in soils rich with
insoluble phosphates.

ii. Mineralization:

Organically bound P is not directly available to organisms because it cannot be
absorbed into cells in this form. For cellular uptake of phosphorus, it must be
released from the organic molecule through a process of mineralization. The
specific enzyme called phosphatase has key roles in the final conversion of
organically bound phosphorus to inorganic phosphate.



These enzymes are produced by microbial population including bacteria such
as Bacillus megaterium, B. subtilis, Serratia spp., Proteus spp., and
Streptomyces spp. And fungi such as Penicillium spp., Aspergillus spp. and
Rhizopus spp. After mineralization, phosphorus is absorbed up by plants,
immobilized by the different microorganisms, absorbed to mineral surfaces
and/or precipitated in inorganic complexes.

iii. Immobilization :

Process of assimilation of P into microbial nucleic acids, phospholipids or
other protoplasmic substances is called immobilization. It leads to the
accumulation of non utilizable forms of the element. P accounts for 0.5-1.0%
of fungus mycelium and 1.0 to 3.0% of the dry weight of the bacteria and
actinomycetes.

iv. Oxidation and Reduction:

A number of soil bacteria and fungi have the potential of oxidizing reduced
phosphorus compounds (e.g., phosphate, hypophosphite) either aerobically
or anaerobically.





Sulphur cycle

The sulphur is one of the macronutrients required by plants and is obtained
by them from the soil and from the atmosphere. Biologically, it is present in
amino acids and proteins and responsible for a distinctive odour. It is also a
component of a large number of enzyme systems. Several groups of
prokaryotes utilize and release sulphur. The sulphur cycle typically involves
significant interactions among different components of atmosphere that is
the pedosphere, the hydrosphere and the biosphere. Globally, the major
storehouses for sulphur cycle are pyrite and gypsum (an evaporite of

seawater) in the lithosphere and in seawater respectively. Only a trace
amount of sulphur is found in living organisms, however, under the swampy
regions and marine muds, where organic matter gets accumulated under
prolonged anaerobic conditions, substantial amounts of sulphur is present.



The short‐term movements of sulphur elements from the atmosphere take place 
through the metabolism of bacteria. The gaseous sulphur moves in a closed 
cycle from the air to the soil and back. There are several sub‐cycles, which are as 
follow:

1.) A prolonged cycle of weathering, erosion, deposition of rocks, 

2.) An atmospheric cycle, in which bacteria decompose the dead organic matter and 
release sulphur to the atmosphere. This sulphur is washed back to the soil by 
precipitation. The process is called acid rain,

3.) A marine cycle where sulphur is released to the the atmosphere from sea 
evaporation  temporarily and again falls back into the sea,

4.) A soil–plant ecosystem cycle where organic sulphur found in manure or other 
fertilizer is used to sustain soil microbes and plants. A variety of soil organisms  
disintegrate sulphur‐containing proteins into their constituent amino acids. 
These sulphurs of the amino acids are converted to hydrogen sulfide (H2S) gas 
by another series of soil microorganisms. Under aerobic condition, hydrogen 
sulfide is converted to sulphur and then to sulfate by sulphur bacteria. 
Eventually the sulfate again transforms into hydrogen sulfide. Hydrogen sulfide 
gas quickly oxidizes to gases that dissolve in water to form sulphurous and 
sulphuric acids.

These compounds are largely responsible for the “acid rain” and accounting for

death of a number of sensitive aquatic organisms. The acid rain has also a role in

damaging marble monuments and stone buildings.



Sulfur transformations are even more complex than those of nitrogen due
to the variety of oxidation states of sulfur. Some sulfur transformations
occur at significant rates chemically as well as biologically. To be useful,
sulfur has to be first oxidized or reduced in the soil. It occurs both in
organic (sulfur amino acids and vitamins) as well as in inorganic form
(S,H2S, SO4

2¯,etc) and is readily metabolized. These transformations are

1. Decomposition of larger organic sulfur compounds to smaller unites and
their conversion into inorganic compounds

2. Microbial associated immobilization

3. Oxidation of inorganic ions and compounds such as S2¯, S2O3
2¯, S

4. The reduction of SO4
2¯ and other ions to sulphides.

Plants utilize sulfur in the form of sulphates and reduce to H2S within cells
to be utilized in synthesis of amino acids, vitamins etc. Animals obtain
their sulfur by feeding on plants. When plant, animal and microbial
proteins are degraded, the sulfur is released from amino acids and
accumulates in the soil. This is further oxidized to SO4

2¯ under aerobic
conditions. Under anaerobic conditions the sulfur accumulated in the soil
is converted to H2S.



The biological oxidation of elemental sulfur and inorganic sulfur compounds 
such as H2S, SO3¯ and S2O3 2¯ is brought about by chemoautotrophic and 
photosynthetic bacteria. The oxidation of H2S is characteristic of pigmented 
photosynthetic bacteria, which use H2S as an electron donor in 
photosynthesis. Members of Thiobacillus genus

oxidize elemental S. Heterotrophic bacteria actinomycetes and fungi are 
also reported to oxidize sulfur compounds. Bacillus, Pseudomonas, 
Arthrobacter and Flavobacterium oxidize 

S  SO4 
2¯            

REACTION:           S                            SO3¯                                         SO4
2-

Under anaerobic conditions,

SO4
2¯                  SO3

2¯                 S2O3
2¯                           S2¯

• Bacillus, Pseudomonas, Desulfovibrio reduce SO4 
2¯ to H2S.

• Dissmilation of S as H2S and its release into the atmosphere far exceeds the 
total

• amount of H2S produced from all other pollution sources.



Bacterial Genetics



Genetics is the study of the inheritance (heredity) and the variability of the
characteristics of an organism. Inheritance concerns the exact transmission of
genetic information from parents to their progeny. Variability of the inherited
characteristics can be accounted for by a change either in the genetic makeup
of a cell or in environmental conditions. Bacteria also show variations in
characters like other higher organisms.

Variation: Bacteria are also capable of transmitting genetic information from
generation to generation with great accuracy. However, in addition to the
inheritance, which accounts for the constancy exhibited by biological species,
there is variability or change expressed in the progeny. Variability may be due
to adaptation or mutation.

Phenotype: The characters of an organism which are visible are known as
phenotypes.

Genotype : The hereditary information of the organism in the form of gene in the
DNA and remains the same throughout the life.

Genome : An organism's complete set of DNA is called its genome.



Plasmids : In addition to the normal DNA chromosome, extra chromosomal
genetic elements found in bacterium cell is called plasmid. The extra
chromosomal genetic element that has no extra cellular form and exist inside
cells simply as nucleic acid (double stranded circular DNA) that replicate
independently of the host chromosome. Plasmids are not considered as
essential for the survival of the bacteria, however they give some extra
advantages to the bacteria such as resistance to the cell against antibiotics.

The salient features of a typical plasmid are

a. Number and size- A bacterium has no plasmids at all or have many plasmids
(20-30) or multiple copies of a plasmids. Usually they are closed and circular
molecules, however they occur as linear molecule in Borrolia burgdorferi. The
size may vary from 1 Kb to 400 Kb.

b. Multiplication- Plasmids multiply independently of the chromosome and are
inherited regularly by the daughter cells.

Significance of plasmids-

1. Confer resistance to several antibiotics- Gram negative bacteria have
plasmids that give resistance to several antibiotics such as Kanamycin,
neomycin, tetracycline, streptomycin, chloromphenicol, penicillinetc.

2. Plasmids gene code for production of toxins: some bacteria also produce
toxins through plasmid genes.



Some toxins produce by bacterial plasmids-

• Plasmids carry genes for resistance/ sensitivity to heavy metals such as Hg, Ag,
Cd, Pb etc

• Plasmids carry virulence gene eg vir genes of Agrobacteriumtumefaciens
• plasmid genes code for DNA repair enzymes (DNA damaged by UV light are

repaired by these enzymes).
• Plasmids are responsible for colonization factors in bacteria. Colonization in

bacteria is necessary for their attachment.
Application of plasmids
1. As vectors – plasmids are used in cloning short segments of DNA in genetic 

engineering.
2. To replicate protein- Plasmids can be used to have proteins such as insulin that 

codes for insulin, in large amounts.
3. In gene therapy – plasmids are popularly used for transferring genes into 

human cells as part of gene therapy.

Bacteria Toxins

Escherichia coli Enterotoxins

Vibrio cholerae Choleragen

Staphylococcus aureus Exfoliative toxin

Clostridium tetani neurotoxins



Episomes- The term episomes was enunciated by Francois Jacob and Elie
Wollman in 1958. Previously it was considered synonymous with plasmids,
Now episome is specifically defined as a genetic element inside some bacterial
cells particularly the DNA sequence of some bacteriophases that can either
replicate independently of the host or in association with the chromosome
with which it gets integrated. In other words the F factors plasmids that can
code for self transfer to other bacteria are called episomes.

Adoption : Change in an organism or population of organisms through which they
become more suited to the prevailing environment. It can be genetic and or
physiological. The phenotypic changes of bacteria due to environmental effect
is known as adaptation. Bacteria like the cells of higher organisms, carry more
genetic information (their genotype) than is utilized or expressed at any one
time. The extent to which this information is expressed depends on the
environment. For example, facultative anaerobic bacterium will produce
different end products of metabolism, depending on the presence or absence
of oxygen during growth.



Mutation : It is an heritable change in the base sequence of the nucleic acid
genome of an organism. A mutation is a change in the nucleotide
sequence of a gene. The mutation leads to either no synthesis or synthesis
of non-functional peptides. A cell or an organism which shows the effects
of a mutation is called a mutant. In nature, mutations are rare events,
which occur at random and arise spontaneously with no regard to
environmental conditions.

Types of Mutation : Two common types of mutations are A) Point mutations
and B) Frame shift mutations.

Point Mutation : They occur as a result of the substitution of one nucleotide
for another nucleotide sequence of a gene. The substitution of one purine
for another purine or one pyrimidine for another pyrimidine is termed as
trasition type of mutation. Replacement of one purine by a pyrimidine or
vice versa is known as transversion type of mutation. This base pairs may
substitution may result in one of the three kinds of mutation affecting the
translational process.

1. Missense mutation : In this type of mutation the altered gene triplet
produces a codon in the mRNA which specifies an amino acid different
from the one present in the normal protein. Such a protein may be
functionally inactive or less active than the normal one.



2) Nonsense mutation: The altered gene triplet produces a chain of terminating
codon in mRNA resulting in premature termination of protein formation
during translation. The result is incomplete polypeptide, which is non-
functional.

3) Neutral mutation: The altered gene triplet produces a mRNA codon which
specifies the same amino acid because the codon resembling from mutation is
a synonym for the original codon.

B). Frame shift mutations: These mutations result from an addition or loss of one
or more nucleotides in a gene and are termed insertion or deletion mutations
respectively. This results in a shift of the reading frame of the genetic code
and leads to the synthesis of non-functional proteins.

a. Insertion mutation- A nitrogen base is inserted/ added to the sequence. It
always affects the aminoacids and consequently the protein.

Normal DNA : CGA – TGC – ATC
Alanine-Threonine-stop

Mutated DNA : CGA – TAG – CAT – C
Alanine– Leucine – Valine

b. Deletion Mutation –A nitrogen base is deleted / removed from the sequence.
Normal DNA : CGA – TGC – ATC

Alanine-Threonine-stop
Mutated DNA : CGA – TCA – TC

Alanine– Serine



Spontaneous mutation – Mutation which occur under natural conditions are
called spontaneous mutations. It is occur due to

i. Errors during DNA replication.
ii. Mutagenic effects of the natural environments of organisms.
iii. Transposons and insertion sequences
iv. Methylation, followed by spontaneous deamination of DNA bases specially 

cytocine.
Induced mutation – Mutation produced due to the treatment with either a

chemical or a physical agent are called induced mutations. The agent
capable of inducing mutations are known as mutagens. It is useful in two
different ways-

I. In genetics and biochemical studies 
II. In genetic improvement of bacteria
The process of inducing mutation through the treatment with a mutagen is

known as mutagensis.
The mutagenic agents are 
i. Physical mutagens- Different types of radiations having mutagenic

properties . It is high energy radiations such as Ionizing ( X- rays, gamma
rays) and non ionizing radiations (UV rays)



ii. Chemical mutagens – The chemicals causes the mutations are called chemical 
mutagens. These are as 

i. Base analogous- eg. 5-bromouracil

ii. Alkylating agents- eg. -Methyl and -ethyl groups

iii. Acridine dyes- eg Acriflavin, Proflavin

iv. Deamination agents- eg Nitrous acid

v. Other mutagenic chemicals- Ethidium bromide

Bacteriophage
Viruses are non cellular infectious agents and they can be only seen with the
aid of electron microscope. Size ranges from 20 to 300 nm. They are 10-
100timess smaller than most bacteria and they can pass through the pores
of filters which do not permit the passage of most bacteria. They are
obligate intracellular parasites. They can grow only in animal or plant cells or
in microorganisms. They reproduce in these cells by replication. Viruses lack
metabolic machinery of their own to generate energy or to synthesize
proteins. They depend on host cells to carry out these vital functions.

Viruses are small packets of genes. The viral genetic material is either
DNA or RNA but the virus does not have the both. (Host cells have the both).
The nucleic acid is enclosed in a highly specialized protein coat of varying
design. The coat protects the genetic material when the virus is outside of
any host cell and serves as a vehicle for entry into another specific host cell.



The structurally complete mature and infectious virus is called the viron.
Bacteriophages are the viruses that infect bacteria. They were independently
discovered by FW Twort (1915) and Fd’ Herelle (1917). Bacteriophage means
bacteria eater). Bacteriophage is a tool for viral research and genetic research.

Characteristic of bacteriophage-

i. They are widely distributed in nature

ii. Phages exist for most bacteria

iii. Like all viruses they are composed of nucleic acid core surrounded by a
protein coat

iv. They occur in different shapes.

there are two types of phages –

a. Lytic (virulent)- when lytic phages infects the bacteria, the bacteria respond
by producing large number of viruses. At the end of the incubation period
the host cells burst or lyses, releasing new phages to infect other host cells.
This is called a lytic cycle. eg. T2 phages

b. Temperate (avirulent) phages - in the temperate type of infection, the result
is not so readily apparent. The viral nucleic acid gets integrated with
bacterial DNA and replicated in the host bacterial cells from one generation
to another without any cells lysis. However, temperate phages may
spontaneously become virulent at some subsequent generation and lysse
the host cells eg. Lambda phages



STRUCTURE AND MORPHOLOGICAL TYPES OF BACTERIOPHAGES-

All phages have a nucleic acid core covered by a protein coat or capsid.
The capsid is made up of morphological subunits, called capsomeres.
Capsomeres are made of proteins known as protomers. The common
morphological form of a phage consists of hexagonal head and a tail. The
tail consists of contractile sheath, base plate and tail fibre.



DIFFERENT MORPHOLOGICAL TYPES OF PHAGES- Bacterial viruses may be grouped 
into six morphological types. 

A.  The most complex type has a hexagonal head, a rigid tail with a contractile sheath, 
and tail fibers. 

B. Similar to A this type has hexagonal head. However, it lacks a contractile sheath, its 
tail is flexible and it may or may not have tail fibers.

C. This type is characterized by a hexagonal head and a tail shorter than the head. The 
tail has no contractile sheath and may or may not have tail fibers.

D. This type has a head made up of large capsomeres but has no tail. 

E. This type has a head made up of small capsomeres but has no tail.

F. This type is filamentous. 

G. This type is spherical. 

Types A, B and C are morphologically unique to bacteriophages. The morphological
types in group D and E are found in plant and animal (including insects) viruses as
well. The filamentous form of group F is found in some plant viruses.

Phages A, B and C contain the double stranded DNA whereas phages D and F
have single stranded DNA. Phage E has single stranded RNA, Phage G has
double stranded RNA.



Release of virions from the host cell may be by lysis or by a process that is
essentially the reverse of phagocytosis.

REPLICATION OF BACTERIAL VIRUSES –

1.The phage will attach to the bacteria by tail fibers.

2.The sheath contracts driving the tail core into the cell wall and membrane.

3. The virus injects its DNA, the way a syringe injects a vaccine.

4.Then the phage replicates inside the cell by utilizing the host cells biosynthetic
machinery about 25 minutes after initial infection, some 200 bacteriophages
will be produced and they come out by breaking bacterial cell.

LYTIC CYCLE:-

The lytic cycle of these bacteriophages can be divided into several stages like
adsorption, penetration, synthesis of viral components, assembly of progeny
virions & release from the infected cell.

i) Adsorption:- The first step in infection of a host bacterial cell by a phage is
adsorption. The tip of the virus tail becomes attached to the cell via specific
receptor sites on the cell surface. Attachment is specific in that certain viruses
& susceptible bacteria have complementary molecular configurations at their
opposing receptor sites. Some bacterial mutants have lost the ability to
synthesize specific receptors, they also become resistant to infection by the
specific phage.



ii) Penetration:- The penetration of phage into the host cell is mechanical. It may be
facilitated by localized digestions of certain cell surfaces structures whether by
phage enzymes (Lysozyme) carried on the tail of the phage or by the viral
activation of host degradation enzymes. In the T-even phages, penetration is
achieved when. i)The tail fibers of the virus attach to the cell & hold the tail firmly
against the cell wall. ii)The sheath contracts, driving the tail core into the cell
through the cell wall & membrane iii)The virus injects its DNA the way a syringe
injects the contents.

Transcription and Replication:- Bacterial mRNA & bacterial proteins stop being
synthesized within a few minutes after entry of phage DNA. Bacterial DNA is
quickly degraded to small fragments & the nucleoid region of the bacterium
becomes dispersed. Some phage mRNA is made immediately after infection. The
amount of phage DNA increases after a brief delay. Specific proteins appear some
what later, followed by appearance of organized capcid precursors & resulting in
the formation of mature infectious capsids.

Immediate early phage genes are transcribed using the existing bacterial
RNA polymerase. These genes code for nucleases that break down host DNA.
Delayed early genes code for phage enzymes which produce unique phage DNA
constituents such on 5-hydroxy methyl cytosine which replace cytosine in
bacterial DNA. Delayed genes also code for polymerases & ligases that play
specific role in phage DNA replication & recombination. Late gene products
include structural components of new phage particles, lysozyme which lyse the
bacterial cell, releasing the mature virions.



Assembly & release:- After the synthesis of both structural proteins & nucleic acid,
phage components begin to assemble into mature phages. About 25min after
initial infection, some 200 new bacteriophages are assembled & the bacterial cell
bursts, releasing the new phages to infect other bacteria.

LYSOGENIC CYCLE-

In lysogeny the viral DNA of the temperate phage instead of taking over the
functions of the host cell genes, it is incorporated into the host DNA & becomes a
prophage in the bacterial chromosomes acting as a gene. In this the bacterial cell
metabolises & reproduces normally and the viral DNA is transmitted to each
daughter cell in successive generations. Some times, the viral DNA is removed from
the host’s chromosome & the lytic cycle occurs. This process is called spontaneous
induction. A change from lysogeny to lysis is induced by irradiation with ultraviolet
light or by exposure to some chemicals.

VIROIDS: Viroids are the nucleic acid entities of relatively low molecular weight and
unique structure that cause several diseases of cultivated plants. Ex. Potato spindle
tuber, citrus exocortis, chrysanthemum stunt, and cucumber pale fruit. Viroids are
the smallest known agents of infectious disease. They do not contain a protein coat
and exist only as short, infectious molecules of RNA. They replicate in cells of
susceptible plant species. RNA is single stranded may be linear or circular.

PRIONS:- Stanley prusiner was awarded noble prize for his work on prions. Prions are
infections protienaccons molecules with a mol. wt. of 20,000 to 30,000 daltons.
They cause diseases like Scrapie in sheep, mad cow disease, Cruetz Felt Jacob in
humans etc. They effect nervous tissue & cause degeneration.





Genetic Recombination

It is the formation of new genotype by reassortment of gene following
an exchange of genetic material between two chromosomes which have
similar gene at corresponding sites. These are called homologous
chromosomes and are from different individuals. The genetic
recombination in bacteria has a very vital significance. Some of them are
as follows-

i. Transfer of antibiotic resistance genes- The remarkable spread of
resistance to multiple antibiotics may have been aided by the transfer of
resistance genes within population and among species.

ii. As a tool to study advances of molecular biology and biotechnology-
Many bacteria have enzymes that enable them to destroy foreign DNA
that gets into their cells. In addition the prime enzymes of bacterial
reproduction namely restriction endonucleases have provided the tools
of molecular biology. Most of the advances in biotechnology industry
directly depend upon the use of these enzyme.

iii. Study of evolution- The recent completion of the sequence of the entire
genome of a variety of bacteria suggest that in the past the genes have
moved from one species to another by horizontal gene transfer.



In bacteria, genetic recombination results from 3 types of gene transfer.
•Transformation: Transfer of cell–free or ‘Naked’ DNA from one cell to another.
•Conjugation: Transfer of genes between cells that are in physical contact with one
another, by means of conjugation tube.
•Transduction: Transfer of genes from one cell to another by a bacteriophage. In
bacterial recombination the cells do not fuse and usually only a portion of the
chromosome from the donor cell (male) is transferred to the recipient cell (female).

