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INTRODUCTION

 Microbiology is a specialized area of biology (Gr. bios = life + logos = to study)
that deals with the study of microorganisms or microbes.

 In a broad sense, Microbiology can be defined as “a branch of biological science
which deals with the bacteria and related forms of life like rickettsiae, viruses,
yeasts, molds, algae and protozoa.

 Microorganisms: Organisms are too small (less than 0.1 mm in size) that
cannot be clearly perceived (seen) by the human eye are known as
microorganisms. E.g. Bacteria, fungi (yeast, mold), protozoa, algae, virus,
phytoplasma and rickettsia.

 The human eye is not able to perceive (see) objects with a diameter of less than
0.1 mm size, therefore an object must be required to magnify at least 0.1mm to
preferably 0.2mm for clear vision.

 Bacteriology can be defined as the branch of science, which deals with systemic
study of unicellular prokaryotic microorganisms, known as bacteria.

The Discovery of Microbial world:
• Microorganisms were probably first living things to appear on earth.

• Roger Bacon, in the 13th century, postulated that disease is caused by invisible
living creatures.

• This suggestion was made again in 1546 by a physician ‘Girolamo Fracastoro’
of North Italy.

• As early as 1658, a monk named Athanasius Kircher (1601-1680) referred to
“worms” invisible to the naked eye in decaying bodies, meat, milk, and
diarrheal secretions.

• In 1665, Robert Hook , an English Scientist, used a simple lens that magnified
objects approximately 30X. He examined thin slices of cork, the bark of oak
tree, and found that cork was made of tiny boxes that Hook referred to as
“Cells” and all his observations were published in book titled ‘Micrographia’

 Antony Van Leeuwenhoek: He was a merchant of Holland by profession but
he ground lenses and made microscopes as a hobby. He had no formal
university education but had a keen mind. The best microscope he made had a
magnification of 200 to 300 times.

 He observed food particles deposited between teeth of his own and
colleagues under his microscope. He reported minute objects moving
speedily, which he called “Animalcules’ (Small animals), which we now know
as Protozoa, fungi and bacteria.

 Leeuwenhoek is considered as father of bacteriology, heamatology, histology
and protozoology.

Spontaneous Generation Theory
The origin of life from non-living materials – also called Abiogenesis. (The
production of living organisms from other non-living materials).
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 The belief that life could originate from non-living or decomposing
matter.

 The theory was stated by Aristotal in 346 B.C.

 Spontaneous Generation also called abiogenesis, is the belief that all
living things originated spontaneously from inanimate/non-living matter,
without the need for a living progenitor to give them life.

Louis Pasteur- He finally disproved the Theory of spontaneous generation.

• He boiled meat broth in a flask, heated the neck of the flask in a flame
until it bent into the shape of an ‘S’.

• Pasteur’s Swan-Necked Flasks: He used swan-necked flask. Pasteur
created unique glass flasks with unusual long, thin necks that pointed
downward.

These swan-necked flasks allowed air into the container but did not allow
particles from the air to drift down into the body of the flask.

• Air could enter the flask, but airborne microorganisms could not - they
would settle by gravity in the neck. As Pasteur had expected, no
microorganisms grew.

• When Pasteur tilted the flask so that the broth reached the lowest point
in the neck, where any airborne particles would have settled, the broth
rapidly became cloudy with life.

• Pasteur had both refuted the theory of spontaneous generation and
convincingly demonstrated that microorganisms are everywhere - even in
the air.

• No growth was observed because dust particles carrying organisms did
not reach the medium, instead they were trapped in the neck of the
flask; if the necks were broken, dust would settle and the organisms
would grow; in this way Pasteur disproved the theory of spontaneous
generation .

John Tyndall
 Omission of dust ----> no growth.
 Demonstrated heat resistant forms of bacteria (endospores).
 He conducted experiments in a specifically designed box to establish and

prove the fact that dust actually contained and carried the microbes (i.e.
germs).
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Pasteur’s Experiment

Scientist who have done research on spontaneous generation theory
Name of Scientist Experiment
Francesco Redi Conducted three jar experiment and

showed that maggots are larval stage of
flies thus destroyed the myth of
spontaneous generation

John Needhm supporter of the theory of spontaneous
generation and proposed that tiny
organisms, the animalcules arose
spontaneously on his mutton gravy

Lazzaro Spallanzani boiled beef broth for longer period,
removed the air from the flask and then
sealed the container and disproved the
hypothesis of spontaneous generation

Franz Schulze & Theodor Schwann passed air through hot glass tubes or strong
chemicals in to boiled infusions in flasks
and disproved spontaneous generation
theory

Schroder & T. Von Dusch Discovered technique of cotton
plugging and disproved spontaneous
generation theory
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Germ Theory of Fermentation

 In past some chemists (Berzelius, Liebig, and Wohler) believed that
souring of milk and production of alcoholic beverages were spontaneous
chemical processes. They opposed the views that microorganisms caused
these changes (first proposed by—Latour, Schwann and Kutzing in
1938).

 Louis pasteur worked on lactic acid fermentation and suggested that
specific microorganisms were responsible for specific changes or
fermentation. This is called germ theory of fermentation, which laid the
foundation of Industrial microbiology.

Fermentation: “The anaerobic oxidation of compounds by the enzyme action
of microorganisms”.

Goal: To reduce pyruvate, thus generating NAD+

Where: The cytoplasm

Why: In the absence of oxygen, it is the only way to generate NAD+ and ADP.

1. Alcoholic Fermentation - occurs in yeasts in many bacteria· The product
of fermentation, alcohol, is toxic to the organism

2. Lactic Acid Fermentation

 Occurs in humans and other mammals

 The product of Lactic Acid fermentation, lactic acid, is toxic to mammals

 This is the "burn" felt when undergoing strenuous activity.

 The only goal of fermentation reactions is to convert NADH to NAD+ (to
use in glycolysis).

In fermentation - 2 ATP's produced, aerobic respiration - 36 ATP's produced .
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Germ Theory of Disease

• The Germ Theory of disease states that the microorganisms (germs) can
invade other organisms and caused disease. Even before Pasteur had
proved by experiment that bacteria are the cause of some diseases, many
observant students had expressed strong arguments for the germ theory of
disease.

Koch’s Postulates:
1) A specific causal organism (microorganisms) can always be found in

association with a given disease.
2) The organism can be isolated and grown in pure culture on artificial media

in the laboratory.
3) The pure culture will produce the same disease when inoculated into a

susceptible host (animal).
4) It is possible to re-isolate the same organism in pure culture from the

experimentally infected host (animal) and compared with original one.

• Immunity: refers to the state of being immune to or protected from a
disease, especially an infectious disease. This state is invariably induced by
having been exposed to the antigen on an organism that invades the body or
by having been immunized with a vaccine capable of stimulating production
of specific antibodies.

• Antigen: The protein portion or any part/substance of pathogen which
induce disease/infection.

• Antibody: An antibody is a water-soluble protein produced from globulins
(e.g., γ-globulin) in response to an antigen (foreign protein). Antibodies
attack antigens to neutralize them or make them inactive.

• Chemotherapy: A therapeutic concept developed by Paul Ehrlich (1854–
1915) wherein a specific chemical or drug is used to treat an infectious
disease or cancer; ideally, the chemical should destroy the pathogen or the
cancer cells without harming the host.

• Antibiotics: A compound produced by a microorganism or prepared
partially by synthetic means that inhibits growth or kills other
microorganisms at low concentration.

• Ignaz Philipp Semmelweis: He was pioneering in the use of antiseptics in
obstetrical practice.

• Joseph Lister: He gave the concept of “serial dilution” for isolation of pure
culture. He also gave the concept of “aseptic surgery”

• Edward Jenner’s successful cowpox vaccine (in 1798): Jenner’s epoch-
making successful attempts in vaccinating (inoculating) patients with pox
vaccine, that ultimately resulted in the development of resistance to the
most dreadful smallpox infection.
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• Elie Metchnikoff: described for the first time that, leukocytes (i.e., type of
white blood cells) were able to engulf/ingest the pathogens present in the
body. He named these highly specific defenders against bacterial infections,
as phagocytes (‘cells eater’), and the phenomenon is termed as
phagocytosis.

• Paul Ehrlich (1890): He hypothesized that a foreign material or toxin
entering the body would bind to receptors on cells and stimulates the
multiplication of receptors, which were then released into blood, where they
neutralized the toxin. Thus he gave the concept of chemotherapy.

He discovered : Arsphenamine [Salvarsan(R)], a light yellow organo-
metallic compound (powder) containing about 30% Arsenic (As) and
minimum side effects, was formerly used in the treatment of syphilis.

• Alexander Fleming (1928): Discovered Penicillin from fungus Penicillium
notatum.

• Salman Waksman described the antibiotic streptomycin production by
Streptomyses graseus (Actinomycetes - soil filamentous bacteria).

Important discoveries of Agril. Microbiology

S. A. Waksman published the book “Principles of soil Microbiology" and
discovered the antibiotic "Streptomycin" produced by Streptomyces griseus, a
soil actinomycets (1944).

Rossi (1929) and Cholondy (1930) developed "Contact Slide / Buried
slide" technique for studying soil micro flora.

Van Niel- studied chemoautotrophic bacteria and bacterial photosynthesis.
Bortels demonstrated the importance of molybdenum in accelerating nitrogen
fixation by nodulating legumes.

Kubo proved-the role and importance of “leghaemoglobin” (Red pigment)
present in root nodules of legumes in nitrogen fixation.

Ruinen (1956) coined the term "Phyllosphere" to denote the region of leaf
influenced by microorganisms.

Jensen (1942) developed the method of studying nodulation on agar media in
test tubes.
Barbara Mosse and J. W. Gerdemann (1944) reported occurrence of VAM
(vesicular-arbuscular Mycorrhiza) fungi (Glomus, Aculopora genera) in the roots
of agricultural crop plants which helps in the mobilization of phosphate.

Alexander Fleming developed the antibiotic "Penicillin" from the
fungus Penicillium notatum (1929).

Hardy & Associates developed the technique of measurement of nitrogenase
activity by “acetylene-reduction test” coupled with gas chromatography and
thereby estimation of biological nitrogen fixation.
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Dobereiner and associates (1975, Brazil) studied nitrogen fixing potential of
Azospirillum in some tropical forage grasses like Digitaria, Panicum and some
cereals like maize, sorghum, wheat, rye etc. in their roots.

He coined the term “Associative Symbiosis” to denote the association
between nitrogen fixing Azospirillum and cereal roots. Recently this terminology
has been changed and renamed as “Diazotrophic Biocoenocis”.

Dommergues & associates had discovered / reported nodules on stem
of Sesbania rostrata which could fix nitrogen and can be used as an excellent
green manure crop in low land rice cultivation.

They also discovered N2 fixing stem nodules on Casuarina sp. caused by
Frankia, an actinomycete.

Brefeld Introduced the practice of isolating soil fungi by "Single
Cell" technique and cultivating / growing them on solid media. He used gelatin
(first solidifying agent) in culture media as solidifying agent.

********************************************************
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Prokaryotic and Eukaryotic Microbes

Microorganisms can be broadly classified into 3 groups:
1) Bacteria
2) Archeabacteria
3) Eukaryotes

Fig.: Phylogenetic tree of life

 There are two basic types of cells, eukaryotic and prokaryotic. Prokaryotic
cells are usually single, while eukaryotic cells are usually found in
multicellular organisms.

 Prokaryotic cell is a single, common universal ancestor of all life.
Prokaryotes were the only life-forms for billions of years. As a consequence
of evolution in different environments the prokaryotes have evolved to
become more genetically and physically diverse and adapted to different
styles of life.

 Prokaryotes consist of two domains – Bacteria and Archaea.

 In contrast to most eukaryotes, prokaryotes reproduce asexually and
reproduce their clones.