Transformation- Bacterial transformation is a process of horizontal gene transfer by
which some bacteria take up foreign genetic material (naked DNA) from the
environment. It was first reported in Streptococcus pneumoniae by Griffith in
1928. DNA as the transforming principle was demonstrated by Avery et al in 1944.
The process of gene transfer by transformation does not require a living donor cell
but only requires the presence of persistent DNA in the environment. The
prerequisite for bacteria to undergo transformation is its ability to take up free,
extracellular genetic material. Such bacteria are termed as competent cells.
The factors that regulate natural competence vary between various genera. Once
the transforming factor (DNA) enters the cytoplasm, it may be degraded by
nucleases if it is different from the bacterial DNA. If the exogenous genetic material
is similar to bacterial DNA, it may integrate into the chromosome. Sometimes the
exogenous genetic material may co-exist as a plasmid with chromosomal DNA.





Griffith`s experiment to demonstrate genetic transformation in bacteria
Fredrick Griffith (1928) found that there were two different strains of
bacteria Streptococcus pneumoniae (also known as the pneumococcus).

a) An ‘S’ or smooth coat strain of it, usually surrounded by a gummy capsule
made of a polysaccharide. The presence of a capsule around the cells in
bacteria gives the colonies a glistening, smooth (S) appearance. This strain
is lethal to mice.

b) An ‘R’ or rough strain, surface of its colonies is wrinkled and rough ("R").
With no capsule, the bacteria also do not possess virulence i.e. the strain
is non lethal to mice.

c) Griffith observed that on injecting mice with small number of a virulent ‘R’
cells together with heat killed ‘S’ cells, mice died. thus it was concluded
that, there was some material in the heat killed ‘S’ strain that was
responsible for transforming the ‘R’ strain into lethal form





Transduction- In transduction, a bacterium transfers its DNA (or a portion of
it) to another bacterium (that is not its progeny) through a virus. Actually,
the viruses (called as bacteriophages) that infect bacteria move short pieces
of chromosomal DNA from one bacterium to another. It means, physical
contact does not occur between the DNA donating bacteria and the DNA
receiving bacteria (as happen in conjugation).

Types of Transduction -The gene transfer through transduction is very common
among bacteria. There are two types of transduction take place in bacteria,
they are: generalized and specialized transduction.

Generalized transduction (Lytic Cycle) -Generalized transduction or Lytic Cycle
of bacteria takes place when a virus accidently gets inside into the bacterial
cell and transfers its genetic material. Viruses (or bacteriophages) cannot
replicate their own DNA; rather they infect bacteria and use their
machinery (enzymes and template etc) to replicate their own DNA. When
the replication is completed, parts of the virus are recombined and released
to infect other cells. The lytic cycle or generalized transduction involve
following stages:



1. An infecting virus (bacteriophage) adsorbs to the cell surface of a bacterium.

2. The bacteriophage genome gets inside into the cell of bacterium. The phage 
DNA uses the bacterium's machinery (DNA template and enzymes) to 
synthesize bacteriophage components and enzymes as well.

3. Once reassembled, the bacteriophages kills its host by bursting the cell (hence 
lysis) and are released to infect other cells.

4. The bacteriophage carrying the DNA of the donor bacterium again adsorbs to 
another recipient bacterium. 

5. The DNA from donor bacterium thus gets exchanged by recombination of the 
recipient's DNA and confers new property to the bacterium. 





b) Specialized transduction (Lysogenic Cycle) -In case of specialized
transduction or lysogenic cycle, the phage DNA gets incorporated into the
bacterium chromosome. This is called a prophage and it behaves as if it
were a part of bacterial chromosome. Once incorporated, the genes of the
phage DNA also get expressed in the bacterium. Sometimes, the prophage
gets detached from the host chromosome during multiplication of
lysogenic host bacteria, and in this course, it may carry along fragments of
bacterial chromosome with itself. The detached prophage then starts a
new lytic cycle. This prophage may have a piece of chromosomal DNA of
bacteria. When such phage infects another bacterium, it may incorporate
the gene that was picked up from the preceding host into the new host
genome. the examples of specialized transduction include λ phage in
Escherichia coli.





Conjugation - In conjugation, DNA is transferred through a tube between two
bacteria cells. This tube is termed as conjugation tube. In 1946, Joshua
Lederberg and Tatum discovered that some bacteria can transfer genetic
information to other bacteria through a tube known as conjugal tube.
Conjugation involves the transfer of DNA in the form of a plasmid from
donor bacterium to recipient bacterium. Plasmid transfer in Gram-
negative bacteria takes place only either between strains of the same
species or closely related species. Some plasmids are designated as F
factor (also called “F” plasmid, fertility factor or sex factor) as these
plasmids carry genes that mediate their own transfer from host to the
recipient. An important character of the F factor is that it can replicate
independently in the cell. These genes are responsible for encoding the
production of the sex pilus and also the enzymes necessary for
conjugation. The bacterial cells with F plasmids act as donors and
represented as F+ (male). On the other hand, those cells lacking this F
plasmid act as recipient and are represented as F- (female). The process of
conjugation is completed in following stages .





i) An F+ donor cell contains its chromosomal DNA and an F plasmid. It has a
rod like pilus. It has been earlier mentioned that a recipient F- cell has
only a chromosome but no F plasmid.

ii) The donor cell uses its pilus to attach to the recipient cell, and the two
cells are pulled together.

iii) A conjugal tube forms between the cytoplasms of the two cells, and a
single strand of the F plasmid is fed through.

iv) Both of the cells now have an F plasmid and are F+. Finally, the former
recipient cell now becomes a new donor and has ability to form a pilus.



Transposons ( Transposable elements)- Transposon or transposable element is a
DNA sequence that can “jump” to different locations within a genome.
Although these DNA sequences change their position, however, they are
always present as integrated sequences within a genome. Transposons are
considered to be very important in bacterial genetics as they lead to mutation
by way of duplication of the same genetic material. A mutation occurs when
there is any genetic change in DNA or chromosomes. The transposons in
bacteria can also move from chromosomal DNA to plasmid DNA and vice
versa. In this way, these transposons also lead to addition of genes (another
type of mutation). The transposons were first ever discovered by Barbara
McClintock in 1940. While working on maize genetics, McClintock noticed that
different kernels of corn displayed diverse colors in the same cob. Her studies
revealed that each corn kernel looked differently in colour because it was
genetically dissimilar. she explained that the different colour could only
appear if the genes were not static, but moving or changing their places from
one chromosome to another (jumping).



LAB EXERCISES



Experiment 1- Methods of sterilization

Sterilization:- Itis defined as the process where all the living
microorganisms, including bacterial spores are killed.Sterilization can be
achieved by physical, chemical and physiochemical means. Chemicals used
as sterilizing agents are called chemisterilants.

Physical Methods of Sterilization:

• Sunlight: The microbicidal activity of sunlight is mainly due to the
presence of ultra violet rays in it. It is responsible for spontaneous
sterilization in natural conditions. In tropical countries, the sunlight is
more effective in killing germs due to combination of ultraviolet rays and
heat. By killing bacteria suspended in water, sunlight provides natural
method of disinfection of water bodies such as tanks and lakes. Sunlight is
not sporicidal, hence it does not sterilize.

• Heat: Heat is considered to be most reliable method of sterilization of
articles that can withstand heat. Heat acts by oxidative effects as well as
denaturation and coagulation of proteins. Those articles that cannot
withstand high temperatures can still be sterilized at lower temperature
by prolonging the duration of exposure.



• Red heat: Articles such as bacteriological loops, straight wires, tips of
forceps and searing spatulas are sterilized by holding them in Bunsen
flame till they become red hot. This is a simple method for effective
sterilization of such articles, but is limited to those articles that can be
heated to redness in flame

• Flaming: This is a method of passing the article over a Bunsen flame, but
not heating it to redness. Articles such as scalpels, mouth of test tubes,
flasks, glass slides and cover slips are passed through the flame a few
times. Even though most vegetative cells are killed, there is no guarantee
that spores too would die on such short exposure.This method too is
limited to those articles that can be exposed to flame. Cracking of the
glassware may occur.

• Hot air oven: This method was introduced by Louis Pasteur. Articles to be
sterilized are exposed to high temperature (160o C) for duration of one
hour in an electrically heated oven. Since air is poor conductor of heat,
even distribution of heat throughout the chamber is achieved by a fan.
The heat is transferred to the article by radiation, conduction and
convection. The oven should be fitted with a thermostat control,
temperature indicator, meshed shelves and must have adequate
insulation.



• Articles sterilized: Metallic instruments (like forceps, scalpels, scissors), glassware
(such as Petri-dishes, pipettes, flasks, all-glass syringes), swabs, oils, grease,
petroleum jelly and some pharmaceutical products.

• Autoclave: Sterilization can be effectively achieved at a temperature above 100oC
using an autoclave. Water boils at 100oC at atmospheric pressure, but if pressure is
raised, the temperature at which the water boils also increases. In an autoclave the
water is boiled in a closed chamber. As the pressure rises, the boiling point of water
also raises. At a pressure of 15 lbs inside the autoclave, the temperature is said to
be 121oC. Exposure of articles to this temperature for 15 minutes sterilizes them.
To destroy the infective agents associated with spongiform encephalopathy
(prions), higher temperatures or longer times are used; 135oC or 121oC for at least
one hour are recommended.

• FILTRATION: Filtration does not kill microbes, it separates them out. Membrane
filters with pore sizes between 0.2-0.45 μm are commonly used to remove particles
from solutions that can't be autoclaved. It is used to remove microbes from heat
labile liquids such as serum, antibiotic solutions, sugar solutions, urea solution.
Various applications of filtration include removing bacteria from ingredients of
culture media, preparing suspensions of viruses and phages free of bacteria,
measuring sizes of viruses, separating toxins from culture filtrates, counting
bacteria, clarifying fluids andpurifying hydrated fluid. Filtration is aided by using
either positive or negative pressure using vacuum pumps. The older filters made of
earthenware or asbestos are called depth filters.



Experiment 2 - Nutrient Agar media and their preparation

Nutrient Agar: Composition, Preparation and Uses

Nutrient Agar is a general purpose, nutrient medium used for the
cultivation of microbes supporting growth of a wide range of non-
fastidious organisms. Nutrient agar is popular because it can grow a
variety of types of bacteria and fungi, and contains many nutrients needed
for the bacterial growth.

Composition of Nutrient Agar

• 0.5% Peptone

It is an enzymatic digest of animal protein. Peptone is the principal source
of organic nitrogen for the growing bacteria.

• 0.3% beef extract/yeast extract

It is the water-soluble substances which aid in bacterial growth, such as
vitamins, carbohydrates, organic nitrogen compounds and salts.

• 1.5% agar

It is the solidifying agent.

• 0.5% NaCl

The presence of sodium chloride in nutrient agar maintains a salt
concentration in the medium that is similar to the cytoplasm of the
microorganisms.



• Distilled water

Water is essential for the growth of and reproduction of micro-organisms
and also provides the medium through which various nutrients can be
transported.

• pH is adjusted to neutral (7.4) at 25 °C

Preparation of Nutrient Agar

1. Suspend 28 g of nutrient agar powder in 1 litre of distilled water.

2. Heat this mixture while stirring to fully dissolve all components.

3. Autoclave the dissolved mixture at 121 degrees Celsius for 15 minutes.

4. Once the nutrient agar has been autoclaved, allow it to cool but not
solidify.

5. Pour nutrient agar into each plate and leave plates on the sterile surface
until the agar has solidified.

6. Replace the lid of each Petri dish and store the plates in a refrigerator.

Uses of Nutrients Agar 

1. It is frequently used for isolation and purification of cultures.

2. It can also be used as a means for producing the bacterial lawns needed for
antibiotic sensitivity tests. In actuality, antibiotic sensitivity testing is
typically performed on media specially formulated for that purpose.



Experiment 3: Enumeration of microbial population in soil.

Soil microorganisms live in thin films of water that surround soil particles.
These tiny organisms include microflora (bacteria, fungi and
actinomycetes) and microfauna (protozoa and nematodes). In terms of
numbers and biological activity the microflora are dominant. Bacteria are
small (about 1 - 10 μm) and occur in three general shapes rod(bacillus),
spherical (coccus) and spiral (spirilla). Bacilli and cocci are more common
in soil. Fungi are filamentous and much larger. The branched hyphae
exhibit cell divisions and fungal mycelia (hyphal mass) are often
macroscopic. Actinomycetes are also filamentous and branched but
smaller.

Agar Plate Method for Microbial Count

In this method, soil is dispersed in an agar medium so that individual
microbial cells, spores or mycelial fragments develop into macroscopic
colonies. The procedure involves successive dilutions of soil. Depending
upon extent of dilution, plates may be filled with a huge number of
colonies or very few. Enumeration of colony-forming units initially present
in the soil is from plates in between these extremes. This method requires
sterile technique to avoid introduction of extraneous microbes.



Procedure

• A homogenized, field-moist sample of topsoil and bottles containing 90 mL of sterilized
water was taken to perform the experiment.

1. Add a 10 g sub-sample of topsoil to the bottle of sterilized water. Tightly cap and shake
vigorously for 10 minutes to disperse the soil. This is the 10-1 dilution.

2. Transfer 10 mL of the 10-1 dilution to another bottle of sterilized water. Use a
sterilepipette. Take sample from the middle. Tightly cap and shake to uniformly mix.
Thisis the 10-2 dilution.

3. Repeat step 2 using the 10-2 dilution to make a 10-3 dilution and proceed similarly ,
making 10-4, 10-5, 10-6 and 10-7 dilutions.

4. From the 10-7 dilution, transfer 1 mL to each of 2 sterile petri dishes using a sterile 1mL
pipette. Make similar transfers from the 10-6, 10-5 and 10-4 dilutions.

5. Into each seeded petri dish, pour enough sterile, melted agar to fill dish about
2full.Immediately swirl it around to ensure good mixing of soil inoculant and agar.

6. After the agar has solidified, invert plates and incubate at 35oC for 1 week.

7. Next week, count the number of colonies on plates from the dilution that contains from
30 to 300 colonies. Don't count from those plates that contain colonies larger than 2
cm diameter. Multiply by dilution, take the average and correct to oven-dry moisture
content of the soil. This gives the number of colony forming units (CFUs) per gram of
soil.



Experiment 4 : Methods of isolation and purification of microbial cultures

There are special techniques employed to obtain pure cultures of
microorganisms. In few cases it is possible to secure pure culture by direct
isolation or direct transfer. This can be done only in those situations in
which pure culture occurs naturally. Kinds of specimens taken for culturing
will depend on the nature and habitat of microbes.

Different pathogens can be isolated from body tissues and fluids such as
blood, urine, sputum, pus, faces, spinal fluid, bile, pleural fluids, stomach
fluids etc. In the blood stream of a patient suffering with typhoid fever, the
bacteria Salmonella typhosa may be present.

A pure culture of this bacterium may be obtained by drawing blood
sample using a sterilized hypodermic syringe and treating the blood with
anticoagulant such as heparin and potassium oxalate. The presence of the
anticoagulant prevents the pathogenic microbe from entrapping in fibrin
clot. The sample of the blood may be inoculated into a suitable medium.

1. Streaking 2. Plating 3. Dilution

4. Enriched procedure, and  5. Single cell technique. 



1. Streaking:

This is most widely used method of isolation. The technique consists of
pouring a suitable sterile medium into sterile petriplate and allowing the
medium to solidify. By means of a sterile loope or straight needle or a
sterile bent glass-rod a small amount of growth preferably from a broth
culture or bacterial suspension is streaked back and forth across the
surface of agar until about one third of the diameter of the plate has been
covered.

The needle is then flamed and streaking in done at right angles to and
across the first streak. This serves to drag bacteria out in a long line from
the initial streak. When this streaking is completed the needle is again
flamed and streaking is done at right angles to the second streak and
parallel to the first.

2. Plating: It includes diluting of a mixture of microorganisms until only a few
hundred bacteria are left in each millilitre of the suspension. A very small
amount of the dilution is then placed in a sterile petriplateby means of a
sterile loop or pipette. The melted agar medium is cooled to about 45°C
and is poured into plate. The microorganism and agar are well mixed.
When the agar is solidified the individual bacterium will be held in place
and will grow to a visible colony.



3. Dilution: This method is used for the microorganisms which cannot be
easily isolated by streaking or plating method. Sometimes when several
organisms are present in a mixture, with one organism predominating, the
predominating form may be isolated by this method. For example, when raw
milk is allowed to sour at room temperature it will, at the time of curding,
have a mixture of microorganisms with high percentage of Streptococcus
lactis.

If 1 ml of the sour milk is taken into a tube containing 9 ml. of sterile milk (in
which no organisms are present) then 1 ml. of this mixture is transferred with
a sterile pipette into a second tube of sterile milk and the procedure is
repeated i.e. from second to third tube, third to fourth tube until a series of
about 10 tubes are inoculated. By this serial dilution, the chances are that a
pure culture of S. lactis will be obtained.

4. Enrichment Procedure:

This procedure involves the use of media and conditions of cultivation which
favour the growth of the desired species. For example, when a man suffers
with typhoid, the intestinal discharge posses small number of Salmonella
typhosa when compared with E. coli and other forms.

It is almost impossible to isolate the typhoid organisms because they
represent only a fraction of a per cent of the total microorganisms present.
The media are therefore derived, which allow the rapid growth of the desired
organisms, at the same time inhibiting the growth of other microorganisms.



5. Single Technique:

This is one of the most ideal and difficult method of securing pure culture.
In this method a suspension of the pure culture is placed on the under-
side of a sterile cover-glass mounted over a moist chamber on the stage of
the microscope.

While looking through the microscope, a single cell is removed with the
help of sterile micropipette and transferred to a small drop of sterile
medium on a sterile cover-glass and is mounted on a sterile hanging drop
slide, which is then incubated at suitable temperature. If the single cell
germinates in this drop, few cells are transferred into a tube containing
sterile culture medium which is placed in the incubator to obtain pure
culture originated from single cell.

Other methods:

The isolation of anaerobic microorganisms is very difficult. There are
certain special techniques by which these organisms are isolated.

Cultivation of Microorganisms:

For cultivating microbes in laboratory, we require culture media. The
various mixtures of nutritive substances used for the laboratory cultivation
of microorganisms are collectively known as culture media. The culture
media serve as soil in which bacteria are planted for the purpose of study.



CultureMedia:

Culture media must contain all the essential nutrients required by the
organism for its growth and reproduction. A suitable source of energy,
building materials and growth factors must be supplied in adequate
amounts.

Culture medium must contain carbohydrate such as sugar which is a
source of hydrogen, carbon and chemical bond energy, nitrite ions or
ammonium ions (source of nitrogen), sodium/ magnesium sulphate
(source of nutrients), micronutrients growth factor, vitamins and certain
amino acids

So the microorganisms show a considerable variation in their nutritional
requirements, no single medium is suitable for growth of all of them.

The different types of culture media employed fall into three groups:

1. Defined or synthetic media:

These are the media prepared from chemical compounds. They are highly
purified and specific, an investigator working in another laboratory can
duplicate them.



2. Complex or non-synthetic media:

Media that are prepared from ingredients that have not been precisely
defined. It contains hydrolysed proteins and vitamin extracts. This type of
medium cannot be duplicated by another worker in another laboratory.
Peptone is usually produced by boiling beef, by the hydrolysis of its
protein. Casein peptone and milk peptone are also used in complex media
as the source of amino acids and nitrogen.

All liquid media, whether complex or synthetic may be converted to solid
media by adding either gelat in (a protein) or agar-agar, (a complex
polysaccharide) extracted from red marine algae. The use of agar has an
advantage. The most bacteria are unable to hydrolyze this molecule into
more simple components. Since gelatin is a liquid at room temperature,
the use agar allows the medium to remain in a solid form while microbes
are growing on its surface.

3. Living cells:

These are used for the cultivation of viruses. For example, fertilized eggs
incubated for 8 to 12 days are able to support the growth of many viruses.



In another classification culture media are grouped into following four 
types: 

1. Natural media: 

Includes substances occurring in nature, as 1) Milk 2) Eggs 3) Blood 4) 
Extract of plant and animal tissues. 

2. Derived media: 

Includes known substances but the chemical composition of each is 
unknown. Examples are 1. Nutrient broth (prepared by boiling beef to 
extract nutrients and adding an amino acid-nitrogen source.) 2. Nutrient 
agar 3. Nutrient gelatin. 

3. Chemically defined media: 

Exact chemical composition known. 

4. Special media: 

Include combinations of the other three types of media. 

There are four categories of media used in laboratory: 

They are: 

1. Enrichment 2. Selective 3. Differential and 4. Propagation. 



1. Enrichment media:

They are prepared with ingredients that will enhance the growth of certain
microbes. Enrichment media encourage the growth of the suspected pathogen
so that it will become the most pre-dominant type of microbe in the culture.
Two types of enrichment media are blood agar and chocolate agar.

2. Selective media:

They are prepared with ingredients that inhibit the growth of unwanted
microbes which might be in the specimen. The inhibitor may be an antibiotic,
salt or other chemical. Mixed culture of microbes originally grown in
enrichment media may be inoculated into selective media to isolate the
desired microbe.

3. Differential media:

They are designed to differentiate among microbes. Different bacterial species
may produce dissimilar colony colours when grown on differential agar. While
in differential broth cultures, the media change colour. Differential media are
used to confirm the identity of a microbe that has already been isolated by
culturing in enrichment and selective media.