While sexual reproduction in eukaryotes results in offspring with
genetic material which is a mixture of the parents’ genome. During
reproduction, eukaryotes generate genetic variation by sexual reproduction
whereas genetic variation mechanisms of prokaryotes are not tied to
reproduction.
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 Prokaryotes are generally smaller than eukaryotes. Prokaryotes have higher
growth rates and shorter generation times. Diffusion limitation generally
restricts the maximal size of prokaryotic cells. Because of the asexual
reproduction and short generation time relative to larger organisms,
prokaryotes pass the genome rapidly on to subsequent generations.
Therefore, genetically changed genomes are also rapidly transferred.
Therefore, prokaryotes swiftly adapt and colonize new niches and a wide
range of habitats.

 Prokaryotes are one-celled and often live in clusters or colonies. Prokaryote
species live among and interact with other species in communities and
consortia. The microenvironment and the interactions hold important
selection pressures which affect the evolution of the prokaryotes.

Prokaryotic Microorganisms
Prokaryotes are distinguished from eukaryotes on the basis of nuclear

organization, specifically their lack of a nuclear membrane. Prokaryotes also
lack most of the intracellular organelles and structures that are characteristic
of eukaryotic cells (an important exception is the ribosomes, which are present
in both prokaryotic and eukaryotic cells). Most of the functions performed by
eukaryote organelles, such as mitochondria, chloroplasts, and the Golgi
apparatus, are done by the prokaryotic plasma membrane.

Prokaryotic cells have three architectural regions:
(1) Appendages called flagella and pili—proteins attached to the cell surface;
(2) A cell envelope consisting of a capsule, a cell wall, and a plasma

membrane; and
(3) A cytoplasmic region that contains the cell genome (DNA), ribosomes, and

various sorts of inclusions.

Other features include:
 The plasma membrane (a phospholipid bilayer) separates the interior of the

cell from its environment.

 Most prokaryotes have a cell wall (some exceptions are Mycoplasma, a
bacterium, and Thermoplasma, an archaea). It consists of peptidoglycan in
bacteria, and acts as an additional barrier against exterior forces. It also
prevents the cell from "exploding" (cytolysis) from osmotic pressure against a
hypotonic environment. A cell wall is also present in some eukaryotes like
fungi, but has a different chemical composition.

 A prokaryotic chromosome is usually a circular molecule (an exception is
that of the bacterium Borrelia burgdorferi, which causes Lyme disease). Even
without a real nucleus, the DNA is condensed in a nucleoid. Prokaryotes can
carry extrachromosomal DNA elements called plasmids, which are usually
circular.

Eukaryotic Microorganisms
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The eukaryotic cells are about 10 times the diameter of a typical prokaryote
and can be as much as 1000 times greater in volume. The major difference
between prokaryotes and eukaryotes is that eukaryotic cells contain membrane-
bound compartments in which specific metabolic activities take place. Most
important among these is the presence of a “well defined nucleus”, having a
membrane-delineated compartment that houses the eukaryotic cell's DNA. It is
this nucleus that gives the eukaryote its name, which means "true nucleus."

 Eukaryotes are hypothesized to be more complex than prokaryotes. Prokaryotes
have evolved a multitude of metabolic strategies and are found in a wide range of
habitats, including conditions where most other organisms (Eukaryotes) fail to
survive.

Other features include:
 The plasma membrane resembles that of prokaryotes in function, with minor

differences in the set up. Cell walls may or may not be present.

 The eukaryotic DNA is organized in one or more linear molecules, called
chromosomes, which are associated with histone proteins. All chromosomal
DNA is stored in the cell nucleus, separated from the cytoplasm by a
membrane. Some eukaryotic organelles also contain some DNA.

 Eukaryotes can move using cilia or flagella. The flagella are more complex than
those of prokaryotes.

Table 1: Comparison of features of prokaroytic and eukaryotic cells

Character Prokaryotic cell Eukaryotic cell
Domain Bacteria Archaea Fungi, Algae, Protozoa
Diversity Prokaryotes are more diverse than eukaryotes

Complexity Prokaryotes are less complex than eukaryotes

Genetic variation
mechanisms

Asexual. Produce clones. May
transfer genetic material
horizontally.

Sexual recombination

Organisation Uni-cellular Uni-cellular or multicellular

Diameter (µM) The smallest 0.2 ;;The largest >50 Typically between 2-200

Movement Flagellum Cytoskeleton

Cell division Binary fission Mitotic spindle

Electron acceptor Oxygen or other compounds Oxygen

Major structures Nucleoid , cell wall, cytoplasmic
membrane, ribosomes, inclusions

Organelles, nucleus & same
basic elements of a prokaryote

Membrane-
enclosed
organelles

Absent Present

Peptidoglycan in
cell wall

Present Absent
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Antibiotic
sensitivity

Growth inhibited
by streptomycin &
chloramphenicol

Not inhibited by these antibiotics

Membrane lipids Unbranched
hydrocarbons

Some
branched
hybrocarbons

Unbranched hybrocarbons

Species that
survive above
65°C

Yes No

Genetic material Often only one, circular
chromosome and small amounts
of extrachromosomal DNA in
plasmids

Several, linear chromosomes

Introns (non-
coding parts of
genes)

Absent Present in
some genes

Present

Typical number of
gene copies

Haploid → Genotype reflects
phenotype.

Diploid or multiploid →
Recessive genes are not
expressed.

Site of
chromosomes

Cytoplasma Nucleus

Site of RNA
Synthesis

Cytoplasma Nucleus

Site of protein
synthesis

Cytoplasma

RNA polymerase One kind Several kinds

Initiator amino-
acid for start of
protein synthesis

Formyl-methionine Methionine

********************************************************
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Bacteria: Cell structure
(Sing. Bacterium, Plu. Bacteria)

• Bacteria are prokaryotic, unicellular microorganisms.
• Size: 0.5 -2 um x 5-10 um.
• It can be grown on artificial media in laboratory, reproduce asexually by

simple cell division i.e. Binary fission.
• They have rigid cell wall, cells are rod, spherical (cocci), bacilli (cylindrical

rods), spiral and vibrios shape and some motile with flagella.
• They can be anaerobic, aerobic and facultative or obligate parasite.
• On the basis of chemical composition of cell wall the bacteria are divided in

(1) Gram Positive and (2) Gram Negative.
• Importance: Some cause disease, some perform important role in natural

cycling of elements which contributes to soil fertility, useful in industry for
manufacture of valuable compounds, some spoil food and some make foods.

Structure of a typical bacterial cell

• 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.

Shape & Arrangement of Bacteria:
• The shape of bacterial cell is governed by rigid cell wall. They may be

spherical (Coccus – Cocci), straight rods (Bacillus – Bacilli), or rods that are
helically curved (Spirillum – Spirilli) or they may be pleomorphic (exhibit a
variety of shapes).

 The Cocci are further grouped on the basis of arrangement of cells:
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 Diplococci, Streptococci, Tetracocci, and Staphylococci.
 Bacilli are mostly singular or in pairs (Diplococci).
 Some species may be Streptobacilli (Ex: Bacillus subtilis) or trichomes (Ex:

Beggiatoa) or may have palisade arrangement (Corynebacterium diphtheria).
 Some other bacilli may form long, branched multinucleated filaments called

hyphae, which collectively form mycelium (Ex: Streptomyces)

Structures external to cell wall
Flagella (flagellum) and motility: Bacterial flagella are hair like helical
appendages that protrude through the cell wall and are responsible for swimming
motility. It grows at the tip unlike hair, which grows at the bottom. The hook and
filament are made up of protein known as flagellin. Flagellar arrangement may be

a). Monotrichous – a single polar flagellum
b). Lophotrichous – a cluster of polar flagella
c). Amphitrichous – flagella either single or clusters, at both cell poles and
d). Peritrichous –surrounded by lateral flagella.

Pili (Fimbriae):
They are hollow non-helical filamentous appendages that are thinner, shorter and
more numerous than flagella. Do not function in motility. Different types of pili
have different functions. F – pilus (Sex pilus) serves as the port of entry of genetic
material during bacterial mating. Some pili play major role in human infection.

Capsule: Many bacteria synthesize organic exopolymers that form an envelope
outside the cell wall. If this layer can be seen by light microscopy using special
staining methods it is called a capsule. The material is called “Slime” if the layer is
abundant and many cells are embedded in a common matrix. Most pathogenic
bacteria produce either capsule or slime. The functions of the capsule are: (1) they
may block attachment of bacteriophages (2) they may be antiphagocytic (3) they
may provide protection against temporary drying by binding water molecules (4)
they may promote attachment of bacteria to surfaces.

Sheaths: Sheath is a hollow tube formed in some species of bacteria to enclose
chains or trichomes of bacterial cells. Sheath is commonly found in the species
from fresh water and, marine environments.
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Cell wall: In bacteria the cell wall is very rigid and gives the shape to the cell. Most
of the bacteria retain their original cells even after subjected to very high pressure
or severe physical conditions. It accounts for 10-40% of dry weight of the cell. Cell
walls can be broken by sonic or ultrasonic treatment or by subjecting the cells to
extremely high pressure and subsequent sudden release of pressure.

Structures internal to cell wall
• Cytoplasmic membrane: This is about 7.5 ηm thick and is immediately

beneath the cell wall. This is primarily composed of phospholipids (20-30%)
and proteins (60-70%). This membrane contains various enzymes involved in
respiratory metabolism and in the synthesis of capsular and cell wall
components. It is the site of generation of proton motive force, which drives ATP
synthesis, certain nutrient transport systems and flagellar motility. Damage to
this membrane may result in the death of the cell.

• Protoplast and Sphaeroplast: A protoplast is that portion of a bacterial cell
consisting of the cytoplasmic membrane and the cell material bound by it.

• Sphaeroplast is a protoplast surrounded by the outer membrane of cell wall. In
gram-negative bacteria only peptidoglycan layer can be removed but outer
membrane is still intact surrounding the protoplast.

• Mesosomes: In many bacteria, especially Gram-positive bacteria, the
cytoplasmic membrane appears to be infolded at more than one point. Such
infoldings are called mesosomes. Mesosomes are thought to be involved in DNA
replication, cell division and export of exocellular enzymes.

• Cytoplasm: The major cytoplasmic contents of bacterial cell include the
nucleus, (without a membrane), ribosomes, proteins and other water soluble
components and reserve materials. In most bacteria extra chromosomal DNA
(Plasmid DNA) is also present.

• Bacterial Chromosome: The bacterial nucleus is not enclosed in a defined
membranous structure. The nuclear material is generally confined to the center
of the cell. It consists of single circular double stranded DNA molecule in which
all the genes are linked. This nuclear material is generally designated as
nucleoid.

• Ribosomes: Ribosomes are 70 S type consisting of 50 S and 30 S sub-units.
Some ribosomes are free in the cytoplasm and some are attached to inner
surface of the cytoplasmic membrane.

• Volutin granules (reserve source of phosphate), poly-β-hydroxybutyrate (PHB)
and glycogen (both serving as source of carbon and energy) are some of the
granules present in the cytoplasm of some bacteria. Gas vesicles are present in
bacteria that grow in aquatic habitat.

• Spores: Spore is a metabolically dormant form, which under appropriate
conditions can undergo germination and grow out to form a vegetative cell.
Spores produced within the cell are called endospores and the spores produced
external to cell are called exospores.

• Endospores are thick walled, highly refractile bodies that are produced (one
per cell) by Bacillus, Clostridium, Sporosarcina and few other genera. They are
generally formed at the end of the active growth or during stationary phase.
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They are extremely resistant to desiccation, staining, disinfecting chemicals,
radiation and heat.

• Exospores are formed external to the vegetative cell by budding at one end of
the cell in the methane oxidizing genus Methylosinus. They are desiccation and
heat resistant.

• Conidiospores and Sporangiospores: The bacteria, actinomycetes form
branching hyphae. From the tips of these hyphae spores develop singly or in
chains. If the spores are contained in an enclosing sac (sporangium), they are
termed sporangiospores, if not they are called conidiospores. The spores can
survive long periods of drying but they do not have high heat resistance.

• Cysts: Cysts are thick walled, desiccation resistant, dormant forms that
develop by differentiation of vegetative cells. Azotobacter and some other genera
produce cysts.