4. Propagation media:

They are used to propagate, or keep microbes growing for a long lime.
Samples grown on these media may be taken for analysis. The most common
propagation media are nutrient broth and agar.



Preparation of Media:

There are three main steps in the preparation of media:

(a) Preparation as solutions of chemicals and adjusting the pH.

(b) Dispensing the media, and

(c) Sterilization.

A broth is prepared by dissolving the appropriate amount of the
components in distilled water and pH is adjusted by the addition of either
dilute NaOH or Hcl. The broth is dispensed into clean rimless ‘Pyrex’ test
tubes which are plugged with non-absorbant cotton wool plugs. The test
tubes are placed in wire baskets which are covered with grease proof
paper.

The media are sterilized by autoclaving at a temperature of 121 °C and a
pressure of 151 b/in2 for 15 minutes. But medium containing heat-
sensitive substances are sterilized either by filtering the solution at room
temperature, using bacteria-proof filter or by a process called
Tyndallization.

In this method, the liquids are steamed for one hour a day on three
consecutive days and the liquids are incubated at 25-30°C. During the first
steaming, all the heat sensitive vegetative cells are killed, leaving only the
spores. During the first incubation period, most of the spores germinate in
to vegetative cells. These vegetative cells are killed by the second steam
period.



In the second incubation period, the rest of the spores germinate into
vegetative cells which are killed by the third steaming period. In this way, the
liquids are sterilized without temperature rising above 100°C.

Maintenance of Pure Culture:

After obtaining the pure culture of a particular microbe, it may be grown and
maintained as a pure culture in different ways:

1. The most common practice is to grow the culture on suitable medium until it
reaches the stationary phase of growth, and then store in a refrigerator. If they
are to be kept alive for a long period all culture must be transferred to a fresh
sterile medium. Thus by successive transfer, a culture may be kept for an
indefinite period.

2. A second method involves freezing of young culture and desiccating it under
vaccum. The cells of a pure culture will remain viable for a long period of time
if they are mixed with sterile blood serum, sterile skimmed milk, before
freezing and drying. They dried cultures are kept in the sealed, evacuated
tubes and are stored in cool places.

3. This method of maintaining pure culture is most suitable for spore forming
species. The microorganisms are grown in pure culture in suitable media. A
suspension of microorganisms is then transferred to cotton stoppered tubes of
sterilized dry soil. The spores remain viable, though dormant, for long periods
of time, in dry soil. The organism can be grown after a desired period, by
transferring the soil into a suitable medium and incubating it under suitable
temperature.



Exercise No. 5 : Isolation of rhizobium from root nodules

Rhizobium is a symbiotic nitrogen fixer and forms nodules on the roots of
leguminous plants. Rhizobia can be isolated from the root nodules after cleaning
and surface sterilizing the nodules. The nodules can be either crushed in small
volume of sterile water or dissected and the nodule contents streaked on the
plate containing yeast extract mannitol agar medium (YEMA). To distinguish
rhizobia from other contaminating bacteria incorporation of dye Congo red (10 ml
of 1/400 aquous solution) in YEMA medium is advantageous as rhizobial strains
absorb the dye wealy whereas many other bacteria take it up strongly(Vincent,
1970).

Requirements :

Petridishes, sterile tap water, mercuric chloride (0.1%), ethyle alcohol (70 %), test
tubes containing 5 ml sterile water, scalpel, YEMA with congo red, glass rod
forceps.

Procedure :

1. Uproot healthy leguminous plant

2. Wash the root system with gentle running tap water

3. Select nodules which are healthy, pink and preferably on the tap root

4. Separate the nodule by giving diagonal incision from two sides of nodules so as
to cut nodule along with root portion



5. Wash the nodules thoroughly with running water

6. Transfer nodule to sterile beaker and surface sterilize with 0.1 % mercuric 
chloride for 3 minutes and wash the nodules with sterile water at least 5 
to 6 times

7. Dip the nodule in 70% ethyl alcohol for 30 second and decant the alcohol 
and wash the nodules with sterile water at least 5 times.

8. Place the nodule in vial containing sterile water or on porcelain cavity plate

9. Crush the nodule with sterile glass rod

10. Plate the suspension on CRYEMA plates.

11. Incubate at 28 o C till small, round colourless or white with central red dot 
and entire margin develop

12. Trasnsfer the isolated colony to fresh CREYMA plate for purification

13. Maintain the pure culture on YEMA slants till further use 



Composition of yeast extract mannitol agar medium (Fred et al.1932)

Mannitrol 10.0 g

Yeast extract 1.0 g

K2HPO4 0.5 g

MgSO4. 7H2O 0.2 g

NaCl 0.1 g

Distl. Water 1000mL

Agar 18 g

pH 7.0

For isolation and purification of Rhizobium sterilized 10 mL of congo red is 
to be added to YEMA just before pouring of plates and the medium is 
referred as CREYMA



Nitrogen Fixation



Nitrogen fixation-
Nitrogen is essential for all living things because it is a major part of

amino acids, which are the building blocks of proteins and of nucleic acids
such as DNA, which transfers genetic information to subsequent generations
of organisms. Our atmosphere has 78% nitrogen gas and this atmospheric
nitrogen is molecular dinitrogen, a relatively nonreactive molecule that is
metabolically useless as it cannot be utilized directly by the plants or animals.
The living organisms especially bacteria, convert nitrogen gas of the
atmosphere or air into compounds of nitrogen, which can be used by the
plants The process of converting atmospheric nitrogen into ammonia or
related nitrogenous compounds in soil, which plants require, is known as
Nitrogen fixation.

Nitrogen fixation is essential to life because fixed inorganic nitrogen
compounds are required for the biosynthesis of all nitrogen-containing
organic compounds, such as amino acids and proteins, nucleoside
triphosphates and nucleic acids.





A. Chemically N fixation -Industrial fixation
B. Atmospheric nitrogen additions addition



• Chemically N fixation-Industrial fixation

Haber’s –Bosch process: when a mixture of N2 (obtained
from liquification of air) and H2 (prepared electrically or
from water gas or natural gas i.e why many petroleum
companies are involved in fertilizer business) over finely
divided Fe (catalyst) and Mo (as a promoter) is heated
(500- 7000C) under high pressure (200- 900 atm), NH3 is
formed.



Atmospheric nitrogen additions

Nitrogen is deposited onto the earth’s surface by:

• Rain -
– In the form of ammonium, nitrate, nitrite

• Finely divided organic N swept along the earth’s 
surface

• Lightning 
– Responsible for approximately 10-20 % of soil nitrate 

(114, Fertilizers) 

• Industrial wastes 





Biological nitrogen fixation is the biochemical process by which elemental
nitrogen is combined into organic forms. It is carried out by the number of
organisms including several species of bacteria ( not all of which are associated
with legumes), a few actinomycetes and blue green algae ( Cyanobacteria). The
biological nitrogen fixation is accomplished by number of different organisms. A
common mechanisms appears to involved. The overall effect of process is to
reduce nitrogen gas to ammonia in presence of nitrogenase enzyme.

(Nitrogenase)
N2 + 6H +6e- 2NH3

(Fe, Mo)
Ammonia in turn is combined with organic acids to form amino acid and
ultimately proteins.
NH3 + organic acids Amino acids Proteins.





Symbiotic nitrogen fixation with legumes

The symbiosis, or living together, of legumes and bacteria of the genous
rhizobium provides the major biological source of fixed nitrogen in
agricultural soils. Rhizobium bacteria invade the root hairs and cortical
cells, ultimately inducing the formation of nodules that serve as a home
for the organisms. The host plant supplies the bacteria with
carbohydrates for energy, and the bacteria reciprocate by supplying the
plant with fixed nitrogen compounds, an association that is mutually
beneficial. There is specificity between rhizobium and host plants. Some
Rhizobium species are only capable of nodulating a particular legume
species and cannot successfully nodulate other legumes.
For example, the Rhizobium that nodulates alfalfa is a different species
from the Rhizobium that nodulates soybean.
This phenomenon is known as Rhizobium specificity. This specificity of
interaction is the basis for classifying rhizobia and their host plants
called cross inoculation groups.



These seven inoculation groups of rhizobium are-

Cross inoculation group Rhizobium species Host it can inoculate

R. leguminosarum

Pea group bv. viceae Pea , lentil

Bean group bv. phaseoli Phaseolus spp

Clover group bv. trifoli Trifolium spp.

Alfalfa group R. mililoti Medicago, melilotus, fenugreek

Lupine group R. lupini Lupinus, orinthopus

Soybean group R. japonicum Glycine

Cowpea group Rhizobium species Vigna, Crotolaria, Arachis, Cajanus, 
Dolichos

Chickpea group Rhizobium spp. chickpea















Symbiotic nitrogen fixation with nodule forming 
nonlegumes

The most important symbiotic relationships with dicotyledonous
woody shrubs and trees, are those with certain actinomycetes of
Franki species. The infection of roots and nodule formation have
similarities to the legume-rhizobia system. Alnus is a pioneer genus
of large trees that grow in the rocky mountain and pacific slope, are
found on freshly exposed parent materials and nitrogen contributor
in the early stages of soil formation.

eg. – Alnus, Myrica, Casuarina etc
One of the best known symbiotic algal N-fixing associations

consists of blue green algae and fungi in lichens. The algae fix
nitrogen that benefits the fungi, and the algae appear to benefit
from biotin and thiamine produced by the fungi. In wet and tropical
invironments blue-green algae invade the stems of herbaceous
dicots of Gunnera genus. Glands are formed on the stems, similar
to nodules on roots and the algae fix N in the glands.



Symbiotic nitrogen fixation without nodules

The most important symbiotic- algal association for agriculture is the
Azolla-Anabaena association, which is used for rice production in flooded
fields. The Azolla is a floating fern with roots that penetrate below the
water surface. The anabaenas, which are blue-green algae, live in the
fronds of the fern. There in no vascular connection between the two
organisms. Upto 60% of the fern’s Nitrogen comes from ammonia
produced by anabaenas. In rice fields the nitrogen is released to the rice
when the organic matter is mineralized. The floating biomass can be
skimmed off the surface of ponds and used as a high protein animal feed.
Thus the great diversity exists in the symbiotic N-fixing systems that
account for the addition of large amounts of nitrogen to soils in natural
eco-systems as well as agricultural fields.

• . 



Non -symbiotic nitrogen  fixation

• Several kinds of heterotrophic bacteria are Nitrogen-fixers and are
of minor importance in agricultural soils. These heterotrphs must
compete with other soil organisms for the limited supply of organic
substrates that are available for their carbon and energy.
Azotobacter and Beijernickia are aerobes and accur in temprate and
tropical soils, respectively. Clostridium is a heterotropic bacterium
that thrives only under anaerobic conditions. Azospirillum is a
bacterium that has been found to live in the rhizosphere of the
roots of tropical grasses and fix some nitrogen.

• Blue green algae live near the soil surface and fix nitrogen
nonsymbiotically. They are photosynthetic and need not compete
for the limited supply of organic substrates. In rice or other floded
areas, blue green algae in the water fix large amounts of nitrogen
and contribute significantly to the Nitrogen needs of the plants.



Associative Symbiotic Nitrogen Fixation: 

Certain bacteria, living in close contact with the roots of cereal and

grasses, fix nitrogen. This association is a loose mutualism, Called
associative Symbiosis. The bacteria reside in the transition zone between
soil and root (the rhizosphere) and sometimes enter the roots. Some of
the fixed nitrogen is absorbed by the roots and in turn the bacteria get
nourishment from the carbohydrates released by the roots. Some of the
examples are:

1. Azospirillum brasilense in association with cereal roots.

2. Beijerinckia in association with the roots of Sugarcane.

3. Azotobacter paspali in association with roots of tropical grass- Paspalum
notatum.



mechanism of nitrogen fixation-

The process of nitrogen fixation is mediated by the enzyme called
nitrogenase. It was first extracted from the anaerobic dinitrogen fixer
Clostridium pasteurianium and later on isolated from most other nitrogen
fixer bacteria.

Nitrogenase is a functional enzyme which reduces nitrogen to ammonia
and depends on energy source from ATP. Ammonia is the end product of
nitrogen fixation. This process is requires source of ATP and reductants
which are provided by photosynthesis. 16 molecules of ATP are required
to fix a molecule of nitrogen.

Hydrolysis of ATP in to ADP with electron transfer from a reduced electron
donor (ferrodoxin, flavodoxin) is coupled to reduced nitrogen to ammonia.
The ammonia is first stable compound of fixation and it is assimilated by
GS- GOGAT pathway.

Hydrogenase convert the release dihydrogen during nitrogen fixation and
cycled back the hydrogen for energy generation.



The enzyme nitrogenase which reduces the atmospheric nitrogen to 
ammonium , has been found to be present in all of the nitrogen fixing 
bacteria. Nitrogenase contains two component- first is designated as Mo-
Fe protein (nitrogenase) and second component is designated as Fe-
protein (nitrogenase reductase). Both the components are oxygen 
sensitive . Nitrogenase also reduced the acetylene to athelen. 







Biofertilizer



In other words biofertilizers are carrier based microbial inoculants
containing sufficient cell of efficient strains of specific
microorganisms that help in enhancing the soil fertility either by
fixing atmospheric nitrogen, solubilisation, mineralization of
phosphorus and potash or decomposing organic wastes by
augmenating plant growth and promoting substances with their
biological activities.























Azolla production and use



Azolla-
Azolla ( Azolla spp.) is an aquatic fern consisting of short branched, floating 
stem bearing roots which hangs down in water. The leaves alternately arranged 
each consisting to thick aerial dorsal lobe containing green chlorophyll and a 
slightly larger thin, colourless floating ventral lobe. Under same conditions an 
anthocyanin pigment gives the reddish brown colour to the fern. A. pinnata
gives the appearance dark green to redish carpet except A. nilotica, it does not 
produce the red pigment. The most remarkable characteristic of Azolla is its 
symbiotic relationship with nitrogen fixing blue green algae (cyanobacterium) 
Anabaena azollae. The rate of nitrogen fixed is about 25 kg/ ha. 

➢ As green manure it is grown alone for two or three weeks in flooded fields. 
After wards water is drained out and azolla is incarporated in the fields before 
transplanting of paddy, other wise 4-5 q of fresh azolla is applied in standing 
water one week after transplanting.

➢ Its flaks can be used as poultry feed

➢ Green azolla is used as cattle and fish feed because it contain about 24 % 
protein 

➢ It can be used as biofertilizer and as scavenger, it takes out the heavy metal.





Mycorrhizae literally translates to “fungus-root.” Mycorrhiza defines a
(generally) mutually beneficial relationship between the root of a Plant
and a fungus that colonizes the plant root. In many plants, mycorrhiza
are Fungi that grow inside the plant’s roots, or on the surfaces of the
roots. The plant and the fungus have a mutually beneficial relationship,
where the fungus facilitates water and nutrient uptake in the plant, and
the plant provides food and nutrients created by Photosynthesis to the
fungus.

Not all plants will have mycorrhizal associations. The environments in
which water and nutrients are abundant in the soil, plants do not require
the assistance of mycorrhizal fungi, nor might mycorrhizal fungi germinate
and grow in such environments.

Types of Mycorrhizae

There are two predominant types of mycorrhizae: ectomycorrhizae, and
endomycorrhizae. They are classified by where the fungi colonize on the
plants.

https://biologydictionary.net/mycorrhizal-fungi/


Ectomycorrhiza

Ectomycorrhizal association are mutualistic association between higher fungi
and conifers and woody plants/ trees and forest trees (angiosperms and
gymnosperms). The ecto mycorrhizal associations consist of soil mycelium
network , mycorrhizal roots (particularly root tips) and storage or reproductive
structure. The ectomycorrhizal root is typically characterized by the presence
of Hartig net. Additionally, ectomycorrhiza can be identified by the formation
of a dense hyphal sheath surrounding the root’s surface. This is known as the
mantle. In other words, ectomycorrhiza live only on the outside of the root.
Overall, only 5-10% of terrestrial plant species have ectomycorrhiza.

Endomycorrhiza

Endomycorrhizal relationships are characterized by a penetration of the
cortical cells by the fungi and the formation of arbuscules and vesicles by the
fungi. In other words, endomycorrhiza have an exchange mechanism on the
inside of the root, with the fungi’s hyphae extending outside of the root. It is a
more invasive relationship compared to that of the ectomycorrhiza. Ex fungi
include Ascomycota

Endomycorrhiza are further subdivided into specific types: Arbuscular
Mycorrhizae, Ericaceous Mycorrhizae, Arbutoid Mycorrhizae, and Orchidaceous
Mycorrhizae.

https://biologydictionary.net/species/


Orchid Mycorrhiza

Orchid seeds require fungal invasion in order to germinate because,
independently, the seedlings cannot acquire enough nutrients to grow. In this
relationship, the orchid parasitizes the fungus that invades its roots. Once the
seed coat ruptures and roots begin to emerge, the hyphae of orchidaceous
mycorrhiza penetrate the root’s cells and create hyphal coils, or pelotons,
which are sites of nutrient exchange.

Arbuscular Mycorrhiza

Arbuscular mycorrhizal fungi are the oldest and most common symbiosis with
land plants, including vegetable crops, fruit crops and ornamental plants. AM
fungi prominently facilitate nutrient uptake by forming vesicles, arbascules
and hyphae in the plant roots. They also produce spores and form hyphae in
the rhizosphere so as to enhance the access of roots to a large surface area
leading to better plant growth and development. It is mainly facilitate uptake
of nutrients specially phosphorus by the extra radical mycorrhizal hyphae but
also protect plants against pests and The fungi involved in this mycorrhizal
association are members of the zygomycota family and appear to be obligate
symbionts. In other words, the fungi cannot grow in the absence of their plant
host.



Ericaceous Mycorrhiza

Ericaceous mycorrhizae is generally found on plants of the order Ericales
and in inhospitable, acidic environments. While they do penetrate and
invaginate the root cells, ericoid mycorrhiza do not create arbuscules.
They do, however, help regulate the plant’s acquisition of minerals
including iron, manganese, and aluminum. Additionally, mycorrhizal fungi
form hyphal coils outside of the root cells, significantly increasing root
volume.

Arbutoid Mycorrhiza

Arbutoid mycorrhiza are a type of endomycorrhizal fungi that look similar
to ectomycorrhizal fungi. They form a fungal sheath that encompasses the
roots of the plant; however, the hyphae of the arbutoid mycorrhiza
penetrate the cortical cells of plant roots, differentiating it from
ectomycorrhizal fungi.





Rhizosphere:

The term ‘‘rhizosphere’’ has been derived from the Greek word ‘rhiza’,
meaning root, and ‘sphere’, meaning field of influence. It was first defined by
German scientist Hiltner (1904) as ‘‘the zone of soil immediately adjacent to
legume roots that supports high levels of bacterial activity’’.

Rhizosphere can be defined as the region extending a few millimeters from
the root surface in which the microbial population of soil is influenced by the
chemical activities of plant roots. The rhizosphere differs from the bulk soil
because of the activities of plant roots and their effect on soil organisms.

A major characteristic of the rhizosphere is the release of organic
compounds into the soil by plant roots. These compounds called root
exudates makes the environment different in rhizosphere and bulk soil. The
exudates increase the availability of nutrients in the rhizosphere & also
provide a carbon source for heterotrophic microorganisms. The

exudates cause the no. of microbes to be far greater in the rhizosphere than
in the bulk soil. The population of organisms in the rhizosphere can be 500
times higher than in bulk soil.

Organisms in the rhizosphere can affect the plant roots by altering the
movement of carbon compounds from roots to shoots. Many
microorganisms are beneficial and are called Plant growth promiting
rhizobacteria(PGPR).



Various root microbes association can increase nutrient uptake by plants
in nutrient poor environment such as symbiosis (eg.Mycorrhizal or
Rhizobia ) & specific association (Associative N2 fixing bacteria with

grasses etc – Azospirillum) . Some microorganisms produce hormones that
stimulate plant growth and some microorganisms are antagonistic to
plant pathogens. But some soil microorganisms are pathogenic & attack
living plant roots.

1. Endorhizosphere: that consists of the root tissue including the endodermis
and cortical layers.

2. Rhizoplane: is the root surface where soil particles and microbes adhere. It
consists of epidermis, cortex and mucilaginous polysaccharide layer.

3. Ectorhizosphere: that consists of soil immediately adjacent to the root.

Rhizoplane:-

The rhizoplane is the surface of the plant roots in the soil. The rhizoplane
is the site of the water & nutrient uptake & the release of exudates in to
the soil. As roots grow they cast dead cells & navigate around the soil
particles making the rhizoplane highly irregular, blurring the dividing line
between the root surface & soil.











Phyllosphere:

The region on the leaf surface where microorganisms are present
abundantly. The leaf surface microbes may perform an effective function
in controlling the spread of air borne microbes inciting plant disease.
Resistance to disease causing microbes has also been attributed to
fungistatic compounds secreted by leaves such as malic acid etc.
Phyllosphere bacteria are often pigmented due to direct solor radiation.
Any change in phyllosphere, affects plant growth which in turn affects the
physiological activity of root system. Such changes in the root results in an
altered pH & spectrum of chemical exudation causing a change in
rhizosphere microflora. Thus there is a link between phyllosphere
microflora and rhizosphere microflora. There is a continuous diffusion of
plant metabolites from leaves which support the microbial growth & in
turn these microbes protect the plant from pathogens.



Biodegradation-

It is a process by which organic substances are broken down by the 
environmental effect and by the living organisms. Biodegradable matter is 
generally organic material such as plant and animal matter and other 
substances originating from living organisms.

Composition of organic residues-

Plant residus contain 75% moisture and 25% dry matter and this 25 % is 
made up of carbon (10-12%), oxygen (9-10%), hydrogen (1.5- 2.5%), N (1-
2%) and drymatter (1-3%). 

Composition of plant tissues-

Carbohydrates-

Cellulose (20-50%), hemicellulose (10-30%), starch (1-5%),  Proteins (1-15%), 
Fats, waxes tennins (1-10%) and lignin (10-30%)

Organic residue is classified on the basis of their rate of decomposition-

Rapidly decomposed- Sugars, starch, proteins etc

Less rapidly decomposed- Hemicellulose, cellulose etc.

Very slowly decomposed- Fat, waxes resins lignin etc.



Decomposition of organic residue-
Different organic residue contain different organic compounds. There is great 
variation in the rate of decomposition of organic residue. Even though the 
composition may vary the end products are more or less the same. The general 
reactions during decomposition are-
a. Enzymatic oxidation of bulk with release of carbon dioxide, water and energy
b. Essential elements are released (NPS etc) and Immobilized by series of 

reactions
c. Formation of compounds which are resistant to microbial action.

Under aerobic condition the products are formed CO2, NH4, NO3, H2PO4, SO4, 
H2O and essential plant nutrients like Ca, Mg, Fe, Cu, Zn etc.

Under anaerobic condition CH4, organic acid like lactic, propionic, butyric acids, 
NH4, various amine residues (R-NH2), H2S, ethylene (CH2=CH2) and humic
substances.

Decomposition of soluble substance-
When glucose is decomposed under aerobic conditions the reaction is as-
Sugar + oxygen                                   CO2 + H2O



Under partially oxidised conditions-

Sugar + oxygen = alephatic acid ( acetic acid formic acid etc) or hydroxy acids
( citric acid, lactic acid etc) or alcohol (ethyle alcohol etc)

Decomposition of insoluble substances-

a. Break down of protein- 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 e.g. Proteases, 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.



Cellulose decomposition:

Cellulose is the most abundant carbohydrate present in plant
residues/organic matter in nature. When cellulose is associated with
pentosans (eg. xylans & mannans) it undergoes rapid decomposition, but
when associated with lignin, the rate of decomposition is very slow. The
decomposition of cellulose occurs in two stages:

(i) in the first stage the long chain of cellulose is broken down into
cellobiase and then into glucose by the process of hydrolysis in the
presence of enzymes cellulase and cellobiase, and

(ii) in second stage glucose is oxidized and converted CO2 and water .
Cellulose is a structural polysaccharide that contains glucose. In order to
access this glucose for catabolism, the cellulose must be decomposed by
extracellular enzymes. These pieces are then transported into the cell
for energy generation (catabolism) or production of biomass
(anabolism). Fungi such as Penicillium and Aspergillus and bacteria such
as Streptomyces and Pseudomonas are important participants in the
extracellular cleavage of cellulose (sylvia, 2005). The most extensively
studied sources of cellulolytic enzymes have been the fungi Trichoderma
and Phanerochaete and the bacteria Cellulomonas (an aerobe) and
Clostridium thermocellum (an anaerobe).



Hemicellulose decomposition:

Hemicelluloses are water-soluble polysaccharides and consist of hexoses,
pentose, and uronic acids and are the major plant constituents second
only in quantity of cellulose, and sources of energy and nutrients for soil
micro flora. The hydrolysis is brought about by number of hemicellulolytic
enzymes known as "hemicellulases" excreted by the microorganisms. On
hydrolysis hemicelluloses are converted into soluble
onosaccharide/sugars (e.g. xylose, arabinose, galactose and mannose)
which are further convened to organic acids, alcohols, CO2 and H2O and
uronic acids are broken down to pentose and CO2. Various
microorganisms including fungi, bacteria and actinomycetes both aerobic
and anaerobic are involved in the decomposition of hemicelluloses. Even
though hemicelluloses decomposition is much quicker than cellulose
decomposition, cells will utilize simple as substrates before
hemicelluloses.



Lignin decomposition:

Lignin is the third most abundant constituent of plant tissues, and
accounts about 10-30 percent of the dry matter of mature plant materials.
Lignin content of young plants is low and gradually increases as the plant
grows old. 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. The final cleavages of these
aromatic compounds yield organic acids, carbon dioxide, methane and
water. Lignin is the main component of wood in trees. Lignin has a varied,
unique, and complicated chemical structure which contains many
aromatics. These aromatics can be released from the lignin structure by
fungal enzymes such as peroxidises and oxidases. The enzymes utilize
H2O2 and OH radicals to break the bonds in the lignin. Common types of
fungi which degrade lignin are white rot (Phanerochaete chrysosporium),
brown rot, and soft rot. Once the aromatics are released from the original
lignin structure they are incorporated into the metabolic pathway as
pyruvate, acetyl CoA, and into the TCA cycle.



Breakdown of Starch:

It is chemically a glucose polymer and is first hydrolyzed to maltose by the
action of amylases. Maltose is next converted to glucose by maltase. The
process is represented as under:

(C6H10O5)n +nH2O n (C6H12O6)

C:N ratio- The carbon-to-nitrogen ratio in soil is the ratio of the mass of carbon-
to-nitrogen. A C:N ratio of 10:1 means there are ten units of carbon (C) for
each unit of nitrogen (N) in the soil [The composition of soil organic
matter averages about 5 percent nitrogen and 52 percent carbon. A soil with 1
percent organic matter contains about 0.05 percent nitrogen and 0.52 percent

carbon – a C:N ratio of about 10:1 (range 8:1 to 12:1)]. The optimum C:N ratio

is 24:1 for desired decomposition of our crop residue. The ratio 24:1 is the
proper carbon and nitrogen that a microorganism must have in order sustain
its health. A microorganism living in the soil has a C:N ratio of about 8:1; this is
what they must maintain in their bodies. For optimum health the microbe
requires approximately 16 parts of carbon for energy and then 8 parts for
maintenance. This is where the ratio of 24:1 comes from.

https://soilhealthnexus.org/resources/soil-properties/soil-chemical-properties/nitrogen/


Biofertilizer  

Biofertilizers, being natural products and eco-friendly in nature, assume great 

significance in organic farming. Being the preparation of useful soil microorganisms, 

biofertilizers improve soil health directly or indirectly. Large scale use of chemical fertilizers 

causes the problem of pollution and deterioration of soil structure. The use efficiency of 

chemical fertilizers in crops is generally low as they have varying fate in soils. The nitrogenous 

fertilizers are subjected to leaching, denitrification and volatilization losses while phosphatic 

fertilizers undergo process of fixation in soil. In dry land and rain-fed agriculture, moisture is 

also a limitation in use of inorganic fertilizers. In recent past, cost of chemical fertilizers has 

increased tremendously and it becomes difficult by the farmers to use recommended dose of 

plant nutrients in their crops. In a country like India, where majority of farmers are marginal 

having small holdings, use of biofertilizers in conjunction with organic and inorganic fertilizers 

offer a great opportunity for sustainable crop production.  

Biofertilizers, as the name indicates are the fertilizers of biological origin. In strict sense 

real biofertilizers are green manures and organics (materials of biological origin which are added 

to deliver the nutrients contained in them).    However, in restricted scope the term biofertilizer is 

used for live preparations of microorganisms, alone or in combination, which may help in 

increasing 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  

Types of biofertilizers 

On basis of their nutrient supplying capacity, biofertilizers can be broadly classified in 

two groups i.e. nitrogen fixing and phosphate mobilizing biofertilizers. Currently only these two 

types of biofertilizers are in use and available in the market, though recently the market is 

flooded with different kinds of microbial preparations.  

Nitrogen fixing biofertilizers 

They are the preparations generally used as seed inoculants for the supply of nitrogen to 

the crops. Several hetrotrophic bacteria have capacity to fix dinitrogen from atmosphere to make 

it available for plant use. Some of these bacteria can fix nitrogen in free living conditions like, 

Azotobacter, Azospirillum, Beijerinckia, Derxia , Acetobacter etc. while other forms symbiotic 

association with plants e.g. Rhizobium in legumes. Free living blue green algae (Cynobactera) 

also have ability of nitrogen fixation and are potential biofertilizers for rice crop as they require 

relatively more moisture for their growth, survival and activity. Nitrogen fixing biofertilizers can 

be further divided in two groups. (i) Azolla and Rhizobium cultures which fix nitrogen 



symbiotically, (ii) Azotobacter, Azospirillum and Blue green algae cultures fixing nitrogen a 

symbiotically.  

 

BIOFERTILIZERS 

 

Nitrogen fixing     Phosphate mobilizing 

 

 

      Symbiotic Non symbiotic        Phosphate                        Phosphate 

            Solubilizer  Absorber 

    Rhizobium Azospirillum    

    Azolla Azotobacter     Bacillus         (Mycorrhizal) 

 Acetobacter     Pseudomonas        Ecto and Endo 

 Blue green algae                Aspergillus         VAM 

                   Penicillium 

Rhizobium Inoculant:  

Rhizobium is a biofertilizer for pulse crops, groundnut and soybean. This bacterium forms 

root nodules in legumes and forms symbiosis by providing nitrogen to the host plant. The 

Rhizobium – legume association could fix up to 40-200 kg N/ha/season and is able to meet up to 

80-90 % of the crop nitrogen needs. Rhizobium  inoculation can  further  increase this amount by  

about 40-50 kg N/ha.  Crop management, however, is very important aspect for the efficiency of 

inoculation in order to obtain their benefits in crop production. Different legumes fix different 

amount of nitrogen depending on the crop, soil and environmental conditions. The efficiency of 

legume Rhizobium symbiosis depends upon the host crop and its compatibility with the 

Rhizobium bacteria, crop management and several soil factors like available soil nitrogen, soil 

moisture, pH, temperature etc.  

Azotobacter and Azospirillum inoculants: Azotobacter and Azospirillum are the biofertilizers 

for cereals, vegetables and oil seed crops. Their inoculation was found to increase the yields 

ranging from 2 – 50% depending upon the strains used, crop type, soil and environmental 

conditions and crop management practices. The amount of nitrogen fixed by these bioferilizers is 

relatively less ranging from 15-25 kg N/ ha/ year under optimum conditions. Inoculation with 

these cultures can increase the grain yield by about 10 per cent depending on the management of 

the crops (Table 1). Besides nitrogen fixation, these organisms also secrete phytoharmones, 

vitamins and anti-fungal compounds in rhizosphere leading to increased germination, plant 

growth and yield.  

 



 

Table 1. Response of Rhizobium ,Azotobacter and Azospirillum in field crops. 

Crops 

Legume  

Per cent increase in yield 

Rhizobium 

Pigeonpea  17.9 

Mung 18.3 

Urd 16.5 

Lentil 11.1 

Chickpea 6.9 

Cereals/vegetables  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 - 

   (Pareek and Chandra, 1995) 

 

Table 2: Residual effect of legumes grown as sole and intercrop with a cereal on a following 

cereal yield in terms of fertilizer-N equivalents. 

Preceding legume Following cereal Fertilizer-N equivalent (Kg ha-1) 

Pigeonpea (sole) Maize 40 

Pigeonpea/sorghum Maize 20 

Groundnut  Wheat 28 

Groundnut/maize Wheat 12 

Greengram Wheat 68 

Greengram/maize Wheat 16 

Cowpea Wheat 38 

Cowpea/maize Wheat 13 

                           Source: Kumar Rao et al. (1983)  

Acetobacter inoculant: 

 Acetobacter diazotrophicus was discovered recently from sugarcane rhizosphere and 

renamed as Ggluconacetobacter diazotrophicus in 1998. This bacterium has ability to fix 

atmospheric N2 and to survive under high sugar concentration.  It can tolerate low pH, fix N2 

even in presence of nitrate and is best adapted endophytically in sugarcane environment and 

therefore, assumes more importance in nitrogen economy as compared to the other biofertilizers 

in sugar cane. Its inoculation in sugarcane has been reported to fix up to 150 kg N/ha/year. 



Besides, the bacterium secretes plant growth promontory substances such as Indole acetic acid 

and favours the germination and root development, which in turn help in the absorption of plant 

nutrients effectively from soil. This biofertilizer is useful in sugarcane crop and posses the ability 

to increase the crop yield by about 10 %. The application of Acetobacter biofertilizer can benefit 

the sugarcane growing areas in the country by increasing sugar content in cane from 0.3 to 0.5 

%. 

BGA inoculant: 

 Blue green algae (BGA), also known as cynobacteria, are photosynthetic bacteria. Many 

of them are nitrogen fixing and synthesize their own energy source for nitrogen fixation unlike 

Azotobacter and     Rhizobium. Lowland (puddled)    rice is  an ideal ecosystem for their survival,  

 

Table 3. Performance of BGA on farmers field in Tamilnadu 

Treatment 
Grain yield of rice (kg/ha) at different locations 

Vellore Trichy Cuddalore 

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)  

growth and nitrogen fixation and therefore, BGA are suitable biofertilizer for rice crop. They 

form a mat on ponding water in rice fields and fix atmospheric nitrogen. The colour of their mat, 

in contrast to those of green algae, is bluish green. They can fix about 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. The major problem in algal inoculation is the establishment of inoculated 

species in sufficient numbers in field. Grazers and green algae create problem in their 

establishment.  

Azolla: 

 Azolla is a floating fresh water fern and umbiquitous in distribution in low land  fields 

and water bodies. The fern harbours a nitrogen fixing cyanobacterium (BGA) called Anabaena 

azollae at all stages of its growth and development Azolla is capable of growing profusely in 

shallow water system and produce large amount of biomass.  Normally one kg Azolla can fix 1.9 

to 2.5 kg nitrogen in about one month under optimum growth conditions. The nitrogen content of 

Azolla on dry weight basis is generally 5.0 %. The fern can be used in rice crop by two ways: as 

green manure or as dual crop. In case of green manuring the fern is grown in the field or in 

separate shallow ponds and incorporated into soil prior to transplanting of rice. As a dual crop it 

is intercropped with rice and then mixed in the soil while crop is growing. It can fix about 30-40 



kg N/ha per crop of Azolla that takes about 25-30 days. The limitation in use of Azolla as 

biofertilizer is scarcity of water and high temperature in north India. Higher temperature than 40 

oC is harmful for the fern. Maintenance of Azolla cultures in pond during winter is also a big 

problem. 

  While using N2 fixing biofertilizers, the recommended dose of phosphatic and other 

fertilizers should be applied. Nitrogen should be added in split doses and should not exceed 40 

kg N/ha at a time. Excess nitrogen at a point of time reduces the efficiency of nitrogen fixing 

biofertilizers. 

Phosphate Mobilizers 

Phosphorus differs fundamentally from nitrogen in that no natural channel exits for return 

of large amount of losses occurring annually. Hence the supply is inevitable shrinking and 

deposits are limited. Farmers are constrained in using phosphorus owing to the high cost of 

phosphatic fertilizers. In such situations the release of insoluble phosphorus in soil and fixed 

phosphorus in clay minerals by microorganisms assumes great significance. There are some 

microorganisms that increase the availability of phosphorus to the plants. These are of two types: 

Phosphate solublizers: Several bacteria, particularly those belonging to genera Pseudomonas 

and Bacillus and fungi belonging to Penicillium and Asprergillus genera have the ability to 

solublize the insoluble inorganic phosphorus in soil to make it available for plants. The 

mechanisms of solublization appear to be either acid production or chelation of metal and release 

of phosphorus. The inoculants of these microorganisms are called PSB (phosphate solubilizing 

bacteria) or PSM (phosphate solubilizing microorganisms). Many a times these phosphate 

solublizers are also producers of plant growth harmones like Indole acetic acid, Gibberellic acid 

etc. These cultures can be used in all crops. Normally these bacteria can solubilize about 15-20 

kg P/ha/season. Their inoculation was found to increase the yield of crops by 10-20 per cent. 

Soils having high amount of plant available P show poor response to PSB inoculation. 

Phosphate absorbers: Some fungi forms symbiotic association with plants and helps in 

assimilation of phosphorus and other nutrients like Zinc, Iron, Manganese. Such fungus-root 

association is called Mycorrhiza. Mainly there are two type of Mycorrhizae:  

(i) Ectomycorrhiza: Generally found in trees and is important for forest trees.  

(ii) Endomycorrhza: They are found in majority of crop plants and play role in supply of 

phosphorus and other nutrients. Among these Vesicular Arbuscular Mycorrhiza (VAM) are 

common in field crops. However, commercial inoculants of these fungi are not available, as they 

do not grow on synthetic medium in laboratory conditions. In limited amount, the spores and 

mycellim grown on plants under controlled conditions are available as inoculum for field use at 

small scale. They are particularly useful in transplanted crops where VAM inoculum may be 

applied during nursery raising. 



 Recently a concept of integrated use of all these biofertilizers is emerging. The 

microorganisms  of these useful biofertilizers are amenable to each other. Combined use of 

Nitrogen fixing microorganisms like Rhizobium and PSB or Rhizobium and Azotobacter or 

Rhizobium + Azospirillum are found more beneficial than Rhizobium alone in legumes. 

Similarly, dual inoculation of  Azotobacter or Azospirillum withPSB gave more benefit than 

Azotobacter or Azospirillum alone inoculation in cereals.  

Merits of biofertilizers: 

1. Biofertilizers are natural products and leave no harmful effect on soil and environment. 

2. These are cheap, non-bulky and required in smaller dose. 

3. Besides their direct effect on current crops, applications of biofertilizers also leave residual 

effect by way of increasing population of beneficial microorganisms in soil. The residual 

effect of legumes on succeeding crops believed to range between 20–60 kg N/ha. 

4. Secrete plant growth harmones favouring germination and root growth. This result into 

absorption of more nutrients from soil leading to increased nutrient use efficiency. 

5. Some biofertilizer eg. Azotobacter synthesizes anti-fungal compounds and checks the 

occurrence of plant diseases. 

 



THE RHIZOSPHERE 

The microbial population is altered both quantitatively and qualitatively by the presence 

of plant roots. The  microorganisms  that  respond  to  the  presence  of  root  is  distinctly  

different  from  other  soil community,  the  plant  creates  a  habitat  for  organisms.  In  turn  the  

plant  is  highly  affected  by  the populations it stimulated since the root zone is the site from 

which inorganic nutrients are obtained and through  which  pathogens  must  penetrate.  

Consequently, interaction  between  the  macro  and microorganism in this region has 

considerable effect on crop production and soil fertility. Rhizosphere: The rhizosphere is not a 

well define or uniform part of the soil, instead it represents a poorly  defined  zone  with  a  

microbiological  gradient in  which  the  maximal  effect  of  root  and microorganism is in the 

soil nearest to the root. Outer-rhizosphere and inner-rhizosphere had been used to define zones of 

influence. The inner-rhizosphere is the root surface and its adhering soil and can  be referred to 

as rhizosplane. While the outer rhizosphere beyond this zone but still under the influence of the 

plant root is referred to as rhizosphere. The rhizosphere is a region of highly favourable habitat 

for the  proliferation  and  metabolism  of  numerous  microbial  types.  A  vast  microbial  

community occurs near and on the surface of roots and root hairs. Bacteria are found to be 

localized in colonies and chains of individual cell, Fungi and actinomycetes are observed but not 

as frequently as bacteria. The rhizosphere  effect is  measured  quantitatively  by  the  R/S  ratio.  

This  is  defined  as  the  ratio  of microbial numbers per unit weight of rhizosphere soil R, to the 

number in a unit weight of adjacent non-rhizosphere  soil.  The  rhizosphere  effect  is  usually  

greater  for  bacteria  than  other  soil microorganisms.  

Rhizoplane  

Because  of  the  unique environment  created  in  the  rhizosphere for  microorganisms,  

various  microbial processes  occur  in  the  zone.  These processes  may  be beneficial  or  non-

beneficial.  Some microorganisms  form  different  associations  with  the plant  roots  while  

others  are  free  living,  taking advantage  of  the  unique  environment  of  the  rhizosphere  to  

provide  certain  benefits  for  plants.  

Beneficial relationships between soil microorganisms and rhizosphere occur in the 

process of nitrogen fixation  in  soils.  Nitrogen  fixation  is  a  biochemical  reduction  of  

atmospheric  nitrogen  (N2)  to ammonia. Nitrogen fixation in rhizosphere occurs through 



symbiotic association of some bacteria and plant  roots  or  a  non-symbiotic  association  of  

some  free  living  bacteria  (associative  N  fixation).  

Mycorrhizal  association  is  another  beneficial  relationship  between  soil  microorganisms  and  

plant roots, helping plants in acquisition of some nutrients especially phosphorus. 

Influence  of  Plant  on  Microorganism: The  microbial  population  is  affected  in  many  

ways  by  the growing plant, and microbial reactions important to fertility are more rapid in the 

root environment.  

1.  The most important contribution to the rhizosphere microorganisms is provision of excretion 

products and sloughed-off tissue to serve as a source of energy, carbon, nitrogen, and growth 

factors.  

2.  Plants  assimilate  inorganic  nutrient  within  the  rhizosphere  and  therefore  lower  the 

concentration available for microbial development  

3.  Microorganisms  are  affected  by  root  respiration  which  alters  the  pH  or  the  availability  

of certain inorganic nutrients by the evolution of carbon dioxide.  