Differences in the cell wall of Gram positive and Gram negative eubacteria

CHARACTER GRAM POSITIVE GRAM NEGATIVE

1. Thickness Thicker wall (20 – 25 ɳm) Thinner (10-15 ɳm)
2. Layers A single thick. layer Two layers (a Peptidoglycan layer and

outer membrane).
3. Peptidoglycan Account for 50% dry

weight of cell wall
Only about 10% of cell wall.

4. 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.

5. Susceptibility to

(a) Penicillin More susceptible Less susceptible
(b) Mechanical

disintegration
Less susceptible More susceptible

********************************************************
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CHEMOAUTOTROPHY
• Chemoautotrophs can grow in a mineral medium, taking carbon from C02

and energy from the oxidation of inorganic compounds. Some of these
bacteria are capable of growing both Chemoorganotrophically and
chemoautotrophically i.e. they are facultative autotrophs. Example of these
types is Alcaligenes eutrophus. Other chemoautotrophic bacteria are obligate
in nature e.g. Thiobacillus, Nitrosomonas.

• Reaction which yield energy in chemoautotrophs are the oxidation of H2,
NH4+, NO3-, S and reduced-S compounds and Fe++. All these oxidations,
except H2 oxidation, couple electron transport to the cytochrome system and
NAD+ reduction occurs by energy dependent reverse electron flow.

• The assimilation of CO2 in these organisms occurs through the reaction of
the calvin cycle. When grown chemoautotrophically, cells contain high levels
of the 2 enzymes of this pathway namely carboxy dismutase,
phosphoribulokinase.

• Depending on the oxidisable organic substrate, the chemoautotrophic
bacteria is classified as: Nitrifying bacteria, sulfur oxidizing bacteria, H2
oxidizing bacteria, Iron oxidizing bacteria and carbon monoxide bacteria.

Importance of chemoautotrophs:
• Chemoautotrophs play an important role in oxidation of reduced N and S

compounds like NH3 and H2S to NO3 and SO4 respectively. Nitrates
sulphates are the utilized forms of nutrients for higher plants.

PHOTOAUTOTROPHY
• Photoautotrophy refers to an autotrophic mode of metabolism in which

organisms utilize light energy with the help of photosynthetic pigments and
convert it to chemical energy in the form of ATP (photophosphorylation).

• These organisms synthesize organic compounds from CO2, generally through
Calvin - Benson cycle. The 2 processes i.e generation of ATP by
photophosphorylation and CO2 fixation together constitutes photosynthesis.

• Cyanobacteria/BGA do photosynthesis & release O2 as by product. This type of
photosynthesis is known as oxygenic. However, other bacteria that contain
bacterio-chlorophyll and do photosynthesis but without O2 evolution
(Anoxygenic).

Photosynthesis includes two processes:
1. First process includes the reactions by which light energy is absorbed by the

photosynthetic pigments and transformed into chemical bond energy. These
reactions are photochemical in nature and are known as light reactions.

2. The second process include enzyme – catalyzed biochemical reactions involving
CO2 fixation in which light has no direct role. These reactions are called dark
reactions. 3. The products of light reactions are ATP and NADH2 or NADPH2.
These products are used in the dark reaction for synthesis of sugar or other
organic compounds from CO2.
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Classification of bacteria based on carbon, energy and electron sources
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Bacterial growth

Growth -Growth is the orderly increase in all of the components of an organism.

In the laboratory, under favorable conditions, a growing bacterial population doubles
at regular intervals. Growth of bacteria occurs by geometric progression: 1, 2, 4, 8, etc.
or 20, 21, 22, 23.........2n (where n = the number of generations). This is called
exponential growth which is observed during Log Phase. In reality, exponential
growth is only part of the bacterial life cycle, and not representative of the normal
pattern of growth of bacteria in Nature.

When a fresh medium is inoculated with a given number of cells, and the
population growth is monitored over a period of time, plotting the data will yield a
typical bacterial growth curve.

Fig. The typical bacterial growth curve.

When bacteria are grown in a closed system (also called a batch culture), like a test
tube, the population of cells almost always exhibits these growth dynamics

1. Lag Phase: Immediately after inoculation of the cells into fresh medium, the
population remains temporarily unchanged. Although there is no apparent cell
division occurring, the cells may be growing in volume or mass, synthesizing enzymes,
proteins, RNA, etc., and increasing in metabolic activity.

The length of the lag phase is apparently dependent on: size of the inoculum;
time necessary to recover from physical damage or shock in the transfer; time required
for synthesis of essential coenzymes or division factors; and time required for
synthesis of new (inducible) enzymes that are necessary to metabolize the substrates
present in the medium.

2. Exponential (log) Phase: The exponential phase of growth is a pattern of balanced
growth wherein all the cells are dividing regularly by binary fission, and are growing by
geometric progression. The cells divide at a constant rate depending upon the
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composition of the growth medium and the conditions of incubation. The rate of
exponential growth of a bacterial culture is expressed as generation time, also the
doubling time of the bacterial population. Generation time (G) is defined as the time
(t) per generation (n = number of generations). Hence, G=t/n is the equation from
which calculations of generation time is done.

3. Stationary Phase: Exponential growth cannot be continued forever in a batch
culture (e.g. a closed system such as a test tube or flask). Population growth is limited
by one of three factors: 1. exhaustion of available nutrients; 2. accumulation of
inhibitory metabolites or end products; 3. exhaustion of space, in this case called a
lack of "biological space". In this stage some cells are dying while some other may be
dividing. Bacteria that produce secondary metabolites, such as antibiotics, do so
during the stationary phase of the growth cycle (Secondary metabolites are defined as
metabolites produced after the active stage of growth). It is during the stationary
phase that spore-forming bacteria have to induce or unmask the activity of dozens of
genes that may be involved in sporulation process.

4. Death Phase: If incubation continues after the population reaches stationary phase,
a death phase follows, in which the viable cell population declines. (Note, if counting
by turbidimetric measurements or microscopic counts, the death phase cannot be
observed.). During the death phase, the number of viable cells decreases geometrically
(exponentially), essentially the reverse of growth during the log phase.

GROWTH RATE- Growth rate is the change in cell number or mass per unit time. It is
expressed as ‘R’ which is the reciprocal of generation time ‘g’. It can be defined as the slope of
the line when log of cells versus time is plotted (R = 1/g). Microbes generally respond linearly to
a limiting nutrient concentration in the medium, which forms the principle for microbiological
assays.

 Generation Time- generation time is the time interval required for the
cells (or population) to divide.

G (generation time) = (time, in minutes or hours)/n(number of generations)
G = t/n
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Factors affecting microbial growth

Sr.
No

Factor Type of organisms Characteristics

1 Temperature Psychrophile “Cold-loving”.  Can grow at 0oC
Mesophile Best growth between 25 to 40oC.Optimum temperature commonly37oC
Thermophiles Optimum growth between 50 to 60oCMany cannot grow below 45oC.
Extreme
Thermophiles
(Hyperthermophiles)

Optimum growth at 80oC or higher
2 pH Acidophiles Grow at very low pH (0.1 to 5.4)

Neutrophiles Grow at pH 5.4 to 8.5
Alkaliphiles Grow at alkaline or high pH (7 to 12or higher)

3 Osmotic pressure Halophiles Require 3.5 % salt concentration

Extreme or Obligate
Halophiles

Require 20 to 30% salt concentration
4 Oxygen Aerobes Require oxygen to live

Anaerobes Do not require oxygen and may evenbe killed by exposure
Facultative aerobe can live with or without oxygen
Aero tolerant
anaerobes

can tolerate oxygen and grow in itspresence even though they cannotuse it
Microaerophile can use oxygen only when it ispresent at levels reduced from that inair

********************************************************
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BACTERIAL GENETICS

 Genetics is the study of the inheritance (heredity) and the variability of the
characteristics of an organism.

 Genotype: The genetic makeup of an individual. The information that codes
for that organism’s genetic characteristics. Collection of an individual’s
genes.

 Phenotype: Expressed properties of an individual. An individual’s
phenotype is a function of the genotype (and environment). Collection of an
individual‘s proteins or gene products.

Gene expression
 The expression of gene involves three well recognized processes namely,

replication, transcription and translation.
 DNA codes for RNA and proteins products. The flow of genetic information is

DNA to RNA (via trancription) and RNA to protein (via translation).
 DNA only has 4 different nucleotides; while proteins have 20 different amino

acids.

Central Dogma:    DNA ↔RNA→Protein

DNA Replication: In molecular biology the production of a strand of DNA from the
original strand is known as replication.

 Double stranded DNA on unwinding will be converted into two single
strands.

 Each strand serves as a template for the synthesis of a new complementary
chain, thus forming two new helices.

RNA Synthesis (Transcription)
 There are three types of RNA in bacterial cells:

1) mRNA: Messenger RNA, carries information for protein synthesis;

2) rRNA: Ribosomal RNA, forms part of ribosome and

3) tRNA: Transfer RNA, carries amino acids to growing protein during translation.

 The process in which a complementary single stranded mRNA is synthesized
from one of the DNA strands is called transcription.

 The synthesis of polynucleotide chain of mRNA is catalyzed by the enzyme RNA
polymerase and the activated ribonucleotides are the substrates for this
enzyme.

Protein Synthesis (Translation)
 Translation is the next step in gene expression. It is the process in which the

genetic information now present in the mRNA molecule directs protein
synthesis.
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 mRNA is read in codons or nucleotide triplets. The four bases, the number of
sequences of triplets is 43 or 64 (4n).

 These base triplets, each of which specifies a particular amino acid, constitute
the genetic code.

 There are 64 possible codons for 20 amino acids.

 Here, AUG act as start codon, which codes for amino acid Methionine. While;
UAA, UGA and UAG act as stop codons.

 Translation occurs on the ribosome, which is made up of two subunits, large
(50s) and small (30s).

 tRNA molecules have an anticodon, which recognizes codons. They carry
specific amino acids to the growing protein chain.

GENETIC RECOMBINATION
 Genetic Recombination is a process by which genetic elements from two

separate sources are brought together in a single unit.
 Three kinds of genetic recombination in bacteria:

(1) Transformation is transfer of cell-free or naked DNA from one cell to another.
(2) Conjugation is transfer of genes between cells that are in physical contact with
one another.
(3) Transduction is 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).

• The recipient cell thus becomes a merozygote, a zygote that is partially
diploid. Once merozygote transformation has occurred, recombination can
take place.

Transformation:

 It is a process in which free DNA is taken up by a cell, resulting in a
genotypic change in the recipient.

 It was the first mechanisms of bacterial genetic exchange to be discovered.

 In 1928, Frederick Griffith made a series of experiments with laboratory
mice and two strains of pneumonia causing bacterium, Diplococcus
pneumoniae.

 This bacterium has two types of strains. One type has Smooth (S)
capsulated cell, whereas another type has Rough (R) non-capsulated
cells.

 The disease is caused by smooth type of cells only, i.e. smooth-type cells are
pathogenic (virulent), whereas rough type of cells are harmless on non-
pathogenic (avirulent).
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 Griffith found that injection of mice with an avirulent strain of
Streptococcus pneumoniae together with heat-killed cells of a virulent
strain separately caused no disease.

 On autopsy (examination of tissue of dead mice), these mice were found to
contain live virulent cells of S. pneumoniae.

 However, when live, harmless (rough type) cells were injected in the body of
mice, the animal remained healthy.

 The injection of dead, pathogenic (smooth-type) cells into the body of mice
also did not cause any disease.

 These and subsequent experiments established that surviving cells were
recombinant; they exhibited certain properties (including virulence) that
were typical of the killed cells and others that were typical of the avirulent
culture.

 Thus, a genetic exchange had occurred between the dead cells and the live
ones.

 Genes are transferred from one bacterial cell to another in the form of naked
DNA.

 Initial work done in 1928 by Frederick Griffith on two strains of
Streptococcus pneumoniae.

 Smooth strain: Caused disease due to capsule.

 Rough strain: Did not cause disease.

 Experiments with heat killed smooth bacteria and live rough bacteria,
demonstrated the presence of a transforming factor.

 The “Transforming Principle” was purified and indentified as DNA by O.T.
Avery, H. Macleoid and M. Mc Carty in 1944.

 They defined DNA as the chemical substance responsible for heredity.

 Indeed, these experiments were the first to establish in any biological system
that DNA is the macromolecule in which genetic information is encoded.

 The word Transformation then came to be used to describe genetic exchange
among Prokaryotes that was mediated by DNA.

 In 1944, Avery and others demonstrated that transforming material was
indeed DNA.

 This was important in establishing that genetic material was DNA.

 Thus, Transformation is the process whereby cell-free or naked DNA
containing a limited amount of genetic information is transferred from one
bacterial cell to another.



25

Conjugation

• Genetic recombination in which there is a transfer of DNA from a living donor
bacterium to a recipient bacterium.

• Often involves a sex pilus.
• Conjugation in bacteria is a mechanism for gene transfer that requires cell-to-

cell contact.
• In 1946, J. Lederberg and E.L.Tatum discovered a genetic exchange occurring

between certain strains of E.coli that eventually proved to be different from
transformation in respect of :

 exchange of genetic material in conjugation is dependent on direct contact
between cells. However, in transformation, it occurred even if DNA was present
in the medium.

 It is polarized i.e. certain strains designated as F+ (Fertility Plus) always acted
as Donors (Males) and others designated as F- (Fertility minus) always acted as
Recipients (Females).
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• In Gram-negative bacteria, a sex pilus produced by the donor bacterium
binds to the recipient. The sex pilus then retracts, bringing the two bacteria
in contact.

• In Gram-positive bacteria, sticky surface molecules are produced which
bring the two bacteria into contact.

• DNA is then transferred from the donor to the recipient.

• The process was termed conjugation.

• F+ strains contain a plasmid (termed the F plasmid or F factor) that carries
all the genes that encode conjugative genetic transfer.

• Indeed, the F plasmid is not known to encode any additional function other
than this one and its own replication.

• F- factors are double standard loops of DNA in the cytoplasm of F+ cells
apart from the bacterial chromosome.

• When F+ and F- cells are mixed together, the F+ cells attach to the F- cells
by means of sex pili. (F- factors contain genes coding for the synthesis of sex
pili).

• During conjugation, the F factor is duplicated and the new copy is
transferred across an intercellular bridge from the F+ to the F- cell.

• This converts the F- cell into an F+ cell.

• Once an F+, it is capable of transferring its F+ factor to another F- cell.

• F factor is a plasmid, separate from the bacterial chromosome. When an F
factor is transferred, the bacterial chromosome of the F+ cell is not passed
to the F- cell. Thus, in this event no recombinants are produced.
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• Some male cells have the F factor integrated into their chromosome; they
are called Hfr (High Frequency of Recombination) cells.

• During conjugation between an Hfr and F- cell, the chromosome of the Hfr
cell replicates and the new copy of the chromosome is transferred to the
recipient cell.

• Only Hfr cells can transfer their chromosomes.

• Replication of the Hfr chromosome being within the F factor and a small
piece of the F factor leads the chromosomal genes into the F- cells.

• Most of the integrated F factor enters the recipient cell in the last, if at all.

Usually, the chromosome breaks before it is completely transferred.

Transduction
 Transduction is the transfer of fragments of DNA from one bacterium to

another bacterium by a bacteriophage. OR
 This is a process in which bacterial DNA is transferred from one cell to

another with the help of a virus.
 The process was discovered in 1952 by N. Zinder and J. Lederberg, whose

experiments were designed to demonstrate that transfer of genetic material
between the strains of Salmonella (does not require cell-to-cell contact).

 Transduction may be generalized or specialized.
 Many genes for toxins are transferred by specialized transduction:
 E. coli O157:H7: Shiga-like toxin.
 Corynebacterium diphtheriae: Diphtheria toxin.
 Streptococcus pyogenes: Erythrogenic toxin.

 Recombination by this method requires a bacteriophage as a carrying agent
(vector) to carry genes from one bacterium to another.

 In this case, the DNA is not passed naked, as in transformed or during cell-
to-cell contact, as in conjugation.

 Rather, it is passed inside a bacterial virus (bacteriophage) from the donor
to the recipient.

 Two types of transducing particles, and therefore, two types transduction
exist.

 One of these is termed as Generalized or Non-specialized Transduction,
because it mediates the exchange of any bacterial gene.

 The other is termed Restricted or Specialized Transduction because it
mediates the exchange of only a limited number of specific genes.
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PLASMIDS

 It is an ―Extra-chromosomal piece of DNA that can replicate independently
within a bacterial cell‖.

 Lederberg (1952) first to use the term Plasmids for extra-cellular and
autonomous reproducing genetic structure.

 Morphologically they are circular, double stranded molecules of DNA that
exist independently of chromosomal DNA in bacterial cell.

 They are capable of undergoing independent replication via rolling circle
model or theta model of DNA replication.

 Plasmids are circular double stranded DNA molecules that appear as super-
helical coil in morphology.

 Each super-helical turn usually consist of 400-600 base pairs.
 pBR 322, pUC, Yest, Yeast episomal plasmids (YEps), Yeast integrating

plasmids (YIps), Ti plasmids are widely used as vector in genetic
engineering.

Types of Plasmids
There are two types of plasmids according to their function.
1. Conjugative plasmids: It carries genes that promote the transfer of plasmids
from host cell to recipient cell by conjugation.
 Fertility-F-plasmids which contain tra-genes. They are capable of

conjugation.
 Ti plasmid of Agrobacterium.
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2. Non- Conjugative plasmids: It carries genes that cannot promote the transfer of
plasmids from host cell to recipient cell by conjugation.
 Resistance-(R) plasmids, which contain genes that can build a resistance

against antibiotics or toxins.
 Col-plasmids, which contain genes that code for colicines proteins that can

kill other bacteria.
 Degradative plasmids, which enable the digestion of unusual substances,

e.g., toluene or salicylic acid.
 Virulence plasmids, which turn the bacterium into a pathogen.

Important Characteristics of naturally occurring plasmids
 They can replicate independently of the main chromosome.
 They are species specific to one or few species of bacteria.
 They can undergo reversible integration into bacterial chromosome.
 A few plasmid can pickup and transfer chromosomal gene.
 They usually contain up to 40 genes.
 They do not occur free in nature.

Episoms
 The plasmids that remains attached to the bacterial chromosome and can

integrate into or out of the main chromosome, designated as ―episomes.
 Often it is not possible to differentiate between plasmids and episomes and

the two terms are mostly synonymously used.

********************************************************
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Transposons

 A transposable element (transposon) is a DNA sequence that can change its
position within a genome, sometimes creating or reversing mutations and
altering the cell's genetic identity and genome size. Transposition often
results in duplication of the transposable element (TE). Barbara
McClintock's discovery of these jumping genes earned her a Nobel Prize in
1983.

 Transposons in bacteria usually carry an additional gene for functions other
than transposition, often for antibiotic resistance. In bacteria, transposons
can jump from chromosomal DNA to plasmid DNA and back, allowing for
the transfer and permanent addition of genes such as those encoding
antibiotic resistance (multi-antibiotic resistant bacterial strains can be
generated in this way). Bacterial transposons of this type belong to the Tn
family. When the transposable elements lack additional genes, they are
known as insertion sequences.

General characteristics of TE
 They were found to be DNA sequences that code for enzymes, which bring

about the insertion of an identical copy of themselves into a new DNA site.
 Transposition events involve both recombination and replication processes

which frequently generate two daughter copies of the original transposable
elements.

 One copy remains at the parent site and another appears at the target site.
 A transposable element is not a replicon. Thus, It cannot replicate apart

from the host chromosome.

Transposable elements in Bacteria
There are three main types: (1) insertion sequences or IS elements, (2)
composite transposons, and (3) Tn3 elements.
(1) IS Elements: IS elements are compactly organised. Typically, they consist of

fewer than 2500 nucleotide pairs and contain only genes whose product is
involved in promoting or regulating transposition.

(2) Composite Transposons: Composite transposons, which are bacterial cut-and-
paste transposons denoted by the symbol Tn, are created when two IS elements
insert near each other.

(3) Tn3 Elements: The elements in this group of transposons are larger than the IS
elements and usually contain genes that are not necessary for transposition.

********************************************************
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Role of microbes in soil fertility and crop production: Carbon, Nitrogen,
Phosphorus and sulphur cycles.

1. CARBON CYCLE

 Carbon is the basic constituent of all organic compounds.
 The ultimate source of organic carbon compound in nature is the carbon

dioxide present in the atmosphere and in dissolved state in the water on the
earth.

 Green plants, certain bacteria and algae use CO2 through photosynthesis in
the presence of sunlight, to form carbohydrates, simple fats and
polysaccharides in plants which are utilized and digested by animals.

 Flesh eating animals (carnivores) feed on herbivores and the carbon
compounds are again digested and converted into the other forms.

 Once the atmospheric carbon is fixed by photoautotrophs, it becomes non-
available for the generation of new plant life.

 Therefore, it is essential for the carbonaceous materials to be decomposed
and returned the atmosphere, otherwise the stock of carbon in nature would
be exhausted.

 The return of carbon is brought about through the decomposition organic
carbon in nature.

 Some carbon is also released to the atmosphere as CO2 in respiration and
combustion of both plants and animals.

 The soil microorganisms play an important role in completing the cycle.
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 They convert organic matter into body substances, liberate CO2 and water,
increase and concentrate the nitrogen content, and bring down the ratio
between carbon and nitrogen in the soil. This improves soil fertility.

 The released CO2 goes back to complete the cycle and this ensures that
there is no major lock-up in organic tissues on earth.

Degradation of organic carbon compounds
 Organic carbon compounds added to the soil are degraded by

microorganisms and the CO2 generated in the process is released into the
atmosphere.

 The process involves the metabolic activities of many kinds of
microorganisms such as fungi and bacteria.

 These organisms consume organic materials for the synthesis of their cell
constituents and release CO2 through respiration.

 The most abundant organic material in plants is cellulose. It is readily
attacked by many species of bacteria and fungi.

 The initial enzymatic attack is by cellulose which splits cellulose to
cellobiose. In turn, the Cellobiose is split to glucose and is metabolized by
many microorganisms, complete oxidation yields CO2 and H2O.

 The process can be summarized as follows:

Fig.: Degradation of cellulose

Similar degradation pathways occur for other major substances such as protein,
hemicellulose, lignin, pectin etc. All of these transformations may occur in soil.

Role of microorganisms in carbon cycle
1. Microorganisms degrading cellulose
 Bacteria: Species of Cellulomonas, Cytophaga, Bacillus, Clostridium,

Pseudomonas, Streptomyces etc.
 Fungi: Species of Trichoderma, Chaetomonium, Aspergillus, Penicillium etc.

2. Microorganisms degrading hemicellulose
 Bacteria: Species of Bacillus, Pseudomonas, Cytophaga, Streptomyces,

Actinomyces etc.
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 Fungi: Species of Chaetomonium, Aspergillus, Penicillium etc.
3. Microorganisms degrading lignin
 Bacteria: Species of Pseudomonas, Micrococcus, Flavobacterium, Arthobacter,
 Fungi: Species of Polyporus, Poria, Trametes, Mycena, Clavaria, Aspergillus,

Phanerochaete

NITROGEN CYCLE

 In atmosphere, 78% nitrogen is present.
 Less then 0.1% of this N is fixed.
 Through rainwater trace N is dissolved and added in soil. In process of

lightning N2 + O2 combine to form nitrous and nitric acids.


 Nitrogen demand of plant is very high, so nitrogenous fertilizers are required

to be added to soil.
 Due to symbiotic N-fixation 10-500 kg N/ha/year is fixed in soil.
 Due to non-symbiotic process N-fixed in soil ranges between 50-150

kg/year/ha.