4.  Root penetration improves soil structure and bringsabout aeration for microbial development.  

 

Figure 1.  Diagram of a root showing the rhizosphere 

 

 

 



 

5.  In the presence of nitrates denitrification may result in the root region thus increasing release 

of nitrous oxide and nitrogen gas.  

6.  The presence of certain plants, reduce the population of nitrifying microorganisms.  

7.  The cellulolytic organisms increase in number in response to availability of large quantity of 

cellulosic  tissues  in  the  sloughed-off  plant  materials  and  the  product  of  their  metabolism 

provide carbonaceous substrates for other organisms.  

8.  Some root excretions aid the germination of the resting structures of several fungi by 

providing them  with  sources  of  energy.  This  stimulus  to  germination  is  particularly  

important  to  plant pathogens that are not vigorous competitors and remain in the resting stage 

because of nutrient shortage or fungistasis.  

9.  Roots may liberate antimicrobial agents, in some instances these are antifungal substances. 

The production of high quantity of carbon dioxide may inhibit germination or affect fungi in 

other ways.  

Influence of Microorganisms: 

The microorganisms in the rhizosphere may have either favourable or detrimental influence on 

plant development. Since the microflora is so intimately related to the root system any beneficial 

or toxic substances produced can cause an immediate and profound response.  

1.  Microorganisms may favour the growth of higher plant by affecting the availability of various 

nutrient elements essential for plant growth, most especially carbon, nitrogen and phosphorus.  

2.  The production of CO2 in the rhizosphere and the formation of organic or inorganic acids aid 

in the solubilization of inorganic plant nutrients. This is particularly so with insoluble phosphate 

containing compounds.  

3.  At the same time, the vast population of microorganisms demands some anions and cations 

for their own development leading to immobilization of N and P.  

4.  Aerobic bacteria remove O2 from the environment and add CO2 and either of these processes 

may reduce root elongation and development or diminish the rate of nutrient and water uptake.  

5.  Microorganisms  may  favour  plant  growth  through  the  production  of  specific  growth 

stimulating or growth regulating substances such as auxins and phytohormones eg indole acetic 

acid, gibberelins and cytokinnins.  

6.  Some  microorganisms  are  parasitic  to  plants  or  produce  certain  toxic  substances  which  

are injurious to plants.  

7.  Antibiotics  may  be  produced  in  the  rhizosphere  and  this  may  affect  the  growth  of  

root pathogens and even the development of diseases in the above tissues if translocated to stem 

and intravascular system. Antibiotics are also known to affect the physiology of plant.  

8.  Some groups of microorganisms form symbiotic relationship with higher plant, eg certain 

fungi form mycorrhizal association with higher plants and  the numbers of free living nitrogen 

fixing organisms are quite high on the root surface.  



Phyllosphere (Online lecture No 12) 

Phyllosphere term refers to the above-ground surfaces of a plant as a habitat for 

microorganisms, with a heavy emphasis on leaf surfaces. All plants are home to a wide variety of 

microorganism communities including bacteria, fungi, and yeasts. Some microorganisms benefit 

the plant, others are plant pathogens and can potentially damage or kill the host plant. The 

majority of bacterial colonists on any given plant have no noticeable effect on plant growth or 

function.  

Estimates suggest that the roughly 1 billion square kilometers of worldwide leaf surfaces 

host more than 10^26 bacteria, which are the most abundant colonizers of this habitat. Overall, 

microbiota in this ecosystem is large enough to have an impact on both global carbon and 

nitrogen cycles. Furthermore the phyllosphere microorganisms influence their hosts at the level 

of the individual plants.  

With repeated and rapid constant change of environmental conditions occurring on leaf 

surfaces, the phyllosphere is recognized as a hostile environment to bacteria. Leaf surfaces are 

often dry and temperatures can reach 40–55°C under intense sunlight. During the night, however, 

leaves are frequently wet with dew and at cool temperatures (5–10°C).  

Physical environment  

The leaf surface is exposed to rapidly changing temperature and relative humidity. Also 

the repeated alternation between presence and absence of moisture due to rain and dew. The leaf 

also provides limited nutrient resources to bacterial colonists. The rapid and severe changes in 

the physical conditions of the phyllosphere creates a hostile microbe environment.  

Several factors may influence the microhabitat experienced by bacteria on leaves. First, 

the leaf itself is surrounded by a very thin laminar layer in which moisture emitted through 

stomata may be sequestered, alleviating the water that stress epiphytes.  

 

Fig 1. Under the microscope, aerial plant leaves resemble eerie landscapes, with deep 

gorges, tall peaks and gaping pits that riddle the waxy surface. Leveau, J. (2009) 

 

http://en.wikipedia.org/wiki/Phyllosphere
http://en.wikipedia.org/wiki/Phyllosphere
http://microbewiki.kenyon.edu/index.php/File:Leaf_surface1.jpg


Second, some cells in a leaf bacterial population, particularly in plant-pathogenic 

populations locally invade the interior of the leaf, avoiding the stresses on the exterior of the leaf 

by residing in sub-stomatal chambers or other interior locations. While some phytopathogens 

have the option of avoiding stresses, most epiphytes must tolerate them in some way. 

Epidermal cells produce hills and valleys that will determine the shape and size of low 

areas on the surface, which will influence the shape and spread of water droplets on the plant. 

The first contact between immigrating bacteria and a leaf normally occurs at the plant cuticle. 

The waxy layer, which has different three-dimensional crystalline structures on different plant 

species and can change as leaves age. These modifications limit passive diffusion of nutrients 

and water vapor from the plant's interior onto the surface and defines the hydrophobicity of the 

leaf. Thick waxy cuticles have thus been thought to interfere with bacterial colonization of plants 

by limiting diffusion of nutrients and inhibiting the wetting of the leaf surface. 

Because the Phyllosphere is a hostile environment for the residing microorganisms 

physical parameters contribute to stressful conditions, such as UV radiation, temperature shifts, 

and the presence of reactive oxygen species. Adaptation to stressful conditions was reflected by 

the detection of various proteins, assigned to diverse bacterial genera and detected in all analyzed 

samples. Among these proteins were superoxide dismutase, catalase, DNA protection proteins, 

chaperones, and proteins involved in the formation of the osmoprotectant trehalose. 

Biological interactions 

There is evidence that bacteria form large and heterogeneous aggregates on plant 

surfaces. Microscopic examinations of colonized leaves show that plant surfaces have many 

epiphytes occurring on them in large mixed-bacterial-species aggregates that also harbor fungi. 

While large numbers of solitary bacterial cells occur on plants, a few large masses of apparently 

mixed bacterial species can be found. 

Such aggregates can constitute between 30 and 80% of the total bacterial population on 

certain plant species. These assemblages, with an extent and structure similar to those of biofilms 

that develop in aquatic habitats, are probably found only on long-lived leaves in moist climates 

such as the tropics or wet temperate regions such as the Pacific Northwest. 

The conglomerates on most other plants, while still sizable, are best known as aggregates. 

The formation of aggregates by bacteria on plants has major implications for the ability of these 

microbes to colonize and survive the harsh environment of the phyllosphere; it may provide them 

with a means to modify their immediate environment in the habitat. The production of 

extracellular polysaccharide (EPS), which is considered to form a major part of the bacterial 

aggregate matrix, may benefit epiphytes in the phyllosphere to see a photo of phyllospheric 

bacteria click the link microbial interactions. 

http://en.wikipedia.org/wiki/Plant_pathology
http://aem.asm.org/cgi/content/full/69/4/1875/F1


Water availability is one of the most highly fluctuating factors on leaf surfaces. The 

heavy EPS slime within aggregates can shield the bacteria from desiccation stress by buffering 

the matric and osmotic potentials of their surroundings. Furthermore, EPS helps to protect plant-

associated bacteria from reactive oxygen species, which are often encountered on plants. It has 

been demonstrated that aggregated bacteria resist oxidative stress better than planktonic bacteria. 

Microbial processes 

Certain bacteria in the Phyllosphere can increase the saturation of leaves via production 

of compounds with surfactant properties. This ability occurred in 50% of the Pseudomonas 

strains tested. Because of the hydrophobic nature of the cuticle, it is likely that increased 

saturation of these habitats allows diffusion of substrates, making them more readily available to 

epiphytic bacteria. Biosurfactants facilitate the moving of bacteria on the phylloplane, this 

phenomena was suggested for tolaasin, a toxin produced by Pseudomonas tolaasi. The water 

film created by the surfactant could spread the bacteria across the leaf surface to areas where 

nutrients are more abundant. The production of biosurfactants may be one trait which bacteria 

can alter their habitat to exploit it more efficiently 

Communities in the phyllosphere are thought to be limited by carbon availability, and it may be 

expected that access to carbon compounds on leaves is a major determinant of epiphytic 

colonization. There is evidence that small amounts of nutrients, such as simple sugars (glucose, 

fructose, and sucrose) leach from the interior of the plant.  

Key Microorganisms 

There are several microorganisms that have great effects on the phyllosphere. The Two 

main categories that will be focused on will be pathogens and Nitrogen fixers. Pathogens are 

biological agents that cause harm to their hosts usually through disease and infection. There is a 

constant battle between pathogens and good bacteria to maintain control of the host. In humans 

pathogens are fought through the immune system. Pathogens can vary from irritating to deadly.  

Nitrogen fixation is one of the most important biological interactions on the face of the 

earth. The Nitrogen cycle is a complex system which microorganisms perform such tasks as 

fixation, mineralization and nitrification. About 80% of earth's atmosphere is nitrogen but it is 

unavailable for biological use, making nitrogen fixing bacteria extremely important for 

sustaining life.  

Pathogens 

Two independent studies have shown that Salmonella enterica and Escherichia coli have 

the ability to colonize corn, bean, and cilantro plants under humid conditions, albeit to lower 

population levels than those of common bacterial epiphytes. Unlike P. syringae, they failed to 

http://en.wikipedia.org/wiki/Salmonella_enterica
http://en.wikipedia.org/wiki/Escherichia_coli


grow on leaves under dry conditions. However, S. enterica survived dry conditions on cilantro 

leaves and recovered to gain major population sizes under wet conditions. The fitness of some 

human enteric pathogens in the phyllosphere, as well as the distribution on plants of 

Enterococcus spp. and of common opportunistic pathogens such as Pseudomonas aeruginosa 

and Burkholderia cepacia, encourage technological innovation in the field of crop harvesting and 

food safety with regards to virus's.  

The study of bacterial colonizers of leaves has been restricted mostly to aerobic bacteria 

and has also been driven by the importance of investigating the ecology of plant-pathogenic 

bacteria because of their negative effect on plant productivity. The microbial ecology of the 

phyllosphere has been viewed mainly through the biology of gram-negative bacteria such as 

Pseudomonas syringae and Erwinia (Pantoea) spp. In recent years, the association of multiple 

outbreaks of food-borne illness with fresh fruits and vegetables has raised concern about the 

possible preharvest contamination of plants with human pathogens. Surveys of the occurrence of 

enteric pathogens on produce showed that Salmonella spp. and Shigella spp. were detected in up 

to 4% of the samples.  

Helpful Epiphytes 

Microbes that live in the Phyllosphere are called Epiphytes. Phyllosphere bacteria can 

promote plant growth and both suppress and stimulate the colonization and infection of tissues 

by plant pathogens. Fungal endophytes of leaves may deter herbivores, protect against pathogens 

and increase drought tolerance. Interactions in the phyllosphere zone determine the extent to 

which human pathogens are able to colonise and survive on plant tissues, an area of great 

importance with the rise in cases of human disease associated with consumption of fresh salad, 

fruit and vegetable produce.  

Nitrogen Fixers 

N2 fixation is thought to occur mostly on the leaf surfaces (not in the leaf interior) and 

cyanobacteria associated with epiphytes are likely to represent the key N2-fixing bacteria in this 

environment. Also bacteria such as diazotrophic γ-proteobacteria could be connected in N2 

fixation processes. In tropical regions, N2-fixing cyanobacteria belonging to the genera 

Scytonema, Oscillatoria, Microcoleus and Stigonema have been reported to colonize the 

phyllosphere of forest plants. 

Examples of organisms within the group 

There are many organisms which live in the Phyllosphere, they vary from microscopic to 

several inches in length. The most Common organism in the Phyllosphere is bacteria, mostly 

bacilli and are not detrimental to the plant, although there are around 100 species that are 

classified as pathogens and are harmful to the plant or primary consumers 

http://en.wikipedia.org/wiki/Epiphyte


Fungi, pathogens, cyanobacteria, Oomycetes, phytoplasma, nematodes, protozoa and 

even small parasitic plants have been found in the Phyllosphere. Also algae, bryophytes (mosses, 

liverworts) and lichens have been found to live in the phyllosphere. Because the phyllosphere is 

such a varying ecosystem many microorganisms have grown unique niches to their particular 

habitat, even to their particular plant. With different areas having different amounts of sun, wind, 

moisture, macro/micro nutrients, leaf surface area and microbial populations it is reasonable to 

assume that no two phyllospheres are completely the same 

 



Online lecture 7 

Biogeochemical cycles 

 
In ecology and Earth science, a biogeochemical cycle or substance turnover or cycling 

of substances is a pathway by which a chemical substance moves through biotic (biosphere) and 

abiotic (lithosphere, atmosphere, and hydrosphere) compartments of Earth. There are 

 biogeochemical cycles for the chemical elements  calcium,  carbon,  hydrogen,  mercury, 

 nitrogen, oxygen, phosphorus, selenium, and sulfur; molecular cycles for water and silica; 

macroscopic cycles such as the rock cycle; as well as human-induced cycles for synthetic 

compounds such as polychlorinated biphenyl (PCB). In some cycles there are reservoirs where a 

substance remains for a long period of time. 

Cycling of matter that involves from 

biological 

Geological 

Chemical processes 

 

Matter on the earth continuously move through the Earth’s systems –ecosystems, organisms, 

water, soil and air. The cycle may take a few days or millions of years. 

 

MICROBIAL TRANSFORMATIONS OF CARBON 

The term soil generally refers to the loose material of the earth surface and is the region 

that supports the plant life. It consists of five major components such as mineral matter, water, 

air, organic matter and living organisms. The proportion of these components varies with soil 

type and  other  soil  conditions.  To  maintain  the  level  of  these  components  it  is  essential  

that  they undergo  a  regular  process  of  recycling.   This process  of  recycling  through  

various transformations is brought about by different microorganism. 

The  most  important  element  in  the  biological realm  and  substance  that  serve  as  

the cornerstone of the cell structure is carbon. It constituents about 40-50% of all living 

organisms,  yet  the  ultimate  source  is  the CO2 that exist in a perennially short supply, only 

0.03% of the earth’s atmosphere, which undergo a cyclic change from an oxidized to reduced 

state. 

https://en.wikipedia.org/wiki/Ecology
https://en.wikipedia.org/wiki/Earth_science
https://en.wikipedia.org/wiki/Chemical_substance
https://en.wikipedia.org/wiki/Biosphere
https://en.wikipedia.org/wiki/Lithosphere
https://en.wikipedia.org/wiki/Atmosphere
https://en.wikipedia.org/wiki/Hydrosphere
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Biogeochemistry
https://en.wikipedia.org/wiki/Calcium_cycle
https://en.wikipedia.org/wiki/Carbon_cycle
https://en.wikipedia.org/wiki/Hydrogen_cycle
https://en.wikipedia.org/wiki/Mercury_cycle
https://en.wikipedia.org/wiki/Nitrogen_cycle
https://en.wikipedia.org/wiki/Oxygen_cycle
https://en.wikipedia.org/wiki/Phosphorus_cycle
https://en.wikipedia.org/wiki/Selenium_cycle
https://en.wikipedia.org/wiki/Sulfur_cycle
https://en.wikipedia.org/wiki/Water_cycle
https://en.wikipedia.org/wiki/Silica_cycle
https://en.wikipedia.org/wiki/Rock_cycle
https://en.wikipedia.org/wiki/Polychlorinated_biphenyl


 

Carbon  (CO2)  is  constantly  (reduced  into  organic  carbon  compounds)  being  fixed  

into organic form by photosynthetic organisms (photosynthesis). Once bound, the carbon 

becomes unavailable  for  use  in  generation  of  new  plant  life.   It  is  thus  essential  for  the  

carbon aceous materials to be decomposed and returned to the atmosphere. It is estimated that 

1.3x10 14 kg CO2 is fixed annually in the biosphere. To the lesser extent CO2 is also fixed 

through  the agency of photosynthetic bacteria and other chemolithotrophs with the conversion 

of so much of the  plant  available  carbon  to  organic  form  each  year  and  the  limited  supply  

in  the  air,  it  is apparent  that  the  major  plant  nutrient  element  would  become  exhausted  in  

the  absence  of microbial transformation. 

The carbon cycle revolves about CO2 and its fixation and regeneration. The green plants 

utilize CO2 as their sole carbon source, and the carbonaceous matter synthesized serves to supply  

carbon  to  other heterotrophic  organisms  and  animals.   Upon  the  death  of  plants  and 

animals, microbes assume a dominant role in carbon cycle. The dead tissues are degraded and 

transformed into microbial cells and humus or soil organic fraction. Further decomposition of 

these materials leads to the production of CO2 and once again it is recycled. 

Processes of the Carbon Cycle:  

Photosynthesis: During photosynthesis, plants and other autotrophs use CO2 along with water 

and solar energy, to build organic molecules (carbohydrates), thus storing the carbon for 

themselves and other organisms. 

http://www.windows.ucar.edu/tour/link=/earth/Water/co2_cycle.html&edu=high


Cellular Respiration: Both autotrophs and heterotrophs use oxygen to break down 

carbohydrates during cellular respiration. Consumers obtain energy-rich molecules that 

contain carbon by eating plants and animals. 

Volcanic Eruptions and geothermal vents: carbon from deep within the earth's interior is 

brought back to the surface during eruptions of steam, gasses and lava. 

Decomposition: Carbon is returned to the environment through decomposers and cellular 

respiration (breathing releases CO2 back to the atmosphere). 

Combustion: When wood or fossil fuels are burned, the chemical reaction releases carbon 

dioxide back into the atmosphere 

Deposition: Coal, petroleum, and calcium carbonate rock are deposited in sediment and 

underground. Calcium carbonate deposits are eroded by water to form carbon dioxide. 

Large amounts of carbon are tied up in wood, only returning to the atmosphere when 

wood is burned.  

The difference between short-term and long-term cycles  

Short-term carbon cycles involve carbon that moves through living organisms. It operates 

on a time scale of days to thousands of years. Plants use solar energy to drive the process of 

photosynthesis where they combine carbon dioxide from the atmosphere with water to produce 

sugars and oxygen. Plants and animals “burn” these sugars to get energy to grow. The process of 

burning the sugars releases some carbon back to the atmosphere as carbon dioxide (this is called 

respiration). As the organisms grow, they store carbon in their tissues. When they die, they 

release their carbon to the soil, to the ocean floor, or the atmosphere. The long-term carbon cycle 

involves carbon stored in rocks and fossils. It operates on a timescale of millions of years. 

Rainwater reacts with minerals in rocks and soils on the earth’s surface, slowly weathering them. 

The weathered substances travel through streams and rivers to the ocean where they are 

deposited on the ocean floor and eventually form rock. As the ocean floor spreads and is pushed 

under the continents, the rock that was the ocean floor gets pushed deeper and deeper. As it gets 

deeper into the earth, it heats up, melts, and can rise back to the surface, releasing CO2 . The 

long-term carbon cycle also includes fossil fuels. The carbon in fossil fuels comes from plants 

and animals that were living long ago. When they died and were buried, their bodies eventually 

turned into coal and petroleum. 

MICROBIAL TRANSFORMATION OF PHOSPHORUS  

Phosphorus is  only  second  to  N2 as an inorganic nutrient required by both plants and 

microorganisms. It is a macronutrient and is required by all living organisms for transfer of energy in 

energy rich bonds in some organic compounds and ATP is one example. It is a part of nucleic acids and 

many other compounds. Phosphate constitutes nearly 0.1% of the earth’s crust. They occur in soil 

in inorganic and organic forms. The  inorganic  forms  are  derived  from  parent  rocks  or  



through  fertilizers application and manuring with bone meal. They are soluble in water when 

present as phosphates of Na, K, Ca, Mg etc. 

The  organic  phosphorus  containing  compounds  are  derived  from  plants  and micro  

organisms  and  are  composed  of  nucleic  acids,  phospholipids,  lecittin,  phytin and related 

compounds. 

• Phosphorus in phytin, phospholipids and nucleic acids is found as phosphates 

• Phytin is the calcium –magnesium salt of phytic acid 

• Phospholipids  are  compounds  in  which  phosphate  is  combined  with  a  lipid, 

contained 10% of cell phosphorus.  

• Inorganic polyphosphates are quite abundant in certain fungi 

• In  soil,  from15-85%  of  the  total  P  is  organic.  Soils  rich  in  organic  matter contain 

abundant organic P. 

• Ratios of organic C to P of 100 to 300:1 N: organic P = 5 to 20: 1  

In cultivated soil P present in abundant about 1100 kg/ha but most of them as not available to 

plants; only about1% of the total P is in available form. 

PO4 
3-in rocks and in cells 

 

Acid from Thiobacillus: 

 

 

Microorganisms bring about a number of transformations of the element.  