Steps of Nitrogen Cycle:
1. Proteolysis /decomposition of protein
2. Ammonification
3. Nitrification
4. Denitrification
5. Nitrogen fixation

1) Proteolysis/Decomposition/ Hydrolysis of Proteins
 In the first stage, proteinase break down the large molecules of proteins into

smaller units of polypeptides.
 In the 2nd stages, polypeptides are broken down further into tripeptides and

dipeptide and then in to free amino acid by the enzyme peptidases.
 It involves decomposition of protein into amino acids by microbes

(Clostridium histolytiacum, C. sporogenes, Proteus, Pseudomonas, Bacillus).
 Protein is made up of amino acids and linked together by peptide bond.
 Protein content of plant residue like paddy straw is < 1% while legume

contains about 20% protein.
 Animal residues and organic manures contain large amount of protein.



35

Fig.: N-Cycle

Fig.: Proteolysis

Amino acids utilized by:
 Soil Microorganisms
 Plants with the help of mycorrhiza.
 Converted into ammonia (NH3) gas. This process is called Ammonification

2) Ammonification
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 It is process by which Amino acids are converted into ammonia with the
help of microorganisms.

 Bacteria are relatively more active than other organisms.
 Spore-forming bacteria Pseudomonads, Actinomycetes and fungi seem to

readily attack amino acids in soil.
 However, in acid soils, fungi are more important agents of ammonification

than bacteria.
 Amino acids are broken down by oxidative deamination by aerobic micro

organisms.

 Bacteria breakdown complex nitrogenous substances to obtain energy, and
in this process NH3 is released.

Many organisms utilize urea to liberate ammonia

 Microorganisms like Bacillus, Proteus, Micrococcus, Sarcina, Aerobacter, etc
are known to quickly convert urea to ammonium carbonate and then to
ammonia.

3). Nitrification
 Microorganisms convert ammonia to nitrate, the process is called

nitrification.
 It occurs in two steps, each step preformed by a different group of bacteria.

 Decomposition of organic matter in soil results in increased concentration of
nitrate in soil.

 Nitrification was discovered to be a biological process by Schloesing and A
Muntz in 1877.

 This was further confirmed by R. Warrington 1886, who showed that special
bacteria are involved in this process.
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 S. Winogradsky (1888-91) isolated & brought out important characteristics
of bacteria. Which are capable to oxidize ammonia to obtain energy, just like
photosynthesis in plants.

 Instead of light as a source of energy, chemical oxidation may provide
energy to microorganisms.

 Organisms responsible for conversion of NH3 to NO2

1. Ammonium oxidation - (NH3 to NO2 )
Nitrosomonas Spp.; Nitrosovibrio tenuis; N. europaea;  N. briensis and

Nitrosococcus nitrosus.
2. Nitrite oxidation : Convert nitrite to nitrate (NO2 to NO3)

Nitrobacter winograsdsky and Nitrospira gracilis
4. Denitrification
 This is reverse process of nitrification i.e. nitrate is reduced to nitrites and

then to nitrogen gas and ammonia.
 This process is harmful at the view point of agriculture because it reduces

soil fertility.
 Some aerobic organisms, Pseudomonas denitrificans, also reduce nitrate

under certain conditions.
 The presence of denitrifying bacteria in the soil is sufficient.
 The enzyme required is nitrate reductase or nitratase. This enzyme is found

in bacteria viz. E. coli, P. aeruginosa, Micrococcus denitrificans.
 Denitrification may result in the formation of gaseous nitrogen.

 This is an undesirable process as it results in loss of nitrogen from the soil
and hence a decline in nutrients for plant growth.

5. Nitrogen fixation
 In this biological process, atmospheric nitrogen utilized by nitrogen fixing

bacteria with the help of nitrogenase enzyme and converts to ammonia,
readily utilizable form of nitrogen by plants.

 Symbiotic, non symbiotic and associative symbiotic nitrogen fixing bacteria
plays an important role in this process.

 Symbiotic nitrogen fixation: Carried out by Rhizobium with leguminous
plants.

 Non-symbiotic nitrogen fixation: by Azotobacter directly into soil.
 Associative nitrogen fixation: by Azospirillum with roots of grass.

********************************************************
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BIOLOGICAL NITROGEN FIXATION

A number of microorganisms are able to use molecular nitrogen in the atmosphere
as their source of nitrogen". The conversion of molecular nitrogen into
ammonia is known as nitrogen fixation

 Nitrogen fixation is generally divided into two types: Symbiotic and non-
symbiotic  nitrogen Fixation.

 Two group of microorganisms :
(1 ) Symbiotic: Microorganisms those living in roots of plants
(2) Non Symbiotic : Microorganisms those living freely and independently in the
soil
 Symbiotic N2 fixation :
• Nodulation & Symbiotic nitrogen fixation is carried out by Rhizobium group of

bacteria in association with a particular group of leguminous plants. On the
basis of the specificity of symbiotic interaction and morphological differences
in the bacterium, seven different species of Rhizobium have been identified,
which is referred to as cross-inoculation groups.

Cross inoculation groups of Rhizobium
Sr.
No.

Cross inoculation
group

Rhizobium spp. Host it can nodulate

1 Alfalfa group R. meliloti Alfalfa and melilotus
2 Clover group R. trifoli Trifolium
3 Pea group R. leguminosarum Pisum, Victa, Lathyras
4 Bean group R. phaseoli Phaseolus (Bean)
5 Lupine group R. lupine Luines
6 Soybean group R. japonicum Glycine
7 Cowpea Rhizobium spp. Vigna, Arachis, Cajanus,

Dolichos

 Approximate quantities of N2 fixed by different symbiotic bacteria range
from 10 to 500 kg/ha/year.

 Certain Rhizobium form stem nodules in legumes like Sesbania rostrata as
observed by Dreyfus et. al, in 1985. It has capacity to fix nitrogen as high as
150 kg/ha in 52 days. It is named recently as Azorhizobium caulinodans.

Non-Symbiotic Nitrogen Fixation :
 Nitrogenase, the key enzyme in nitrogen fixation, has been isolated from

several freeliving nitrogen fixing microorganisms viz. Clostridium,
Azotobacter, Rhodospirillum, Anabaena.
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 It has been estimated that the amount of N2 fixed by the non-symbiotic
process

Associative N2 Fixation :
• Azospirillum is associated with the roots of grasses and is capable of fixing

atmospheric nitrogen.
• The blue-green algae Anabaena azollae are symbiotically associated with the

water fern Azolla. Azolla is used as green compost for rice cultivation A.
azollae is capable to fix atmospheric nitrogen. ranges between 20 and 50
lbs/acre/year.

The essential reactants in the bacterial nitrogen fixation process are :
1. Components I & II
2. A strong reducing agent,
3. ATP molecules,
4. A regulating system for NH3 production and utilization,
5. A system that protects the N2 fixing system from inhibition by O2.

The overall biochemical reaction for nitrogen fixation can be expressed as:

The enzyme nitrogenase is very sensitive to oxygen and get deactivated in
presence of oxygen, so each of the nitrogen fixing organisms have evolved
specialized mechanisms to protect their nitrogenase from oxygen deactivation

Name of the organism Mechanism to prevent deactivation of nitrogenase
Azotobacter High respiration rate
Azospirillum Microaerophilic nature
Acetobacter Endophytic colonization
Rhizobium Leghaemoglobin

PHOSPHORUS CYCLE

Phosphorus is never found in the free state in nature, because contact with air
causes combination with oxygen. It is found abundantly as calcium, phosphate in
many minerals.

 P2O5 (phosphate) constitute nearly 0.1% of earth crust.

 Rock phosphate are present in parent rocks. It occur in soil in inorganic &
organic forms.In cultivated soil, they are present in about 1100 kg/ha but
most of them are not available to plants.

 Only about 1% of the total soil phosphorus is in available form.
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 Therefore when phosphates are applied as fertilizers, they are utilized more
by the plants than the soil phosphates.

Fig.: P-CYCLE

 The residue of man, animals, plants, birds etc  contain several phosphates.
When they reach the soil, they are acted upon by several microorganisms,
break-down the phosphorus containing compounds with the liberation of
mineral elements like Ca, Fe, Na and this process is known as
Mineralization.

 On the death of the bacteria, the phosphate is made available for plants.

 Inoculation of organic compost with Phosphate Solubilizing Bacillus (PSB)
and  nitrogen fixing Azotobacter chrococcum help in improving the quality of
manure by reducing the C:N ratio from 15 to 12 and substantially improving
the available phosphate.

 The activity of microorganisms in phosphate solubilization influenced by
various soil factors viz. pH, moisture & aeration.

(1) Both organic and inorganic phosphorus occur in soil.

 The inorganic forms of phosphorus are compounds of Ca, Fe, and Al.

 The organic phosphorus containing compounds are derived from plants and
microorganisms and are composed of nucleic acids, phospholipids and
phytin.

 Organic matter derived from dead and decaying plant debris is rich in
inorganic sources of phosphorus.

(2) The deficiency of phosphorus may occur in crop plants growing on soils
containing adequate phosphates.
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 This may be partly due to the fact that plants are able to absorb phosphorus
only in an available form.

 Soil phosphates are rendered available either by plant roots or by soil
microorganisms through secretion of organic acids.

 Therefore, phosphate dissolving soil microorganisms play some role in
correcting phosphorus deficiency of crop plants.

 They may also release soluble inorganic phosphates (H2PO4) into soil
through decomposition or phosphate rich organic compounds.

 On the other hand, certain microorganisms, through assimilation, may
immobilize available phosphates in their cellular material.

 Such immobilization process in soil may also contribute to phosphorus
deficiency to crop plants.

(3) Solubilization of phosphates by plant roots and microorganisms is depended on
soil pH.

 In neutral or alkaline soils having a high content of calcium, precipitation of
calcium phosphates takes place.

 Microorganisms and plants roots readily dissolve such phosphates and
render them easily available to plants.

 On the contrary, acid soils are generally poor in calcium ions there fore,
phosphates are precipitated in the form of ferric or aluminium compounds
which are not so easily amenable to solubilization by plant roots or by soil
microorganisms.

 If such conditions prevail in acid soils, deficiency of phosphorus in plant
may also occur.

P-deficiency in soil can be corrected by inoculating seed or soil with phosphate
dissolving  microorganisms along with phosphatic fertilizers.

(4) Labeled phosphates (32P) test : it is used to test the phosphate solubilizing
property of soil microorganisms and also to find out the extent of phosphorus
uptake by the plant.

 Such experiments have been done in sterilized and unsterilized soils using
tri-calcium and rock phosphates, apatite and bone meal.

 The results seed to be inclusive since several contradictory report have been
made on this aspect.

 Many fungi ( Aspergillus, Penicillium ) and bacteria ( Bacillus and
Pseudomonas) are potential solubilizers of bound phosphates ( PO4

unavailable form ).

 Phosphate dissolving bacteria and fungi are known to reduce the pH of the
substrate by secretion of a number of organic acids such as formic, acetic,
propionic, lactic, gluconic, fumaric and succinic acids.

 These acids (Hydroxy acids) may form chelates with cations such as Ca and
Fe, and results in effective solubilization of phosphates.

 The application of sulphur coupled with Thiobacilli ( Phosphomin biofertilizer)
has also the potential rendering alkali soil fit for cultivation of crops.
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 The formation of H2SO4 in soil following additions of elemental sulfur
augments nutrient mobilization by increasing the level of soluble
phosphates of potassium, calcium, manganese, aluminum and magnesium.

 The solubility of phosphorus is called the mobilization of phosphoric acid.

 Mobilization of inorganic phosphorus is brought about by many
microorganisms.

 Species of Pseudomonas, Mycobacterium, Micrococcus, Flavobacterium,
Penicillium, Sclerotium, Aspergillus and others are active in the conversion.

SULPHUR CYCLE

Sulphur is present in different forms :

 Trace in air
 In industrial area, atmosphere contains high amount of sulfur, due to

burning of coal.
 Sulfur in air, reaches the soil through rainwater.
 Sulfur and H2S abundantly coming out from volcanoes.
 Sulfur is present in some springs.

Plants utilize Sulfur  in the dissolved from as sulfate.

Cruciferous plants require up to 40 kg S/ha

Cereals requires < 10 kg S/ha.