1. Altering the solubility of inorganic compounds of P 

2. Mineralization of organic compounds with the release of inorganic phosphate 

3. Converting  the  inorganic,  available  anion  into  cell  components,  an immobilization 

process (analogous to that occurring with N) 

4. Bringing about an oxidation or reduction of inorganic P compounds 

Particularly,  important  to  P  cycle  are  the  microbial  mineralization  and immobilization 

reactions.  

(1) Solubilization of inorganic phosphorus 

  Insoluble  inorganic  compounds  of  P  are  largely  unavailable  to  plants,  but many 

micro organisms can bring the PO4 into solution. P solubilizing are 105 to 107 / g soil. 



Eg: Pseudomonas striata, Microoccus Bacillus sp., Fusarium, pergillus sp, Solubilises calcium 

salts, iron, aluminum, magnesium manganese phosphate.  

• P  is  solubilized  by  the  production  of  organic  acids.  The  acids  convert  Ca3(PO4)2 to 

di and monobasic phosphates and releases P to plants.  

• Solubilization of phosphates by plant roots & micro organism is dependent on soil  pH.  

In  neutrals  and  alkaline  soils  having  a  content  of  calcium, precipitation  of  CaPO4 

takes place. Micro organism and plant root readily dissolve such PO4and make them 

available to plants. 

• On  contrary,  acid  soils  are  generally  poor  in  Ca  ions  and  phosphates  and 

precipitated  in  the  form  of  ferric  or  aluminum  compounds  which  are  not soluble.   

There,  it  is  solubilized  by  the  addition  of  PO4 solublizing micro organism.  

• Phosphorus  exists  mainly  as  apatides,  with  the  basic  formula  M10(PO4)6X2. 

Commonly the mineral (M) is Ca, less often Al or Fe. The anion (X) is either For  Cl- or  

OH- or CO2
3-.   Diverse combinations  of  M  and  X  results  in  200 forms of P. 

(2) Mineralization of organic phosphorus 

Organic  form  of  P  is  the  larger  reservoir  of  P  in  soil.   By  the  action  of bacteria, 

fungi and actinomycetes, bound element in remains of the vegetation and  in soil organic matter 

is made available to succeeding generations of plants. Among the organic phosphours 

compounds, lecithin, nucleic acids and phytin occupy a prominent place. Lecithin contains 9.39 

% P2O5, 1.6% N and 65.36% C. It  is  a process  of  convention  of  organic  forms  of  

phosphorus  into  inorganic available forms of P a highly significant correlation is observed 

between the rates of N and P convention to inorganic forms. 

- Mineralization is favoured by warm temperature, with the thermophilic range being more 

favourable than mesophilic range. 

- Neutral pH increases PO4release, which favours microbial metabolism 

- Quantity  of  substrate  ie  presence  of  organic  P.  If  more  P,  more  of mineralization 

- Mineralization  is  mediated  by  the  enzymes  called  phosphatases.   These enzymes  

cleave phosphorus  from  more  frequently  encountered  organic  substrates.  

- Phytases  liberates  PO4from phytic acid or its Ca-Mg,  Salt,  Phytin.   They remove PO4
s -

, one at a time, yield penta –tetra, di-and mono PO4 and then finally free inositol. 

- Bacillus, Pseudomonas, Aspergillus, Penicillium, Rhizopus can synthesize this enzyme. 

Mycorrhizal (fungi) are also able to mineralize the organic forms of P and increases P 

uptake by the plants.  

(3) Immobilization  

Process  of  assimilation  of  P  into  microbial  nucleic  acids,  phospholipids  or other  

protoplasmic  substances  is  called  immobilization.   It leads to  the accumulation of non 

utilizable forms of the element. 



P  accounts  for  0.5-1.0%  of  fungus  mycelium  and  1.0  to  3.0%  of  the  dry weight of 

the bacteria and actinomycetes.  

(4) Oxidation reduction reactions 

Biological oxidation of reduced phosphorus compounds into oxidized state. Phosphite  

(HPO3
=)  is  oxidized  to  phosphate.   A  number  of  hetertrophic  (bacteria),  (fungi)  &  

(actinomycetes)  utilize  phosphite  as  sole  P  source. Hypophosphites (HPO2
=) can also be 

oxidized to phosphate by heterotrophs.  

HPO3
=→HPO4

=HPO2
=→HPO4

= 

Reductive  process,  reductive  pathway  has  also  been  functioned.  PO4 is reduced to phosphite 

and hypophosphite. 

H3PO4 →H3PO3 →H3PO2 

Clostridium  butyricum,  E.  coliform phosphite and hypophosphite from orthophosphate.   

It  is biochemically  analogue  to  the  process  of  denitrification. Only little information is 

available about this process.  

P exist in an organic form in the protoplasm on the death of living organism, this  (P)  is  

changed  to  inorganic  phosphoric  acid.   This  is  soon  converted  into insoluble  salts  of  Ca,  

Fe,  Mg  and  Al.   Phosphorus  thus  alternates  between  organic and  inorganic,  and  soluble  

and  insoluble  forms.   In  soluble  P  is  solubilized  by various acids produced by micro 

organism. Microbial  activities  involved  in  the  cycling  of  C,  N  and  P  are  absolutely 

essential for maintenance of soil fertility. 

 

Questions related to the topic are:  

(To be submitted when university reopens after lockdown) 

Q1 Why there is a need of long term cycle of C? Give differences between short term and 

long term carbon cycle. 

Q2 Enlist the processes of carbon in the nature. What is the significance of C:N ration in the 

soil from crop production point of view? 

Q3 Why P is consider as energy currency element in the nature?  

Q4 What is eutrophication, explain? 

Q5 Enlist the name of microorganisms involved in the solubilization of inorganic P and 

mineralization of organic P. 
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MICROBIAL TRANSFORMATIONS OF NITROGEN 

Biological  availability  of  N,  P  and  K  is  of  considerable  economic  importance,  

since  they  are  the  major  plant  nutrients  derived  from  the  soil.  Of the  three,  N  stands  out  

as  the  most  susceptible  one  to  microbial transformations. This element is the key building 

block of the protein molecule upon  which  all  life  is  based  on,  it  is  an  indispensable  

component  of  the protoplasm of plants, animals and micro organism. 

Molecular N2 constitutes about 78% of the earth’s atmosphere but it is chemically  inert  

and  cannot  be  utilized  by  more  living  organism,  plant  animals and  micro  organism  

therefore  depend  on  a  source  of  combined  N  such  as ammonia, nitrate or organic N 

compounds for their growth. 

Nitrogen undergoes a number of transformations that involve organic, inorganic and volatile 

forms of nitrogen. A small part of the large reservoir of N2 in  the  atmosphere  is  converted  to  

organic  compounds  by  certain  free living micro  organism  or  by  plant  microbe  association  

that  makes  the  element available to plant growth. The nitrogen present in the proteins or 

nucleic acids of plant tissue is used by animals. In the animal body, the N is converted to other 

simple  and  complex  compounds.   Upon  the  death,  plants  and  animals  undergo microbial  

decay  and  organic  N  is  released  as  ammonium,  which  is  then  utilized by vegetation or is 

oxidized to nitrate by microorganisms. The nitrate from of N is mostly used by the plants or may 

be lost by bacteria reduced to gaseous N2, which escapes to atmosphere, there by completing the 

cycle. The Nitrogen cycle mainly includes transformations such as : 

1.  Nitrogen  mineralization  :  In  which  N  containing  organic  complexes  are decomposed 

and converted into inorganic compounds for use by plants 

2.  N  immobilization  :  In  which  N  containing  inorganic  compounds  are assimilated N2 is 

acted on by certain micro organism sometimes in symbiosis with a higher plant, which can use it 

is as a N source for growth. The process of nitrogen fixation,  results  in  the  accumulation  of  

new  organic  compounds  in  the  cells  of responsible  micro  organisms.   The  N2 thus fixed 

reenters general circulation when the newly formed cells are inturn mineralized.  

By  means  of  these  reactions  the  subterranean  microflora  regulates  the supply and governs 

the availability and chemical nature of N in soil. 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

I. NITROGEN MINERALIZATION 

The conversion of organic N to the more mobile, inorganic state is known as nitrogen 

mineralization. As a consequence of mineralization, ammonium and nitrate are  generated  and  

organic  N  disappears.   This  takes  place  in  two  distinct microbiological steps.  

1.  Ammonification 

It  is  the  process  of  mineralization  in  which  proteins,  nucleic  acids  and  other organic 

components are degraded by micro organism with the eventual liberation of ammonia.  This  is  

called  ammonification.  A  part  of  the  liberated  ammonia  is assimilated  by  the  micro  

organism  themselves.   The  first  step  in  ammonifcation process  is  the  hydrolysis  of  

proteins,  nucleic  acids  and  other  organic  nitrogenous compounds  into  amino  acids  

(proteolysis).  The  amino  compounds  are  then deaminated  to  yield  ammonia.   

Ammonification  usually  occurs  under  aerobic conditions  while  under  anerobic  conditions  

protein  decomposition  leads  to conversion  of  ammonia  into  amines  and  related  compounds  

(eg)  clostridium.  The anaerobic  decomposition  of  protein  called  as  putrefaction.    

These amines  are subsequently oxidized in the presence of O2to release ammonia. Break  down  

of  nitrogenous  substance  is  brought  about  by  the  activity  of  a multitude of microbial 

species. 

Almost all bacteria, actinomycetes and fungi can bring about proteolysis and the amino acids 

produced are utilized for the growth of these organisms. 

2. Nitrification 

The  biological  oxidation  of  ammonium  salts  (in  soil)  to  nitrites  and  the subsequent  

oxidation  of  nitrites  to  nitrates  is  called  as  nitrification.  i.e.  the biological  convention  of  

N  in  soil  from  a  reduced  to  a  more  oxidized  state,  called nitrification.  



Nitrification occurs in two steps; First ammonia is oxidized to nitrite. 

2 NH3+ 1½ H2O2 →NO2
-+ 2H+H2O-Nitrosofication 

This  change  is  brought  about  by  chemoautotrophic  bacteria  of  the  genera Nitrosomonas, 

Nitrosolobus, Nitrosococus, Nitrosospira. These bacteria obtain their energy  requirement  by  

the  oxidation  of  NH4
+ to NO2

-.   Among  the  nitrifiers Nitrosomonas are most important in 

soils. Some heteotrophs involved Streptomyces, Nocardia Second step Nitrite is further oxidized 

to nitrate  

HNO2 + ½O2 →HNO3.  

Organisms: Nitrobacter, Aspergillus, Penicillium, Cephalosporium. 

Factors influencing the growth of nitrifying bacteria in soil 

 Levels  of ammonia  and  nitrite,  aeration,  moisture,  temperature,  pH  and  organic  

matter.  In  acid  soils –nitrification is poor. Waterlogged soils  deficient in O2 –not congenial for 

nitrification.  

3. Denitrification 

The  convention  of  nitrate  and  nitrite  into  molecular  N2 or nitrous oxide through  

microbial  processes  is  known  as  denitrification.   Certain  bacteria  are capable  of  using  

nitrate  as  the  terminal  electron  acceptor  under  anaerobic conditions.   This  is  called nitrate  

respiration.  As  a  consequence  of  nitrate respiration,  NO3 is reduced to N2 gas or nitrous 

oxide. Denitrification leads to the loss of N from the soil. It depletes N, and therefore it is not a 

desirable reaction. The  escape  of  molecular  N  into  the  atmosphere  is  also  known  as 

volatilization. Denitrification  occur  mostly  in  waterlogged  anaerobic  soils  with  a  high 

organic  matter  contents.   Denitrification  of  bound  nitrogen  to  gaseous  N  is mediated  by  

numerous  species  of  bacteria,  which  normally  use  O2 as hydrogen acceptor (aerobically) 

and, also use nitrates and nitrites (anerobically). 

Anaerobic  conversion  of  nitrate  into  molecular  nitrogen  is  known  as  nitrate 

respiration. Bacterial  genera  which  bring  about  denitrification  Pseudomonas, 

Achromobacter, Bacillus, Micrococcus 

2NO3
-+10 H →N2

+ 4H2O+ 2OH-  (or) 

2NO2
-+6 H →N2+2H2O +2OH-   (or) 

N2O + 2H →N2+ H2O  

Since nitrates are used as a source of electron acceptor, there is a net loss of N from soil. 

This process is termed also as dissimilatory nitrate reduction. Many soil bacteria like eg 

Thiobacillus denitrificans. 

Oxidize S (chemoautotrophically) and also reduce nitrate to nitrogen 



 

General pathway of denitrification 

Nitrate  is  first reduced  to  nitrite,  which  is  then  transformed  to  nitrous  oxide (NO). The 

nitrous oxide is converted to N2with N2O as an intermediate. 

 

The enzymes involved  

1. Nitrate reductase    2. Nitrite reductase     3. Nitric oxide reductase  4. Nitrous oxide reductase 

- Fallow  soils  flooded  with  water  are  more  congenial  for  denitrification  than well 

drained and continuously cropped soils. 

- Though  it  is  a undesirable reaction in point of view of plant nutrition, but have  

ecological  importance.  Because  without  denitrification  the  supply  of  N on the earth 

world have got depleted and NO3 would have accumulated. 

- High concentration of NO3are toxic, denitrification is a mechanism by which some of the 

N is released back to the atmosphere.  

4. Nitrate reduction 

The reverse of nitrification process. That is the reduction of nitrate to nitrite and  then  

ammonia.  Since  organisms  are  able  to  obtain  cellular  Nth ammonia  assimilation, the 

process is called as assimilatory nitrate reduction.   

 

II. NITROGEN IMMOBILIZATION 

The  process  of  microbial  assimilation  of  inorganic  nitrogen  is  referred  as immobilization.  

In  contrast  to  mineralization,  microbial  immobilization  leads  to  the biosynthesis of the 

complex molecules of microbial protoplasm from ammonium and nitrate.   Immobilization  

results  in  a  marked  depression  of  nitrogen  uptake  by  the plant.  

The  mineralization  of  organic  N  and  the  microbial  assimilation  of  inorganic ions  proceeds  

simultaneously.Both  mineralization  and  immobilization  take  place regardless of the % of N in 

the organic N in organic matter. On the death of micro organism, the immobilized N is however 



released through mineralization. It is also a  loss  of  nitrogen.  NO3 when accumulated in 

microbial protoplasm it is referred as assimilatory NO3 reduction. 

Questions related to the topic are:  

(To be submitted when university reopens after lockdown) 

Q1 Why there is a need of denitrification? What are the differences between N2 fixation 

and P fixation? 

Q2 Give detailed reactions occurs during nitrification. 

Q3 Enlist the name of microbes involved in S cycle. Give importance of Thiobacillus sp. in 

sulphur cycle. 

 

  



II. Sulphur cycle 

Sulphur  like  N,  is  an  essential  element  for  all  living  systems  because  of  it’s inert  

nature,  is  not  utilized  by  plants.  To  be  used  first  S  has  to  to  be  oxidized  or reduced. In 

soil, it occurs both organic (S containing amino acids, vitamins ) as well as inorganic forms 

(Sulphur, sulphates etc., ) .  

Four distinct transformations are recognized  

- Decomposition/Mineralization of larger organic S compounds to smaller units and their 

conversion into inorganic compounds  

- Microbial associated immobilization 

- Oxidation  of  inorganic  ions  and  compounds such as sulphides, thiosulphates, Sulphur 

- Reduction of Sulphates and other sulphides 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Mineralization  

Conversion  of  organic  bound  S  into  inorganic  state,  mediated  through  M.O. The released S 

in either absorbed by plants or escaped into atmosphere in the form of oxides 

Oxidation  

• Occurs both in aerobic and anaerobic condition  

• Bacteria  

• Nonfilamentous forms-Thiobacillus 

• Filamentous forms –Beggiatoa, Thiothrix and Thioloca 

• Fungi and actinomycets  

• Aspergillus, Penecillium and Microsporium 

Importance of Thiobacillus   

 Produces Sulphuric acid, lower down the soil pH –Hence used in controlling plant 

disease 

 Apple and Potato scab –Streptomyces scabis, Sweet potato rot –S. ipomea  

 S + Thiobacillus application is used for the control 

 Remediation of alkali soil 

 Increases the solubilization of other nutrients (P, K, Ca, Mn, Al and Mg ) 

 Preparation of biosuper-Rock phosphate + T. thiooxidans and S---Australia 

 Lipman’s process-Compost preparation 

 Soil + manure + elemental S + rock phosphate  

Sulphate reduction 

Reduces  inorganic  sulphate  into  Hydrogen  sulphide –reduces  the  availability of S for plant 

nutrition 

• Desulphovibrio desulphricans –anaerobe 



Questions related to the topic are:  

(To be submitted when university reopens after lockdown) 

Q1 Enlist the name of microbes involved in S cycle. Give importance of Thiobacillus sp. in 

sulphur cycle. 

 



Microbes in Human Welfare 

Microbes are present everywhere even under extreme conditions, where no other life-form 

could exist. They are diverse and include viruses, bacteria, protozoa, fungi, viroids, prions and 

other microscopic animals. They may be pathogenic but have an important role to play in human 

welfare. Microbes can be easily grown in laboratories or at industrial scale for research and 

production of various useful products. Microbes are useful to human and the environment in 

many ways: 

1. Fermentors – vessels required for growing microbes for the production of beverages and 

antibiotics on an industrial scale. 

2.  Antibiotics- chemical substances, which are produced by some microbes and can kill or 

retard the growth of other (disease-causing) microbes. 

3.  Primary treatment- The treatment step of sewage for physical removal of particles – 

large and small –from the sewage through filtration and sedimentation. 

4.  Secondary treatment or Biological treatment- After primary treatment, the primary 

effluent is passed into large aeration tanks where it is constantly agitated mechanically 

and air is pumped (associated with fungal filaments to form mesh like structures). 

5.  BOD (biochemical oxygen demand) - refers to the amount of the oxygen that would be 

consumed if all the organic matter in one liter of water were oxidized by bacteria. 

6.  Activated sludge- the sediment that is formed by sedimentation of bacterial ‘flocs’ in a 

settling tank from primary effluent after passing the BOD of sewage or waste water is 

reduced significantly. 

7.  Anaerobic sludge digesters- large tanks to which major part of the sludge is pumped into 

for its break down by the action of anaerobic bacteria and the fungi. 

8.  Methanogens- bacteria, which grow anaerobically on cellulosic material, produce large 

amount of methane along with CO2 and H2. 

9.  Biocontrol- refers to the use of biological methods (using biological agents for natural 

predation) for controlling plant diseases and pests , rather than using chemicals . 

10.  Biofertilizers- are the organisms that enrich the nutrient quality of the soil. 

11. Organic farming –Agriculture by using only biofertilizers. 

12.  Mycorrhiza- symbiotic association of fungi with the roots of higher plants. 

13.  Cyanobacteria- autotrophic microbes widely distributed in aquatic and terrestrial 

environments many of which can fix atmospheric nitrogen, e.g. Anabaena, Nostoc, 

Oscillatoria etc. 

In view of above discussion we can say that microbes perform many important works in the 

nature in various field rights from medical science, dairy science, agriculture to industry. Now 

we will discuss the performance of microbes which is useful for agriculture point of view.  

Microbes as Biocontrol Agents 



 Biocontrol refers to the use of biological methods for controlling plant diseases and pests. 

 In agriculture, there is a method of controlling pests that relies on natural predation rather 

than introduced chemicals. 

 A key belief of the organic farmer is that biodiversity furthers health. The more variety a 

landscape has, the more sustainable it is. 

 The organic farmer, therefore, works to create a system where the insects that are 

sometimes called pests are not eradicated, but instead are kept at manageable levels by a 

complex system of checks and balances within a living and vibrant ecosystem. 

 Contrary to the 'conventional' farming practices which often use chemical methods to kill 

both useful and harmful life forms indiscriminately. 

 The organic farmer holds the view that the eradication of the creatures that are often 

described as pests is not only possible, but also undesirable, for without them the 

beneficial predatory and parasitic insects which depend upon them as food or hosts would 

not be able to survive. Thus, the use of biocontrol measures will greatly reduce our 

dependence on toxic chemicals and pesticides. 

 An important part of the biological farming approach is to become familiar with the 

various life forms that inhabit the field, predators as well as pests, and also their life 

cycles, patterns of feeding and the habitats that they prefer. This will help develop 

appropriate means of biocontrol. 

 The very familiar beetle with red and black markings - the Ladybird, and Dragonflies are 

useful to get rid of aphids and mosquitoes, respectively. 

 An example of microbial biocontrol agents that can be introduced in order to control 

butterfly caterpillars is the bacteria Bacillus thuringiensis (often written as Bt). 

 These are available in sachets as dried spores which are mixed with water and sprayed 

onto vulnerable plants such as brassicas and fruit trees, where these are eaten by the 

insect larvae. In the gut of the larvae, the toxin is released and the larvae get killed. The 

bacterial disease will kill the caterpillars, but leave other insects unharmed. 

 Because of the development of methods of genetic engineering in the last decade or so, 

the scientists have introduced B. thuringiensis toxin genes into plants. Such plants are 

resistant to attack by insect pests. Bt-cotton is one such example. 

 A biological control being developed for use in the treatment of plant disease is the 

fungus Trichoderma. Trichoderma species are free-living fungi that are very common in 

the root ecosystems. They are effective biocontrol agents of several plant pathogens. 