The bacteria capable of oxidizing in organic sulphur compounds may be aerobic or
anaerobic. Thiobacillus, Thiorix, Thioploca, Beggiatoa

Fig.:   S-CYCLE

Some of the Biochemical changes by micro-organisms involved in this cycle are as
follows:
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1. Elemental sulfur can not be utilized by plants or animal. Bacteria, Thiobacillus
thiooxidans is capable of oxidizing sulphur to sulphates :

The reaction is : 2S + 2H2O + 3O2 2H2SO4

2. Sulfate is assimilated by plants and is incorporated into sulfur-containing
amino acids and then into proteins. Degradation of protein (Proteolysis)
librate amino acids, some of which contain sulfur is released from the amino
acids by enzymatic activity of many bacteria.

3. Sulfates may also be reduced to H2S by soil microorganisms. The bacterium
involved is Disulfotomaculum.

4. H2S resulting from sulfate reduction and amino acid decomposition is oxidized
to elemental sulfur. This reaction is characteristics of some pigmented sulfur
bacteria :

The H2S may be photosynthetically utilized and elemental sulfur may be released.

 The sulfates and sulphuric acid, when dissolved in water, are made available
for plant growth.

 The plants utilize sulfates to form various amino acids, hormones, growth
factors, etc. They are either eaten away by animals or returned to soil as
organic waste.

 The plant parts eaten by the animals are also in some form or other returned
to the soil.

 When various complex organic sulfur compounds reach the soil, they are
attacked by the soil organisms and the cycle of events continues.

********************************************************
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Azolla

Azolla is a genus of aquatic ferns in the family Salviniaceae. Azolla is a tiny
water fern common in ponds, ditches and rice fields. It has been used as a bio-
fertiliser for rice in all major rice growing countries including India, Thailand,
Korea, Philippines, Brazil and West Africa. The nitrogen accumulated in the Azolla
is made available to the rice crop when the fern decomposes. The alga inhabits
some of the cells on the underside of the Azolla frond and fixes atmospheric
nitrogen. They form a symbiotic relationship with the
cyanobacterium/BGA Anabaena azollae, which fixes atmospheric nitrogen, giving
the plant access to the essential nutrient.

It is dependent on the fern for photosynthates which supply the energy for
nitrogen fixation. In addition to nitrogen, the decomposed Azolla also provides K,
P, Zn and Fe to the crop. It also controls aquatic weeds which would otherwise
compete with the crop for nutrients.

Azolla is a highly productive plant. It doubles its biomass in 3–10 days, depending
on conditions, and yield can reach 8–10 tonnes fresh matter/ha in Asian rice
fields.

The species of Azolla are: A. filiculoides, A. Mexicana, A. caroliniana, Azolla
microphylla, Azolla nilotica, Azolla pinnata

Why use Azolla in rice?
Azolla in association with blue-green alga anabaena can fix atmospheric

Nitrogen (N) into ammonia which can be utilized by rice plant when it is
incorporated into soil. Azolla contains from 2−5% N, 0.3−6.0% Potassium (K) (dry
weight).
********************************************************
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Blue Green Algae (BGA)/Cyanobacteria

 BGA is also known as Cyanophyta, is a phylum of bacteria that obtain their
energy through photosynthesis,[4] and are the only
photosynthetic prokaryotes able to produce oxygen. The name "cyanobacteria"
comes from the color of the bacteria. Cyanobacteria (which are prokaryotes)
used to be called "blue-green algae". They have been renamed 'cyanobacteria'
in order to avoid the term "algae", which are eukaryotes.

 Like other prokaryotes, cyanobacteria have no membrane-sheathed organelles.
Photosynthesis is performed in distinctive folds in the outer membrane of the
cell (unlike green plants which use chloroplasts for this purpose).

 By producing and releasing oxygen (as a byproduct of photosynthesis),
cyanobacteria are thought to have converted the early oxygen-poor, reducing
atmosphere, into an oxidizing one.

 Cyanobacteria are a group of photosynthetic, nitrogen fixing bacteria that live
in a wide variety of moist soils and water either freely or in a symbiotic
relationship with plants or lichen-forming fungi.[

 They range from unicellular to filamentous and include colonial species.
Colonies may form filaments, sheets, or even hollow spheres. Some
filamentous species can differentiate into several
different cell types: vegetative cells -- the normal, photosynthetic cells that
are formed under favorable growing conditions; akinetes -- climate-resistant
spores that may form when environmental conditions become harsh; and
thick-walled heterocysts -- which contain the enzyme nitrogenase, vital
for nitrogen fixation.

Nitrogen fixation
Cyanobacteria can fix atmospheric nitrogen in anaerobic conditions by means of
specialized cells called heterocysts. Heterocysts may also form under the
appropriate environmental conditions (anoxic) when fixed nitrogen is scarce.
Heterocyst-forming species are specialized for nitrogen fixation and are able to fix
nitrogen gas into ammonia (NH3) and which in turn may convert
to nitrates (NO−3), which can be absorbed by plants and converted to protein and
nucleic acids (atmospheric nitrogen is not bioavailable to plants, except for those
having endosymbiotic nitrogen-fixing bacteria, especially the Fabaceae family,
among others).

Free-living cyanobacteria are present in the water of rice paddies.Cyanobacteria
such asAnabaena (a symbiont of the aquatic fern Azolla), can provide rice
plantations with biofertilizer.

Carbon fixation
Cyanobacteria use the energy of sunlight to drive photosynthesis, a process where
the energy of light is used to synthesize organic compounds from carbon dioxide.
Because they are aquatic organisms, they typically employ several strategies which
are collectively known as a "carbon concentrating mechanism" to aid in the
acquisition of inorganic carbon (CO2 or bicarbonate). Among the more specific
strategies is the widespread prevalence of the bacterial microcompartments known
as carboxysomes. These icosahedral structures are believed to tether the CO2-
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fixing enzyme, RuBisCO, to the interior of the shell, as well as the enzyme carbonic
anhydrase, using the paradigm of metabolic channeling to enhance the local
CO2 concentrations and thus increase the efficiency of the RuBisCO enzyme.

Heterocysts
These are specialized nitrogen-fixing cells formed during nitrogen starvation by
some filamentous cyanobacteria, such as Nostoc, Cylindrospermum,
and Anabaena . They fix nitrogen from dinitrogen (N2) in the air using
the enzyme nitrogenase, in order to provide the cells in the filament with nitrogen
for biosynthesis. Nitrogenase is inactivated by oxygen, so the heterocyst must
create a microanaerobic environment. The heterocysts possess a unique structure
and physiology .

********************************************************
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Mycorrhiza

 Some non-pathogenic fungi help in plant growth by forming associations with
the host plant roots called mycorrhizae (myca- fungi, rhiza -root). Some
examples of such fungi are Trichoderma, Gigaspora, Glomus, etc.

 One group of mycorrhizae forms a sheath around the fine lateral roots and
replaces the root hairs by dichotomous branching of the fungal hyphae. They
are called ectomycorrhizae because they do not traverse intracellularly. The
ectomycorrhizae help the plant by Solubilizing nutrients near the plant roots
and making it easy for the plants to feed. They also prevent the roots from
being attacked by nematodes (by entangling them).

 Another group called the endomycorrhizae penetrate the roots and establish
symbiotic relation with the plants.

The fungi help the roots in obtaining inorganic nutrients while obtaining essential
organic nutrients from the host.

There is yet another group called ect-endomycorrhiza or vesiculararbuscular
mycorrhiza (VAM fungi) wherein they are partly outside the host roots and partly
intracellular.

Vesicular Arbuscular Mycorrhiza (VAM)
VAM is the symbiotic association between plant roots and soil fungus.

Suitable for: Turmeric, Banana, Rubber, Coffee, Tea, Pepper, Cardamom, Cocoa,
Fruit trees, Tree seedlings and species etc.

Advantage of VAM:
(a) VAM is highly versatile and colonizes 85% of the plant families. It penetrates

the roots, forms arbuscules and vesicles in the cortical cells of the roots and
hyphae and spores in the soil.

(b) VAM plays a great role in inducing plant growth.
(c) The mychorrhiza penetrates the roots, mobilizes & supplies phosphorus and

other micronutrients such as zinc, Manganese, iron, copper, Cobalt,
Molybdenum etc. from the surrounding area to the plant.

(d) Increases the plant vigor by inducing drought resistance of young seedlings
(e) Mycorrhizae increase the resistance to root borne or soil borne pathogens and

Nematodes.
(f) Enhanced colonization of introduced population of beneficial soil organisms

like Azotobacter, Azospirillum, Rhizobium and Phosphate Solubilizing Bacteria
around mycorrhizal roots thereby, exerting synergistic effects on plant growth.

********************************************************
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RHIZOSPHERE
 The rhizosphere is the narrow region of soil that is directly influenced

by root secretions and associated soil microorganisms. The rhizosphere
contains many Bacteria and microorganisms that feed on sloughed-off plant
cells, termed rhizodeposition, and the proteins and sugars released by roots.
Much of the nutrient cycling and disease suppression needed by plants occurs
immediately adjacent to roots due to root exudants and communities of
microorganisms.

 Term "Rhizosphere" was introduced for the first time by the German scientist
Lorenz Hiltner (1904) to denote that region of soil which is subjected to the
influence of plant roots.

 The rhizosphere differs from the bulk soil because of the activities of plant roots
& 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 promoting 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–Azospirillum). Some
microorganisms produce hormones that stimulate plant growth and some
microorganisms are antagonistic to plant pathogens.  However, some soil
microorganisms are pathogenic & attack living plant roots.

R:S ratio: H. Katznelson (1946) - the ratio between the microbial population in
the rhizosphere (R) and in the non-rhizospheric soil (S) to find out the degree or
extent of plant roots effect on soil microorganisms. R: S ratio gives a good picture
of the relative stimulation of the microorganisms in the rhizosphere of different
plant species.

R: S ratio is defined as the ratio of microbial population per unit weight of
rhizosphere soil (R), to the microbial population per unit weight of the adjacent
non-rhizosphere soil (S). R:S ratio is always ≥1.

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.

********************************************************
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PHYLLOSPHERE
 The above-ground parts of plants are normally colonized by a variety of

bacteria, yeasts, and fungi. While a few microbial species can be isolated from
within plant tissues, many more are recovered from the surfaces of healthy
plants. The aerial habitat colonized by these microbes is termed the
phyllosphere, and the inhabitants are called epiphytes.

 Bacteria are by far the most numerous colonists of leaves, often being found in
numbers averaging 106 to 107 cells/cm2 (up to 108 cells/g) of leaf.

 Ruinen (1956), Dutch microbiologist coined the term "Phyllosphere" to denote
the region of leaf influenced by microorganisms.

 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.

 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., two of the most ubiquitous bacterial participants of
phyllosphere communities.

Factors that 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, thereby alleviating the
water stress to which epiphytes are exposed.

 Second, some cells in a leaf bacterial population, particularly in plant-
pathogenic populations, may not reside in exposed sites on the leaf surface but
instead may at least locally invade the interior of the leaf, avoiding the stresses
on the exterior of the leaf by residing in substomatal chambers or other
interior locations. Thus, while some phytopathogens may have the option of
avoiding stresses, most other epiphytes apparently must tolerate them in some
way.

********************************************************
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Microbes in Human Welfare
Microorganism in silage production

Silage is fermented, high-moisture stored fodder which can be fed to cattle, sheep
and other such ruminants. It is fermented and stored in a process called
ensilage, ensiling or silaging, and is usually made from grass crops, including
maize, sorghum or other cereals, using the entire green plant.

The crops suitable for ensilage are the ordinary grasses, clovers,
alfalfa, vetches, oats, rye and maize; various weeds may also be stored in silos.
Silage must be made from plant material with a suitable moisture content: about
50% to 60% depending on the means of storage, the degree of compression, and
the amount of water that will be lost in storage, but not exceeding 75%.
Ryegrasses have high sugars and respond to nitrogen fertiliser better than any
other grass species. These two qualities have made ryegrass the most popular
grass for silage making for the last sixty years.