 Baculoviruses are pathogens that attack insects and other arthropods. 

Microbes in Production of Biogas 

 Biogas is a mixture of gases (containing predominantly methane) produced by the 

microbial activity and which may be used as fuel. 

 In the examples cited in relation to fermentation of dough, cheese making and production 

of beverages, the main gas produced was CO2.  

However, certain bacteria, which grow anaerobically on cellulosic material, produce 

large amount of methane along with CO2 and H2 



 These bacteria are collectively called methanogens, and one such common bacterium is 

Methanobacterium. These bacteria are commonly found in the anaerobic sludge during 

sewage treatment. These bacteria are also present in the rumen (a part of stomach) of 

cattle. A lot of cellulosic material present in the food of cattle is also present in the 

rumen. In rumen, these bacteria help in the breakdown of cellulose and play an important 

role in the nutrition of cattle. 

 The excreta (dung) of cattle, commonly called gobar, is rich in these bacteria. 

 Dung can be used for generation of biogas, commonly called gobar gas. The biogas plant 

consists of a concrete tank (10−15 feet deep) in which bio-wastes are collected and a 

slurry of dung is fed. A floating cover is placed over the slurry, which keeps on rising as 

the gas is produced in the tank due to the microbial activity. 

 The technology of biogas production was developed in India mainly due to the efforts of 

Indian Agricultural Research Institute (IARI) and Khadi and Village Industries 

Commission (KVIC). 

Microbes as Biofertilizers 

 Biofertilizers are organisms that enrich the nutrient quality of the soil. The main sources 

of biofertilizers are bacteria, fungi and cyanobacteria. 

 The nodules on the roots of leguminous plants formed by the symbiotic association of 

Rhizobium. These bacteria fix atmospheric nitrogen into organic forms, which is used by 

the plant as nutrient. 

 Other bacteria can fix atmospheric nitrogen while free-living in the soil (examples 

Azospirillum and Azotobacter), thus enriching the nitrogen content of the soil. 

 Fungi are also known to form symbiotic associations with plants (mycorrhiza). Many 

members of the genus Glomus form mycorrhiza. The fungal symbiont in these 

associations absorbs phosphorus from soil and passes it to the plant. 

 Plants having such associations show other benefits also, such as resistance to root-bome 

pathogens, tolerance to salinity and drought, and an overall increase in plant growth and 

development. 

 Cyanobacteria are autotrophic microbes widely distributed in aquatic and terrestrial 

environments many of which can fix atmospheric nitrogen, e.g. Anabaena, Nostoc, 

Oscillatoria, etc. 

 In paddy fields, cyanobacteria serve as an important biofertilizer. 

 Blue green algae also add organic matter to the soil and increase its fertility. 



USE OF MYCORRHIZA (VAM) 

IN AGRICULTURE



What are Mycorrhizas? 

☼ Mycorrhizas are highly evolved, mutualistic

associations between soil fungi and plant roots

☼ The partners in this association are members of the

fungus kingdom (Basidiomycetes, Ascomycetes and

Zygomycetes) and most vascular plants.

☼ The term symbiosis is often used to describe these

highly interdependent mutualistic relationships

where the host plant receives mineral nutrients

while the fungus obtains photosynthetically derived

carbon compounds .

☼ Mycorrhizal associations involve 3-way interactions

between host plants, mutualistic fungi and soil

factors.

(Harley & Smith 1983)





Types of Mycorrhizal Associations

1. Vesicular-arbuscular mycorrhizas

(= arbuscular mycorrhizas, VAM or

AM) are associations where

Zygomycete fungi in the Glomales

produce arbuscules, hyphae and

vesicles within roots. Spores are

formed in soil or roots. These

associations are defined by the

presence of arbuscules. Fungi

within roots spread by linear

hyphae or coiled hyphae.



Types of Mycorrhizal Associations

2. Ectomycorrhizas (ECM) are

associations where

Basidiomycetes and other fungi

form short swollen lateral roots

covered by mantle hyphae. These

roots have Hartig net hyphae

around cells in the epidermis or

cortex.



Types of Mycorrhizal Associations

3. Orchid mycorrhizas consist of

coils of hyphae within roots or

stems of plants in the family

Orchidaceae. Young orchid

seedlings and some adult plants

which lack chlorophyll are entirely

dependant on mycorrhizal fungi for

their survival.



Types of Mycorrhizal Associations

4. Ericoid mycorrhizas have hyphal

coils in outer cells of the narrow

"hair roots" of plants in the plant

order Ericales.



Types of Mycorrhizal Associations

5. Ectendo-,arbutoid- and monotropoid

mycorrhizal associations are similar

to ectomycorrhizas.

6. The Australian lily Thysanotus has a

unique mycorrhizal association

where fungus hyphae only grow

under epidermal cells.

http://www.ffp.csiro.au/research/mycorrhiza/ozplants.html


Ectomycorrhizal Associations

Endodermis



Endomycorrhizal Associations

(VAM)



Classification scheme for Glomalean taxa

ORDER

SUBORDER

Family

Genus

GLOMALES

GLOMINEAE GIGASPORINAE

GigasporaceaeGlomaceae Acaulosporaceae

Gigaspora

Scutellospora

Acaulospora

Entrophospora

Glomus

Sclerocystis



Table: GENERALISED RELATIONSHIPS BETWEEN FEATURES OF ROOT 

SYSTEMS AND THE MYCORRHIZAL DEPENDENCY OF PLANTS

Root feature Mycorrhizal dependency of plant

High <----------> Low

A. ROOT SURFACE AREA low high

1. Root system surface area low high

2. Branching orders of lateral roots few many

3. Branching frequency sparse frequent

4. Root hair abundance and length few/short many/long

B. ROOT ACTIVITY slow fast

1. Root growth rate slow fast

2. Response to soil conditions slow fast

3. Primary root lifespan long short

4. Protective structural features strong weak

5. Root exudation ? less ? more

C. MYCORRHIZAL FORMATION efficient inefficient 

or inhibited

(Brundrett et. al. 1991)



Figure:Response curve produced by growing

mycorrhizal and nonmycorrhizal plants of

Cassia pruinosa at a range of soil P levels.

(Jasper et al. 1994)



A. Plant with fine roots and long 

root hairs
MYCORRHIZAS             MYCORRHIZAS

ABSENT                         PRESENT

Substantial mycorrhizal benefits unlikely in this case



B. Plant with coarse root system 

and without root hairs
MYCORRHIZAS             MYCORRHIZAS

ABSENT                         PRESENT

Substantial mycorrhizal benefits are likely with this type of root



Inoculation increases total root biomass





Roles of Mycorrhizal Fungi 

➢ Increased plant nutrient supply by extending the volume of soil
accessible to plants.

➢ Increased plant nutrient supply by acquiring nutrient forms that
would not normally be available to plants.

➢ Some ECM and ericoid fungi have the capacity to breakdown
phenolic compounds in soils which can interfere with nutrient
uptake.

➢ Root colonization by ECM and VAM fungi can provide protection
from parasitic fungi and nematodes.

➢ Non-nutritional benefits to plants due to changes in water relations,
phytohormone levels, carbon assimilation, etc. have been reported,
but are difficult to interpret.

http://www.ffp.csiro.au/research/mycorrhiza/roles.html
http://www.ffp.csiro.au/research/mycorrhiza/roles.html


Roles of Mycorrhizal Fungi 

➢ Suppression of competing non-host plants, by mycorrhizal
fungi has been observed.

➢ Networks of hyphae supported by dominant trees may
help seedlings become established or contribute to the
growth of shaded understorey plants.

➢ Nutrient transfer from dead to living plants can occur.

➢ ECM fungi are economically and nutritionally
important as human food resources.

➢ These mushrooms also have been used as medicines and
natural dyes.

➢ Fungi which have adapted to local soil conditions are
required for agriculture, horticulture and forestry.



Roles of Mycorrhizal Fungi 
➢ Soil hyphae are likely to have an important role in

nutrient cycling by helping to prevent losses from the
system, especially at times when roots are inactive.

➢ Soil hyphae may have an important role in nutrient
cycling by acquiring nutrients from saprophytic fungi.

➢ Mycorrhizal roots and fungus fruit bodies are
important as food sources and habitats for
invertebrates.

➢ Mycorrhizas influence soil microbial populations and
exudates in the mycorrhizosphere and hyphosphere.

➢ Hyphae of VAM fungi are considered to contribute to
soil structure.

➢ Mycorrhizal fungi contribute to carbon storage in soil
by altering the quality and quantity of soil organic
matter.



MYCORRHIZA 

This is the symbiotic association between fungi and root of higher plants, the association is beneficial to 

most organisms. Mycorrhizas are classified into several groups.  

Mycorrhizae  

Mycorrhiza is the mutualistic symbiosis between soil borne fungi and roots of higher plants. The 

word was coined by Frank (1895) to describe the union of two different organisms to form single 

morphological organ in which the plant nourishes the fungus and the fungus the plant. The host plant 

provides  the  fungus  with  soluble  carbon  sources,  and  the  fungus  provides  the  host  plant  with  an 

increased capacity to absorb water and nutrients from the soil.  

Based  on  the  physical  association  of  mycorrhizal  fungi  with  plant  roots,  two  main  types  are 

distinguished;  

1.  Ectomycorrhizae  

2.  Endomycorrhizae  

These  two  were  further  subdivided  into  seven  kinds  by  Smith  and  Read  (1997):  (1)  Arbuscular 

mycorrhizas  (AM),  (2)  ectomycorrhizas,  (3)  ectendomycorrhizas,  (4)  arbutoid,  (5)  monotropid,  (6) 

ericoid, and (7) orchid mycorrhizae.  

Ectomycorrhiza  

Ectomycorrhizal fungi form symbioses with several gymnosperm and angiosperm species and belong to 

the  Phylum  Basidiomycota  and  Ascomycota.  In  ectomycorrhiza,  arbutoid  and  monotropid 

mycorrhiza, infection may arise from existing mycorrhizal roots which act as point inoculum sources. 

Mycelia fan out into soil and when they contact an uninfected root hyphae aggregate to form strands or 

mantle over the surface of the root. Hyphae penetrate the root and proliferate within the intercellular 

space forming a Hartig net.  

Arbuscular mycorrhiza  

Arbuscular  mycorrhiza  (AM)  is  probably  the  most  widespread  terrestrial  symbiosis.  It  is  formed 

between obligate biotrophic fungi of the phylum Glomeromycota and roots of around 80% vascular 

plants. The name arbuscular is derived from the characteristic structures, the arbuscles, which occur 

within the cortical cells. Arbuscular mycorrhiza  has three important  components; the root itself,  the 

fungal structures (arbuscles, vesicles, intraradical hyphae and spores) within the cells of the root and extra  

radical  mycelium  in  the  soil.  The  AM  symbiosis  initiates  when  fungal  hyphae,  arising  from 

spores in the soil or adjacent colonized roots contact the root. The colonization process includes arrival of 

the fungus at the root, penetration and development of the infection, and its spread to other parts of the 

root. Formation of an appressorium (a swollen structure formed on the end of a spore germ tube in 

contact with the root) often occurs as a prelude to infection. Hyphae then penetrate the epidermal cells or  

pass  between  these  cells  and  penetrate  the  outer cortical  cells.  Some  of  the  important  genera  of 

AMF  are  Glomus,  Paraglomus,  Gigaspora,  Acaulospora,  Entrophospora and  Scutellospora.  Unlike 

ectomycorrhiza,  AM  are  non  cultivable  outside  host  plant.  However,  their  internal  structure  can  

be observed in clear and stained root sample under light or stereo microscope.  

Benefits of mycorrhizae  

1.  Enhanced nutrient uptake. This is achieved by the expansion of zone of nutrient uptake farther  away  

from  the  rhizosphere  and  more  efficient  uptake  and  transport  of  nutrients. Phosphorus nutrition is 



greatly enhanced by AM colonization. Arbusclar mycorrhizal plants generally grow better in phosphate 

deficient soils  than non mycorrhizal plants. All type of mycorrhizal fungi are able to transport N and P.  

2.  Improved tolerance to water stress. Mycorrhizae increase the effective absorptive surface area of the 

plant.  

3.  Disease tolerance in crop. mycorrhizal plant root tends to be colonized by fewer disease causing 

organisms  

4.  Improvement of soil structure. Mycorrhizae create conditions that are conducive  for the formation  of  

soil  micro-aggregates  and  macroaggregates.  In  addition,  AM  fungi  produce glomalin, a specific soil-

protein, present in soil in large amounts and is considered to stably glue hyphae to soil to form a ‘sticky’ 

string-bag of hyphae which leads to the stability of aggregates. 

Ectomycorrhiza:  

This association consists of septate fungal cells infecting roots of trees and shrubs. The fungi form 

compact mantle or sheath over the root surface and penetrate between the cells of the root cortex to form  

a complex intercellular system  called the Hartig net. The ectomycorrhizal fungi produce  auxins  

responsible  for  some  morphological  differences  between  mycorrhizal  and nonmycorrhizal  roots.  

Many  fungi  from  classes Basiodiomycetes,  Ascomycetes,  Zygomycetes  and Mushrooms form 

ectomycorrhiza. It is usually difficult and sometimes impossible to plant seedlings of trees in grassland 

soils or other new areas, particularly in forest establishment without introduction of the fungi partner.  

Ectendomycorrhiza: 

This is similar to ectomycorrhiza except that the external mantle of fungi sheath may be much reduced or 

absent, the Hartig net is well developed and the hyphae also penetrate the host cells.  

Ericaceous  mycorrhizas: These  include  the  mycorrhizas  associated  with  Arbutus, Ericales  and 

Monotropaceae. Arbutoid mycorrhizas are formed as mantle which serve as storage organ, when Hartig 

net is present it penetrates  the  outer  layer  of  the  cortical  cells.  The  septate  hyphae  form  

intracellular  coils  that eventually disintegrate within the cell.  

Ericoid mycorrhizaoccurs between the ericaceous plants and a fungus  called  Pezizella. The fungus 

forms multiple coils within the cells and up to 42 %of the root cells can be occupied by the fungal 

hyphae.  

Monotropoid Mycorrhiza: A  member  of  the  Basidiomycetes  called  Boletus infects  both  the 

monotropa  and  the  roots  of  neighboring  trees.  The  seed  of  monotropa  is  very  small  it  will  

initiategermination  but  will  not  develop  further  until  infected  with  Boletus.  Phosphate  and  glucose  

can  be translocated by the fungi over a distance of 1 to 2m to the tissue of monotropa.  

Orchidoid mycorrhizas: Orchid  seedlings  are  very  small  and  the  seedlings  pass  through  a  seedling 

stage  during  which  they  are  unable  to  photosynthesize.  Since  the  seeds  are  too  small  to  contain 

reasonable  reserves,  a  germinating  embryo  does  not  develop  further  unless  it  receives  an  outside 

supply of carbohydrates or is infected by a compatible mycorrhizal fungus. The infection in orchids 

spreads from cell to cell, with hyphae coils taking up a large portion of the volume of infected cells.  

The intracellular hyphae have a limited live and degeneration can occur as early as 30 to 40 hours after 

initiation  of  infection  and  is  usually  complete  within  11  days.  Fungi  genera  involve  include 

Rhizoctonia,  Marasmius,  Armillaria and  Fomes.  Parasitism  of  host  plant  can  occur  as  in 

monotropoid mycorrhizas. However  unlike  monotropoid mycorrhizas,  a  Hartig net,  well  developed 

fungal sheath and specialized haustoria are absent. 



Arbuscular mycorrhizal fungi (AMF):  

These are the most common forms of mycorrhizas it involves fungi classified  as  Zygomycetes.  The  

aseptate  hyphae  infect  the  root  cells  of  nearly  all  cultivated plants, forest trees, shrubs and 

herbaceous species. No visible structural change is observed on the root except on onion where a sight 

yellowing of the root is observed. Internal vesicles constituted by fungal hyphae expansion filled with 

lipids are used for storage. There is another internal structure in the root cortex called arbuscule, this 

consist of finely branched hyphae and persist within the plant cell for 4 to 10  days.  After  which  they  

are  digested  by  the  plant cell  and  new  ones  are  formed  in  other  cells. Nutrient  transfer  occurs  

between  the  finely  branched  fungal  mycelium  and  plant  cell  membranes. Some fungi hyphae and 

resting spores extend externally in the soil. Five  major genera of the  family Endogonaceae  form  AMF,  

these  are;  Glomus,  Gigaspora,  Acaulospora,  Sclerocystis and Scutellospora. They are distinguished by 

the morphology of their resting spore.  

FUNCTIONS OF MYCORRHIZAS  

1.  The  major  contribution  of  the  fungus  is  in  nutrient uptake  and  translocation,  especially  of 

phosphorus and sometimes nitrogen.  

2.  Mycorrhizal  plants  have  the  capacity  to  withstand  or  tolerate  drought  better  than  non 

mycorrhizal plants.  

3.  The  plants  are  protected  from  pathogens,  nematodes  and  heavy  metal  concentrations  in  the 

rooting zone.  

4.  The fungi partners obtain carbon from the plant.  

5.  Mycorrhizal fungi have aggregating effect especially on coarse soil.  

6.  The  production  of  phyto-hormones  such  as  cytokinins may  have  positive  effect  on  plant growth. 

 

 



Blue-green algae (BGA) 

Introduction  

Blue-green algae (cyanobacteria) are distributed world-wide and contribute to the fertility 

of  many agricultural  ecosystems, either as free-living  organisms  or in  symbiotic association 

with the water-fern Azolla. The nitrogen-fixing ability of many species is the principal. but by no 

means  the only, reason  for this increased  fertility. The particular importance of these organisms 

in rice culture was made clear in the review by Roger and Kulasooriya (1980). This included 

many reports of the manipulation of rice field ecosystems to maximize  blue-green algal nitrogen 

fixation especially by the deliberate addition of dried  inocula. This chapter examines the 

possibilities for deliberate modifications of blue-green algal populations in rice  fields, with the 

ultimate aim of increasing rice yield.  

Free-living blue-green algae  

Occurrence and agronomic significance  

Many rice fields show visually obvious growths of blue-green algae, although eukaryotic 

green algae may be more abundant where high quantities of nitrogenous fertilizer have been 

added. Typically, about half the blue-green algal genera represented are heterocystous Anabaen 

Calothrk, Cylindrospermum, Fischerella, Gloeotnchia, Nostoc, Sqronemna, Tolypothrix, Wollea 

and  thus nitrogen-fixers.  

A quantitative study of 102 samples of rice soils from the Philippines, India, Malaysia 

and Portugal showed that heterocystous blue-green algae occurred at densities ranging from 10 

to 8 X l06 colony-forming units (CFU) per cm2.  

The abundance of heterocystous forms shows a positive correlation with pH and available 

phosphorus content of soils. Some communities dominated by non-heterocystous forms also fix 

nitrogen. Though laboratory studies show that associated bacteria are sometimes responsible for 

the fixation. 

However, more recent studies have shown the consistent presence of nitrogen-fixing 

blue-green algae frequently at high densities, in soils under rice cultivation. The best known 

effect of blue-green algal growth on rice increased nitrogen availability resulting from nitrogen 

fixation but other effects have been reported. They may prevent the growth of weeds and  they  

add to the soil organic content, aiding particle aggregation. Increased availability of phosphorus 

to rice was explained by the excretion of organic acids by blue-green algae. The presence of 



blue-green algae in the immediate vicinity of rice seeds can decrease sulphide injury. There have 

been  many claims that soaking seeds or joint  growth of seedlings with  blue-green  algal 

cultures  can  benefit  rice plants by producing plant growth  regulators.  

The extent to which the blue-green algae may contribute to the nitrogen requirements of 

the rice crop is determined by a number of factors, the most obvious of which are the standing 

crop, rate of nitrogen fixation per unit area, turnover of the nitrogen fixed and the extent to which 

any nitrogen released becomes available to the rice plant. Standing crops of nitrogen-fixing blue-

green algae range from a few kg to 0.5 t ha-1 dry weight and the various  lines of evidence 

indicate a potential of approximately 30 kg N ha-1 per crop. Nitrogen released in the later part 

of the growth period  of the rice crop may be too late to influence grain yield,  though it may be 

important for the subsequent agricultural crop.  

Methods of increasing blue-green algal biomass  

The fact that different rice fields in the same region and at the same time may have 

markedly different blue-green algal standing crops suggests that different farming practices may 

influence their development. Bunds (small embankments) forming the margins of fields at one 

site were continuous and therefore held rainwater, whereas those at another site were broken.  

permitting drainage from the fields.  Fields at the former site had an abundant algal cover, 

whereas visually obvious growths were rare at the latter site. Such observations raise the 

possibility of deliberate manipulation of the ecosystem to favour blue-green algae by liming.  

phosphorus application, surface application of straw and grazer control. The addition of nitrogen 

fertilizer has been shown in a number of studies to decrease blue-green algal growth or influence 

species composition. Possible reasons for this are the frequent simultaneous addition of 

phosphate and rapid mobilization of the nitrogen in the soil. Deep placement of nitrogen 

fertilizer reduces its inhibitory effect on blue-green algal nitrogen fixation.  

The effects of rice yield of soil inoculation by blue-green algae were a 25% increase in 

yield after inoculation of poorly drained paddy with Tolypoth-ix renuis. Several authors reported 

increases well over 200% from pot trials in India. Studies on the use of inocula for rice soils have 

been discontinued in Japan, but subsequently there have been many reports from India and a 

limited number from other countries.  

The interest generated in India led in 1977 to the All-India Coordinated Research Project 

on Algae, which involves the production and distribution of inocula. Inocula are derived from a 



mix of strains isolated originally from rice-fields and grown in shallow trays with soil, phosphate 

and insecticide. If necessary, lime is added to adjust soil pH to 7.0-7.5.  The blue-green algal 

mats which develop are allowed to dry and the dried flakes are stored in bags for use at 10 kg ha-

1 in farmers' fields. Blue-green algae being equivalent to the addition of 20-30 kg ha-1 nitrogen 

provided phosphorus fertilizer is added.  



Azolla- Anabaena Symbiosis 

Azolla- Anabaena symbiosis is another biological nitrogen fixing symbiosis of 

agronomicsignificance where Azolla (aquatic lower plant) forms association with Anabaena azollae 

(cyanobacterium, also called blue green alga). A. azollae possesses nitrogenase enzyme and fixes N2. 

Since Azolla grows well in pounding water it  is used as N fertilizer (green manuring ) in low land rice 

cultivation in countries of Far East region.  

MACROSYMBIONT  

Azolla is a heterosporous aquatic fern (lower plant) distributed throughout the world. It is a fresh 

water plant and can seen growing on the road side on surface of standing water. It multiplies vegetatively 

as well as sexually. Azolla was named as genus by J.B. Lamarck in 1783 which was later placed in 

Azollaceae family of Salviniales Order. During sexual reproduction it produces female megaspores in 

megasporocarp and male microspores in microsporocarp. Based on features of megasporocarps and 

microsporocarps the genus Azolla has been divided in to two sections. Taxonomical classification of 

Azolla is given below: 

Salviniales (Order) 

Azollaceae (Family) 

                            Azolla (Section)                                  Rhizome (section) 

                            A.caroliniana                                  A. pinnata var. pinnata 

                            A. filiculoides                                 A. pinnata var. imbricate 

                           A. maxicana                                   A. nilotica 

                           A. microphylla 

                           A.rubra 

Azolla forms thick mat on surface of ponding water in ditches, drainages, marshes and rice 

paddies. At low temperature in cold climate Azolla turns purple to red in colour due to synthesis of 

anthocyanin. It colonizes N impoverished soils and does not grow in excessively turbulent water such as   

large lakes or swiftly moving water bodies because turbulence and too much wave action leads to 

fragmentation which restricts its growth. Azolla has dorsi-ventral leaves (leaves showing difference in 

structure between upper and lower sides) and floating stem called rhizome. The rhizome bears two lateral 

rows of bilobed leaves (leaves having two divisions) on dorsal (upper) surface. Adventitious roots are on 

ventral (lower) surface at nodes. The aerial dorsal leaf lobe is fleshy at maturity and contains a cavity in 

the half of its lamina. The cavity is an extra cellular space formed by folding of the dorsal epidermis. The 

microsymbiont, A. azollae, is found in this cavity and remains with Azolla throughout the lifecycle. A. 

azollae free Azolla is difficult to find in nature, though, in can be obtained in laboratory for research 

purpose.  



MICROSYMBIONT        

Anabaena azollae found in symbiosis with Azolla is a cyanobacterium. Anabaena is a genus 

placed in Nostocaceae family, Order Nostocales. A. azollae is an heterocystus N2 fixing cyanobacterium 

living in symbiosis with Azolla throughout its life cycle. It forms hormogonia (a chain of small cells in 

certain) like filaments in specific developmental stage of symbiosis. A. azollae is also found in free state 

in nature and is very much similar to Nostoc.  While multiplication of Azolla the microsymbiont is 

transferred in to new cells in the form of a colony of undifferentiated filaments morphologically similar to 

hormogonia present on the growing tip of the each stem of Azolla. As the new leaf matures some of the 

cyanobacterial filaments get transferred in to the cavity. In case of sexual reproduction Anabeana is 

transferred to new leaf through megacarp. A study using DNA hybridization technique revealed that A. 

azollae in different species of Azolla of both the sections ( Azolla and Rhizome) is slightly different  

SYMBIOSIS     

Both the partners grow together as dependendents on each other for some of their growth 

requirements. A. azollae, microsymbiont, reduces N2 from air supplies N to the host, the macrosymbiont, 

in the form of NH4. Azolla, in return, shares fixed carbon source (carbohydrates) and mineral nutrients 

with the microsymbiont. As already mentioned the microsymbiont always remains with the host at every 

growth stage of life cycles and of resides in basal cavity found on the dorsal lobe of each leaf of Azolla. 

The cavity has two primary branched hairs and about 25 simple hairs. The function of these structures 

appears to provide fixed carbon (carbohydrate) and mineral nutrition from the host to microsymbiont and, 

in turn, NH4 from microsymbiont to the host through the same structures. Laboratory studies revealed that 

while growing symbiotically A. azollae contributes about 16% of the total chlorophyll and protein content 

of both symbionts together. The microsymbiont also contains all the pigments as it would contain 

growing as freeliving. It is estimated that it contributes about 5% of the total CO2 fixed by the intact 

association. The    frequency of heterocyst formation by A. azollae also increases when in N2 fixing 

symbiosis and about 27 to 30 % more heterocysts were formed. A. azollae appears to live in the cavity of 

mature leaf of Azolla as photoheterotroph or mixotroph and must be obtaining fixed carbon from Azolla 

too. Energy (ATP) and reductant (electrons) for nitrogenase activity are supplied in the form of 

photosynthate by the host. Nitrogenase activity has been recorded both during dark reaction in night as 

well as light reaction in day time. 

The fixed nitrogen is translocated from mature leaf cavity to stem apex through undifferentiated 

A, azollae filaments which have nitrogenase. The fixed nitrogen is assimilated by the host through 

glutamine synthetase (GS)-glutamate synthase (GOGAT) pathway. Glutamate dehydrogenase (GDH) 

pathway has little role in assimilation of N2 fixed. Ray et. al.(1978) reported that during symbiosis A. 



azollae does not use N2 fixed and all of it is diverted as ammonia to meet N need of Azolla for growth. 

Azolla nitrogen becomes available to rice crop only after the death of Azolla and its decomposition.    

 IMPORTANCE OF SYMBIOSIS  

• Azolla –Anabaena symbiosis is important from agriculture view point. Azolla has agronomic 

importance since it can be used as very good source of green manure. Use of Azolla pinnata as 

green manure for lowland rice cultivation is an age old practice in China and Vietnam. Three 

recommended practices of Azolla biofertilizer use in field are:  

(i) Insitu growing and soil incorporation of Azolla before rice transplanting: Azolla is grown in the 

same field for about 25 to 30 days and then incorporated in soil just before transplanting. In this 

practice the field will have to be prepared 40 to 45 days before rice transplanting and more water 

is required.    

(ii) Dual culturing of Azolla and rice in same field. After transplanting rice Azolla in inoculated in 

between rows and after about 30 days growth it is trampled on by labour. The left over Azolla 

leaves again start growing and another crop of Azolla will be ready within 20 to 25 days for 

incorporation. This practice is followed in the areas where water is scarce and limited.  

(iii)  Combination of both the above practices. Where water supply is plenty both the above practices 

can be followed. More number of crops can be turned in through this practice.    

Under suitable cultural conditions the average doubling time (time taken in doubling Azolla 

population) of is 3-4 days. Azolla has about 3.0% N on dry weight basis. About 10 -15 tons wet biomass 

of Azolla provides about 20 -30 kg N. However, considerable variation occurs in growth rate, N content, 

and mat density within and among different Azolla species. One crop of Azolla before rice transplanting 

plus 30kg urea N/ha generally gives as much rice yield or slightly more than that obtained with 60kg urea 

N/ha. 

• Besides nitrogen Azolla also adds organic matter and remobilizes other plant mineral nutrients.  

• Based on digestibility of specie/strain Azolla can be used as animal feed 

• Azolla is a good fish food.  Azolla, fish and rice all three can be cultured together in the same field. It 

can be fed to animals and poultry as concentrate 

• Azollza can be used to remove macro and micronutrients from sewage effluent and polluted waters 

• In rice fields Azolla cover on water reduces evaporation of water and also checks volatilization of 

ammoniacal nitrogen as it reduces pH of water. 

CONSTRAINTS OF AZOLLA BIOFERTILISER TECHNOLOGY 

Although the potential of Azolla as biofertilizer is well established, the technology has certain constraints 

depending on regional conditions. 



1) Maintenance of Azolla inoculum between two crops of rice and in the unfavorable seasons is a serious 

hurdle in use of Azolla as biofertilizer. Both over wintering as well as over summering are problem 

for Azolla. Though in nature it perpetuates from one season to another season, however, to maintain 

sufficient population of Azolla to apply in field it needs some extra efforts, facilities and labor. 

2) High temperature and high air in hot humid tropics is harmful Azolla growth. Temperature is 

especially an important limiting factor. The optimum temperature for growth of most species is within 

the range 20-35°C, though some Azolla strains can tolerate 400C temperatures. The poor growth of 

Azolla at higher temperatures is at least in part is due to increased effects of grazing, parasites and 

competition with free-living green algae. In India temperature in rice growing region goes above 400C 

and much suitable for Azolla growth.   

 



Composting 

Definition of composting 

Composting is the controlled aerobic biological decomposition of organic matter into a 

stable humus like product called compost. It is essentially the same process as natural 

decomposition except that it is enhanced and accelerated by mixing organic waste with other 

ingredients to optimize microbial growth. 

The principal elements in planning a compost facility include performing site 

investigations and developing the recipe design, facility design, waste utilization plan, and an 

operation and maintenance plan. Because composting is a relatively fexible process, it is 

necessary to decide among alternative methods, locations, and materials. The decision depends 

on the management and economic aspects of the farm as well as on the physical limitations of 

the site. The planner needs to present the landowner with the different alternatives so that the 

owner can make the final decision. 

Principles of composting 

(a) General background 

Composting is the process by which various aerobic micro-organisms decompose raw 

organic material to obtain energy and material they need for growth and reproduction. The stable 

by-products of this decomposition, the biomass of both dead and living microorganisms, and the 

undegradable parts of the raw material make up the end product that is called compost. The 

organisms responsible for composting require certain nutritional and environmental conditions to 

survive and function. They require adequate amounts of macro- and micro-nutrients, oxygen, and 

water. These organisms experience optimal growth rates only within certain temperature and pH 

ranges. 

(b) Composting process 

The composting process is carried out by a diverse population of predominantly aerobic 

micro-organisms that decompose organic material in order to grow and reproduce. The activity 

of these micro-organisms is encouraged through management of the carbon-tonitrogen (C:N) 

ratio, oxygen supply, moisture content, temperature, and pH of the compost pile. Properly 

managed composting increases the rate of natural decomposition and generates sufficient heat to 

destroy weed seeds, pathogens, and fly larvae. The composting process can be divided into two 

main periods: (1) active composting and (2) curing. Active composting is the period of vigorous 

microbial activity during which readily degradable material is decomposed as well as some of 

the more decay-resistant material, such as cellulose. Curing follows active composting and is 

characterized by a lower level of microbial activity and the further decomposition of the products 



of the active composting stage. When curing has reached its final stage, the compost is said to be 

stabilized.  

The compost pile passes through a wide range of temperatures over the course of the 

active composting period. As the temperature varies, conditions become unsuitable for some 

micro-organisms while at the same time become ideal for others. The active composting period 

has three temperature ranges. 

These ranges are defined by the types of microorganisms that dominate the pile during 

those temperatures (fig. 2–1) and are called psychrophilic, mesophilic, and thermophilic. 

Psychrophilic temperatures are generally defined as those below 50 degrees Fahrenheit, 

mesophilic between 50 and 105 degrees Fahrenheit, and thermophilic above 105 degrees 

Fahrenheit. Defining these temperature ranges does not mean micro-organisms found in the pile 

during the mesophilic stage are not found during the psychrophilic or thermophilic stage. Rather, 

these ranges are defined to make a rough delineation between temperatures at which certain 

classes of micro-organisms have peak growth rates and efficiencies. For example, mesophilic 

organisms may inhabit the pile in the thermophilic or psychrophilic temperature ranges, but will 

not dominate the microbial population because they are not functioning at optimal levels. 

The initial stage of composting is marked by either psychrophilic or mesophilic temperatures 

depending on the ambient temperature and the temperatures of the compost mix material. A short 

lag period is typical at the start of the composting process before the temperature begins to rise 

rapidly. This lag period is the time necessary for the development of the microbial population. 

 

 



As the microbial population begins to degrade the most readily degradable material and the 

population increases, the heat generated by the microbial activity is trapped by the self-insulating 

compost material. As the heat within the pile accumulates, the temperature of the compost pile 

begins to rise. The temperature continues to increase steadily through the psychrophilic and 

mesophilic temperature ranges as the microbial population increases and diversifies. Depending 

on the operation, the compost pile typically takes from 2 to 3 days to increase beyond mesophilic 

temperatures and reach the thermophilic stage of composting. 

As the pile temperatures increase into the thermophilic range, the pile becomes inhabited 

by a diverse population of micro-organisms operating at peak growth and efficiency. This intense 

microbial activity sustains the vigorous heating that is necessary for the destruction of pathogens, 

fly larvae, and weed seeds. The diversity of the microbial population also allows the 

decomposition of a wide range of material from simple, easily degradable material to more 

complex, decay resistant matter, such as cellulose. 

The temperatures continue to rise and peak at about 130 to 160 degrees Fahrenheit. Once 

this peak is reached, microbial activity begins to decrease in response to a depletion in readily 

degradable material and oxygen or to the excessively high temperature that is detrimental to their 

function. Micro-organisms degrade material by moving soluble components through their body 

walls as is done for simple compounds or by using extracellular enzymes to break the material 

down before it is taken into the cell body. If the temperature becomes too high, the enzymes 

responsible for the breakdown denature and become nonfunctional so that the micro-organisms 

cannot get the nutrition they need to survive. Elevated temperature may not be lethal for all 

micro-organisms, but may affect their efficiency and further contribute to the decrease in 

microbial activity. Still other micro-organisms form spores in response to excessive heating. 

Spores are the inactive form that some micro-organisms take to protect themselves from 

conditions adverse to survival, such as heat and lack of moisture. These spores germinate once 

more favorable conditions return. 

As microbial activity decreases, more heat is lost from the pile than is generated, and the 

pile begins to cool. As the temperature cools from thermophilic levels, different micro-organisms 

reinhabit the pile by migrating from cooler spots while spores germinate as conditions become 

more suitable for survival. These microorganisms serve to continue the decomposition process. 

The compost pile remains in the thermophilic range from 10 to 60 days, depending on the 

operation. 

Once the temperature decreases to below 40 to 41degree Celsius, the curing period may 

begin or the pile may be aerated to reactivate active composting. At no set point is active 

composting determined to be complete. It is usually considered complete when the pile 

conditions are such that microbial activity can not increase enough to reheat the pile. This 

generally happens when the temperature has decreased to below 40 to 41degree Celsius. 



Although microbial activity is not as intense and most of the organic material has already been 

degraded, curing is an important part of the composting process. 

Curing is marked by a lower level of microbial activity and is responsible for stabilizing 

the products resulting from active composting period. Stabilization includes further 

decomposition of organic acids and decay resistant compounds, the formation of humic 

compounds, and the formation of nitrate-nitrogen. Another benefit of curing is that certain fungi 

begin to inhabit the pile and contribute to the disease suppressant qualities of the compost. 

Because microbial activity has decreased and is operating at a lower level, little heat is generated 

and the pile temperature continues to decrease or remains at a low level. Proper management of 

moisture and oxygen is still required during the curing period to maintain microbial activity. 

Management during the curing period is also required to ensure that the pile is not 

recontaminated with weed seeds. This may require covering or relocating the curing piles to 

reduce the potential for recontamination. The reactions that take place during curing are 

relatively slow and as such, require adequate time. The length of the curing period varies with 

the type of operation, the length of the active composting period, and the intended end use of the 

compost. Short, active composting periods require extended curing periods to allow for sufficient 

decomposition and stabilization. 

Compost that will be used for sensitive end-uses, such as application to sensitive crops or 

in potting media, also requires an extended curing period. Curing is generally considered 

complete when the pile after repeated mixings returns to ambient temperature. It is important to 

distinguish between cooling that is a result of sufficient curing and cooling that is a result of 

inadequate oxygen supply or moisture content. Curing generally lasts from 1 to 6 months. 

(c) Microbiology 

A variety of microbial populations develops in response to the different levels of 

temperature, moisture, oxygen, and pH within a compost pile. This microbial diversity enables 

the composting process to continue despite the constantly changing environmental and 

nutritional conditions within the pile. The micro-organisms responsible for composting degrade a 

broad range of compounds from amino acids and simple sugars to complex proteins and 

carbohydrates.  

This results in a thorough degradation of the compost material. Temperature levels and 

available food supply generally have the greatest influence in determining what class and species 

of organisms make up the microbial population at a particular time. Decomposition proceeds 

rapidly in the initial stages of composting because of the abundant supply of readily degradable 

material. The material is characterized by a low molecular weight and simple chemical structure. 

It is water soluble and can pass easily through the cell wall of the organisms, which allows it to 

be metabolized by a broad range of nonspecialized organisms. 



As the readily degradable material is consumed and the supply diminishes, more 

complex, less degradable material begins to be decomposed. This material is characterized by a 

high molecular weight, polymeric (long chain) chemical structure that cannot pass directly into 

the cells. The material must be broken down into smaller components through the action of 

extracellular enzymes. Not all of the micro-organisms present in the compost pile can produce 

these enzymes, particularly simple organisms, such as bacteria. 

Such decomposition requires more specialized organisms, such as fungi. After the 

polymeric material is hydrolyzed into smaller components by these specialized organisms, the 

resulting fragments can then be used by the nonspecialized organisms. Micro-organisms that 

inhabit a compost pile are in three classes: bacteria, fungi, and actinomycetes, a higher form of 

bacteria. They can be anaerobes, aerobes, or facultative anaerobes. Strict anaerobes do not use 

oxygen and will die if exposed to oxygen. Aerobes use oxygen, and facultative anaerobes use 

oxygen if it is available, but can function without it. The micro-organisms within a compost pile 

can be psychrophilic, mesophilic, or thermophilic depending on the temperature range within 

which they experience optimal growth rates. The psychrophilic temperature range is defined as 

being below 10 degrees Celsius, mesophilic between 10 and 41 degrees Celsius, and 

thermophilic between 41 and 71 degrees Celsius. 

(1) Bacteria 

Bacteria are small, simple organisms present primarily during the early stages of the 

composting period. They are responsible for much of the initial decomposition and include a 

wide range of organisms that can survive in many different environmental conditions. Although 

they are small relative to fungi and actinomycetes, they are present in significantly greater 

numbers. Bacteria are fast decomposers. They stabilize most readily available nutrients, such as 

simple sugars, as well as digest the products of fungal decomposition. Some bacteria can degrade 

cellulose. 

Bacteria function optimally within a pH range of 6 to 7.5 and are less tolerant of low 

moisture conditions than other types of micro-organisms. Some bacteria form endospores that 

enable them to withstand unfavorable environmental conditions, such as high temperature or low 

moisture. When the environment becomes more favorable for survival, the endospores germinate 

and the bacteria become active again. This feature of certain bacteria helps to continue the 

composting process during the cooling phase that follows peak thermophilic temperatures. 

(2) Fungi 

Fungi are larger organisms than bacteria. They form networks of individual cells in 

strands called filaments. Fungi tend to be present in the later stages of composting because of the 

nature of the material they decompose. Most fungi decay woody substances and other decay-

resistant material, such as waxes, proteins, hemicelluloses, lignin, and pectin. Fungi are less 

sensitive to environments with low moisture and pH than bacteria, but because most fungi are 



obligate aerobes (require oxygen to grow), they have a lower tolerance for low-oxygen 

environments than bacteria. Fungi also cannot survive above a temperature of 60 degrees 

Celsius. 

Considering that fungi cannot survive in temperatures greater than 60 degrees Celsius and 

that they are responsible for much of the decay of resistant material indicates that excessive 

temperatures are detrimental to the composting process in terms of complete degradation. 

Therefore, while high temperature levels are desirable for pathogen destruction, they must be 

controlled to reduce the destruction of beneficial organisms and its subsequent effect on the 

completion of decomposition. 

(3) Actinomycetes 

The actinomycetes are the third major class of micro-organisms that inhabit a compost 

pile. Actinomycetes are technically bacteria because of their structure and size, but are similar to 

fungi in that they form filaments and are able to use a variety of substrates. Actinomycetes can 

degrade organic acids, sugars, starches, hemicelluloses, celluloses, proteins, polypeptides, amino 

acids, and even lignins. They also produce extracellular proteases and can lyse (disintegrate or 

dissolve) other bacteria. Actinomycetes are more prevalent in the later stages of composting 

when most of the easily degradable compounds have been degraded, the moisture levels have 

decreased, and the pH has become less acidic. 

(4) Higher organisms 

Higher organisms begin to invade the compost pile once the pile temperatures cool to 

suitable levels. These organisms include protozoa, rotifers, and nematodes. They consume the 

bacterial and fungal biomass and aid in the degradation of lignins and pectins. These higher 

organisms contribute to the disease suppressive qualities of the compost.  