Silage is made either by placing cut green vegetation in a silo or pit, by piling it in
a large heap and compressing it down so as to leave as little oxygen as possible
and then covering it with a plastic sheet, or by wrapping large round bales tightly
in plastic film. After harvesting, crops are shredded to pieces about 0.5 in (1.3 cm)
long. The material is spread in uniform layers over the floor of the silo, and closely
packed. When the silo is filled or the stack built, a layer of straw or some other dry
porous substance may be spread over the surface. In the silo the pressure of the
material, when chaffed, excludes air. Extra pressure may also be applied by
weights in order to prevent excessive heating.

Fermentation
The main process that we associate with ensiling is the fermentation of

sugars by lactic acid bacteria. Once the crop is anaerobic, lactic acid bacteria grow
rapidly and quickly become, in most cases, the dominant microorganisms on the
crop. They ferment sugars mainly to lactic acid, acetic acid, ethanol and carbon
dioxide. The ratio of products depends upon the species. Assuming a mix of
hetero- and homofermentative lactic acid bacteria, lactic acid will be the dominant
product on a molar basis followed in descending order by carbon dioxide, acetic
acid, and ethanol. The acids lower crop pH to between 4.0 and 5.0 in alfalfa and
grass silages and below 4.0 in corn silage.

Both the low pH and the acids are beneficial in preserving the crop. The
principal bacterial competitors of the lactic acid bacteria under anaerobic
conditions (enterobacteria, clostridia and bacilli) are all inhibited by achieving a
sufficiently low pH. Once pH drops below 4.5 to 5.0, enterobacteria and bacilli will
be inhibited, and enterobacterial populations will usually drop below detectable
levels within a few days after the pH is below 5.0. Fermentation by the lactic acid
bacteria usually takes silage pH to a level that inhibits these bacteria. So often we
forget about these two groups unless we have a high acetic acid silage that is
feeding poorly.

Silage undergoes anaerobic fermentation, which starts about 48 hours after the
silo is filled, and converts sugars to acids. Fermentation is essentially complete
after about two weeks.
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 Before anaerobic fermentation starts, there is an aerobic phase in which the
trapped oxygen is consumed. How closely the fodder is packed determines the
nature of the resulting silage by regulating the chemical reactions that occur in
the stack. When closely packed, the supply of oxygen is limited, and the
attendant acid fermentation brings about decomposition of the carbohydrates
present into acetic, butyric and lactic acids. This product is named sour silage.

 The role of microorganism in silage making is directly related to the production
of the following acids - lactic acid, acetic acid, propionic acid and butyric acid.
Lactic acid is the most important of the four. If formed rapidly and sufficient
quantity preserves the ensiled plant material therefore no decay.

 The lactic acid bacteria covers a number of genus (Lactobacillus, Pediococcus,
Lactococcus, Enterococcus, Streptococcus and Leuconostoc) that are found in
silage. They all produce lactic acid as their principal product from fermenting
sugars, but other products, particularly acetic acid, ethanol and carbon
dioxide, are common. Lactobacilli occur in large amounts in green plants.
Their development in the ensiled material depends on the presence of large
quantities of sugar in the plant material. Crop plants like maize that have large
carbohydrate content are easier to ensile than legume plants with low
carbohydrate content because of the presence of high levels of lactobacilli.

 In the past, the fermentation was conducted by indigenous microorganisms,
but, today, some bulk silage is inoculated with specific microorganisms to
speed fermentation or improve the resulting silage. Silage inoculants contain
one or more strains of lactic acid bacteria, and the most common
is Lactobacillus plantarum. Other bacteria used include Lactobacillus
buchneri, Enterococcus faecium and Pediococcus species.

Undesirable microbes in silage production
 Yeasts are perhaps the most significant aerobic microorganisms on the crop

relative to silage quality. Some yeasts can grow anaerobically, fermenting
sugars to ethanol.

 Molds are the filamentous fungi present on the crop. These microorganisms
are strictly aerobic.

 Acetic acid bacteria are aerobic bacteria that are capable of growing at low
pH. They grow on ethanol, producing acetic acid. However, once ethanol has
been exhausted, they can grow on acetic acid, producing carbon dioxide and
water. This will raise pH and permit other aerobic microorganisms to grow.

 Enterobacteria are also the principal competitors of the lactic acid bacteria
for the sugars in the crop.

 Clostridia are obligate anaerobes, and their effects on silage quality usually
occur long after the lactic acid bacteria have stopped actively growing in the
silo.

Biofertilisers

Bio-Fertilisers: Bio-fertilisers are preparations containing active or latent cells of
efficient strains of certain microbes that can utilise the atmospheric nitrogen to
increase the nitrogen content of soil, and can dissolve the insoluble phosphate of
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the soil to release the phosphorus it contains in the soluble form for increasing
crop yield. Bio-fertilizers are of the following types:

 Bacterial

 Fungal

 Algal

 Aquatic fern

How Bio-fertilizers Work ?
 There is an abundance of biopolymers like proteins, fats, fibers and other

carbohydrates in natural soils.

 Bacteria in soil digest these large biopolymers to respective smaller
monomers.

 Proteins are digested to amino acids, carbohydrates and fiber to sugars and
fats/lipids to fatty acids by the soil bacteria.

 Plants can easily absorb these small molecules or monomers.

 Additionally, the soil-bacteria help the plant-roots to absorb Major and
minor nutrients present in the soils.

 The soil-bacteria also release bio-chemicals which accelerate the plant
growth.

Advantages of Bio-fertilizers in general
 Add nutrients (Nitrogen) to the soil / make them (Phosphorous) available to

the cop.

 Secrete certain growth promoting substances.

 Under certain conditions they exhibit anti-fungal activities and thereby
protect the plants from pathogenic fungi.

 Harmless and Eco-friendly low cost agro-input supplementary to Chemical
Fertilizers.

 Improve soil structure (porosity) and water holding capacity.

 Enhance seed germination.

 Increase soil fertility, Fertilizer Use Efficiency and ultimately the yield by 15-
20 % in general

(1) Bacterial Biofertiliser
 Here, live cells of bacteria are used as fertilisers.

 They are the principal nitrogen fixers in the soil and may be either free-
living or symbiotic (within the nodules of legume roots, leaf nodules of
certain plants and stem nodules of Sesbania grandiflora) or associative
Symbiotic.

 Some bacterial genera can solubilize phosphorus from the bound form
(Bacillus, Pseudomonas sp.).
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 There are certain other bacterial members which during their metabolic
activity, make available certain essential trace elements like manganese,
calcium and zinc in the soil for plant absorption.

 Some bacteria like Agrobacterium sp. and Pseudomonas fluorescence supply
growth hormones like Indole Acetic Acid (IAA) to the plants.

 Certain groups of bacteria like the Pseudomonas fluorescence living in
association with the rhizosphere of most of crop plants (rhizobacteria
promoting plant growth) supply all the essential nutrients required for the
growth of the crop and in addition, protects the plant roots from the attack
by soil-borne pathogens (saprophytic suppression).

 The nitrogen fixing ability of the bacteria can be studied under the following
heads:

(A) Nitrogen fixers
 Rhizobium, Azorhizobium, Synorhizobium and Bradyrhizobium are symbiotic

nitrogen fixers and are found in association with legume plants.

 These bacteria results into formation of nodules in the legume plants, where
nitrogen fixation takes place.

 The most important obligate aerobic nitrogen fixers are Azotobacter,
Beijerinckia, Derxia, Achromobacter, Mycobacterium and Bacillus. Facultative
anaerobic bacteria belong to the genera Aerobacter,

 Klebsiella and Pseudomonas (i.e., they can survive both in the presence and
absence of oxygen). (Facultative anaerobe)

 Anaerobic nitrogen- fixing bacteria are represented by the genera
Clostridium, Chlorobium, Chromatium, Rhodospirillum, Rhodomicrobium,
Rhodopseudomonas, Desulphovibrio and Methanobacterium.

 Apart from fixing nitrogen, Azotobacter chroococcum has the ability to
synthesise and secrete B-vitamins, growth hormones and antifungal
antibiotics into its environment.

 Azotobacter has one drawback; its nitrogen fixing ability is regulated by the
presence of nitrogenous compounds in its environment.

 Azospirillum show associative symbiosis with cereals, sugarcane and some
grasses.

(B) Phosphatic Bio-fertilisers/ Phosphate Solubilizing Bacteria (PSB)
 The soil is inhabited by a group of bacteria termed as phospho bacteria

which have the capacity of releasing bound phosphates in the soil and thus
making it available for the plants.

 They act in different ways. Some bacteria secrete organic acids such as
lactic acid, acetic acid and citric acid which solubilize the bound phosphate
to forms which are available to plants.

 Others produce sulphuric acid by oxidation of sulphur which acts like the
organic acids in making phosphate available.

 Carbonic acid formed by the action of carbon dioxide released by bacteria
during respiration and water acts in a similar way.
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 Some organisms give off hydrogen sulphide which reacts with the iron salt,
ferrous phosphate, to form ferrous sulphide and thus releases the
phosphate.

 Microbes are also responsible for decay of dead animal and plant litter in the
soil during which humic and fulvic acids are formed which bind the metal
ions such as Fe, AI, Mn and Ca and release the phosphate ions for the
plants.

 The most common varieties of phosphobacteria are Pseudomonas species
and Bacillus megaterium.

 Like Rhizobium, they are used as seed inoculants.

 Most of the cultivable soil being alkaline in nature contains less available
phosphorus.

 Due to higher concentration of Calcium, whenever phosphatic fertilizers are
applied in such soil, the large quantity of it gets fixed as Tri-Calcium
Phosphate as it is water insoluble and hence becomes unavailable to the
crop.

 Certain soil microorganisms have inherent capacity to dissolve part of the
fixed phosphorus and make it available to the crop by secreting certain
organic acids.

 Phosphate Solubilizing Bacteria are useful for all the crops i.e. Cereals,
Cash crops, leguminous crops, horticultural crops, vegetables etc.

(2) Cyanobacteria (BGA) as Bio-fertilisers
 Another group of free-living nitrogen fixers are the cyanobacteria commonly

called the bluegreen algae (BGA).

 More than a hundred species of BGA can fix nitrogen.

 Nitrogen fixation takes place in specialized cells called the heterocysts
(large, thick walled and metabolically inactive cells) which depend on
vegetative cells for energy to fix nitrogen while the fixed nitrogen is utilised
by the vegetative cells for growth and development.

 BGA are very common in the rice fields (the micro-aerophilic condition and
alkalinity are conducive to the algal population).

 If no chemical fertilisers are added, inoculation of the algae can result in 10-
14 % increase in crop yields.

 Unlike Azotobacter, the BGA are not inhibited by the presence of chemical
fertilisers.

3) Aquatic Fern (Azolla) as a Bio-fertiliser
 Azolla is a tiny water fern common in ponds, ditches and rice fields.

 It has been used as a bio-fertiliser for rice in all major rice growing
countries including India, Thailand, Korea, Philippines, Brazil and West
Africa.

 The nitrogen accumulated in the Azolla is made available to the rice crop
when the fern decomposes.
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 The nitrogen fixing work is accomplished by the symbiotic relationship
between the fern and a BGA, Anabaena azollae.

 The alga inhabits some of the cells on the underside of the Azolla frond and
fixes atmospheric nitrogen.

 It is dependent on the fern for photosynthates which supply the energy for
nitrogen fixation.

 In addition to nitrogen, the decomposed Azolla also provides K, P, Zn and Fe
to the crop.

 It also controls aquatic weeds which would otherwise compete with the
crop for nutrients.

(4) Actinomycetes as Biofertiliser
 Frankia is an actinomycete and forms nitrogen fixing nodules in trees and

shrubs.

 The organism invades the cells of a developed lateral root and causes it to
fuse into a nodule.

 Entry into the host changes the structure of the microbe.

 Scientists are hopeful that some day they may be able to make fruit trees
like apple, pear, plum, raspberry, etc. by fixing nitrogen through the
involvement of Frankia.

(5) Fungi as Bio-fertiliser
 Some non-pathogenic fungi help in plant growth by forming associations

with the host plant roots called mycorrhizae (myca- fungi, rhiza -root).

 Some examples of such fungi are Trichoderma, Gigaspora, Glomus, etc.

 One group of mycorrhizae forms a sheath around the fine lateral roots and
replaces the root hairs by dichotomous branching of the fungal hyphae.
They are called ectomycorrhizae because they do not traverse
intracellularly.

 The ectomycorrhizae help the plant by Solubilizing nutrients near the plant
roots and making it easy for the plants to feed.

 They also prevent the roots from being attacked by nematodes (by
entangling them).

 Another group called the endomycorrhizae penetrate the roots and
establish symbiotic relation with the plants.

 The fungi help the roots in obtaining inorganic nutrients while obtaining
essential organic nutrients from the host.

 There is yet another group called ect-endomycorrhiza or
vesiculararbuscular mycorrhiza (VAM fungi) wherein they are partly
outside the host roots and partly intracellular.

Vesicular Arbuscular Mycorrhiza (VAM)
 VAM - Vesicular Arbuscular mycorrhiza - is the symbiotic association

between plant roots and soil fungus.

 VAM plays a great role in inducing plant growth.
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 Mycorrhizae increase the resistance to root borne or soil borne pathogens
and Nematodes.

 Enhanced colonization of introduced population of beneficial soil organisms
like Azotobacter, Azospirillum, Rhizobium and Phosphate Solubilizing
Bacteria around mycorrhizal roots thereby, exerting synergistic effects on
plant growth.

 VAM is suitable for: Turmeric, Banana, Rubber, Coffee, Tea, Pepper,
Cardamom, Cocoa, Fruit trees, Tree seedlings etc.

Advantages:
 VAM is highly versatile and colonizes 85% of the plant families.

 It penetrates the roots, forms arbuscules and vesicles in the cortical cells of
the roots and hyphae and spores in the soil.

 The mychorrhiza penetrates the roots, mobilizes & supplies phosphorus and
other micronutrients to the plants.

 Solubilize phosphate and transports micronutrients such as zinc,
Manganese, iron, copper, Cobalt, Molybdenum etc from the surrounding
area to the plant.

 Increases the plant vigor by inducing drought resistance of young
seedlings.

 VAM protects the plants from the fungal pathogens

********************************************************
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Biopesticides
The United States Environmental Protection Agency (EPA) defines

biopesticides as, “certain types of pesticides derived from such natural materials
as animals, plants, bacteria, and certain minerals.” Based on the active ingredient,
biopesticides are categorized as microbial pesticides, plant-incorporated-
protectants, and biochemical pesticides.

Biological control: The term “biological control” and its abbreviated synonym
―biocontrol have been used in different fields of biology. It has been used to
describe the use of live predatory insects, entomopathogenic nematodes, or
microbial pathogens to suppress populations of different pests, insects and disease
causing microorganisms.

 In general, biopesticides are less toxic, more target specific, and/or
decompose faster following application compared to conventional pesticides.

 All of these features contribute to the idea that application of biopesticides
can result in less pollution compared to some of the conventional chemical
pesticides.

 One disadvantage is that the user of biopesticides needs to have a greater
understanding about the pest control needs of his or her crop.

 This is because most biopesticides have a more limited target range than
chemical pesticides.

Biocontrol Organism Target Disease
Bactericide
Bacteriophages of
Xanthomonas and
Pseudomonas syringae

Bacterial spot in pepper and tomatoes and bacterial speck in
tomatoes

Pseudomonas syringae Ice inducing bacteria and biological decay
Pantoea agglomerans Fireblight (Erwinia amylovora)
Fungicides
Biocontrol  Organism Target Disease
Streptomyces lydicus Soilborne pathogens: Pythium, Rhizoctonia, Phytophthora,

Fusarium, Verticillium and other root decay fungi.
Foliar pathogens: Podosphaera, Botrytis, Schlerotinia,
Monilinia, Alternaria, Peronospora and other foliar fungi.

Bacillus pumilus Rust, powdery mildew, cercospora, and brown spot
Coniothyrium minitans Sclerotinia minor, Sclerotinia sclerotiorum
Bacillus subtilis Rhizoctonia, Fusarium, Alternaria, Aspergillus, and others that

attack the root systems of plants
Trichoderma harzianum Fusarium, Pythium, and Rhizoctonia
Bacillus subtilis Bacterial spot, powdery mildew, rust, gray mold, leaf blight,

scab, and others fungi.

********************************************************
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Microbial insecticides

Microbial insecticides are comprised of microscopic living organisms (viruses,
bacteria, fungi, protozoa, or nematodes) or the toxins produced by these
organisms. They are formulated to be applied as conventional insecticidal sprays,
dusts, liquid drenches, liquid concentrates, wettable powders, or granules. Each
product's specific properties determine the ways in which it can be used most
effectively.

Microbial insecticides are a new form of pesticide that work by infecting
selected insect populations. Though this sounds potentially dangerous, many
argue that it is actually quite safe, since the application of microbial insecticides is
specific to the species one is trying to kill. Microbial insecticides usually have no
effect on animal populations, unless diminishing a certain bug in the area
interrupts the food chain. Each type usually works against only one type of insect.

(1) Bacteria
Following bacterial species are used as biocontrol:

1. Bacillus thuringiensis var. kurstaki kill the caterpillar stage of a wide
array of butterflies and moths.

2. In contrast, Bacillus popillae (milky spore disease) kills Japanese beetle
larvae but is not effective against the closely related annual white grubs
(masked chafers in the genus Cyclocephala ) that commonly infest lawns.

Common pests that are controlled with B.thuringiensis var. kurstaki (Bt):
European corn borer in corn, Indian meal moth in stored grain, Cabbage looper,
Diamond back moth, Tomato/tobacco hornworm, Gypsy  moth, Spruce
budworm, Tent caterpillars, Fall webworm, Mimosa webworm, Bagworms, Spring
and fall cankerworm.

(2) Fungi
 Fungi are important natural control agents that limit insect populations.

 Most of the entomopathogenic fungal species spread by means of asexual
spores called conidia.

 Although, conidia of different fungi vary greatly in ability to survive adverse
environmental conditions, desiccation and ultraviolet radiation are
important causes of mortality in many species.

 Where viable conidia reach a susceptible host, free water or very high
humidity is usually required for germination.

 Unlike bacterial spores or virus particles, fungal conidia can germinate on
the insect cuticle and produce specialized structures that allow the fungus
to penetrate the cuticle and enter the insect's body.

 Fungi do not have to be ingested to cause infections.
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 In most instances, as fungal infections progress, infected insects are killed
by fungal toxins, not by the chronic effects of parasitism.

 Many important fungal pathogens attack eggs, immatures, and adults of a
variety of insect species.

 Others are more specific to immature stages.

Following Fungi has insecticidal properties:
 Beauveria bassiana: This soil fungus has a broad host range that includes

many beetles and fire ants. It infects both larvae and adults of many
species.

 Nomuraea rileyi: In soybeans, may cause dramatic reductions in populations
of foliage-feeding caterpillars.

 Vericillium lecanii: This fungus has been used in greenhouses to control
aphids and whiteflies.

 Lagenidium giganteum: This aquatic fungus is highly infectious to larvae of
several mosquito genera.

 Hirsutella thompsonii: It is a pathogen of the citrus rust mite.

(3) Viuses
 The larvae of many insect species are vulnerable to devastating epidemics of

viral diseases.

 The viruses that cause these outbreaks are very specific, usually acting
against only a single insect genus or even a single species.

 Specificity of the virus-host relationship makes viruses an ideal candidate
for use in the control of specific pest population.

 There are two major groups of insect viruses:

(i) Polyhedrosis virus: where many virus particles are embedded in each
protein crystal.

When they occur in the host cell nucleus, they are called nuclear
polyhedrosis virus (NPV), and when they occur in the host cytoplasm they
are called cytoplasmic polyhedrosis virus (CPV).

(ii) Granulosis virus: where only one virus is contained in each protein
crystal.

 GV either develop in the nucleus or cytoplasm of the host cells (NGV or
CGV).

 NPV and CGV come under the group of Baculoviruses and they are the
most extensively studied insect viruses.

 Infection is caused by ingestion of contaminated food containing NPV / GV
followed by cell invasion beginning in the midgut.

 GV when sprayed on leave, enter the larvae feeding on the foliage.

 The viruses multiply fast in the larvae and make them lethargic.

 Affected larvae become sluggish and stop feeding and die.

For example, NPV controls the pest Helicoverpa armigera.
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(4) Protozoa
• Species in the genera Nosema and Vairimorpha seem to offer the greatest

potential for use as insecticides.

• Nosema locustae has been used to reduce grasshopper populations in
rangeland areas, and adequate control has been achieved when treatments
were applied to large areas while hoppers were still young.

Disadvantages of Microbial Insecticides/biopesticides:
 A particular biopesticides/microbial insecticide is toxic to only a specific

species or group of insects. Therefore, one biopesticides may control only a
portion of the pests present in a field, garden, or lawn.

 Heat, desiccation (drying out), or exposure to ultraviolet radiation reduces
the effectiveness of several types of microbial insecticides

 Special formulation and storage procedures are necessary for some
microbial pesticides.

 Because several microbial insecticides are pest-specific, the potential market
for these products may be limited.

********************************************************
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Biogas

Biogas is a term used to represent a mixture of different gases (varied composition)
produced as a result of action of anaerobic microorganisms on domestic and
agricultural wastes. Depending on where it is produced, biogas can also be called
swamp, marsh, landfill or digester gas.

Composition:
The composition of biogas varies depending upon the origin of the anaerobic
digestion process. Landfill gas typically has methane concentrations around 50%.
Advanced waste treatment technologies can produce biogas with 55-75% CH4.

Typical composition of biogas:
Matter %
Methane, CH4 50-75
Carbon dioxide, CO2 25-50
Nitrogen, N2 0-10
Hydrogen, H2 0-1
Hydrogen sulphide, H2S 0-3
Oxygen, O2 0-2

 Biogas plants also provide highly enriched organic fertilizer.

 In 1961, a Gobar Gas Research Station was also established at Ajitmal
(district Etawah in U.P.), which has designed a variety of gas plants suited
to Indian conditions and supplying electricity at a cheap rate.

 The digesters in 'gas plants' are almost entirely burried underground, with a
fixed dome that serves as a gas holder.

Substrates:
 The substrate usually employed for biogas generation is a waste product of

industrial, agricultural, animal husbandry, or domestic and municipal
origin.

 Therefore, the waste would contain a variable proportion of non,
biodegradable matter in form of plastics, inorganic materials, lignin, etc.
Lignin is virtually non-degradable under anaerobic conditions.

Factors Affecting Biogas Production:
Biogas yield is measured as m3 gas/kg volatile solids.

 Type of waste,

 Temperature during digester operation,

 The retention time (the period of time a given sample of waste/substrate
stays in the digester/fermenter before it flows out) and

 The presence of inhibitors.

FOUR groups of bacteria are involved in Biogas Production:
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(1) Hydrolytic and Fermentative Bacteria-
 This group includes both obligate and facultative anaerobes, and may occur

upto 108-109 cells/ml of sewage sludge digesters.

 They remove the small amounts of O2 present and create anaerobic
conditions.

 These bacteria hydrolyze and ferment the organic materials, e.g., cellulose,
starch, proteins, sugars, lipids, etc., and produce organic acids, CO2 and
H2.

 But usually only 50% of the polysaccharides present in the waste may be
digested.

(2) Syntrophic H2 Producing Bacteria:
 This group is also called obligate H2 producing or obligate proton reducing

bacteria since they oxidise NADH by reducing H+ to H2 and thereby produce
hydrogen.

 These bacteria breakdown organic acids having greater than two carbon
atoms in their chain to produce acetate, CO2 and H2.

 However, they are able to grow freely and produce H2 only under low H2
partial pressure, which is maintained by methanogens.

 Sewage sludge digesters have about 4 x 106 cells/ml of this group. Examples
of these bacteria are Syntrophomonas wolfei, and S. wolinii.

(3) Methanogenic Bacteria:
 This group of bacteria converts acetate, and CO2 + H2 into methane.

 Thus methanogens remove the H2 produced by obligate H2 producing
bacteria, thereby lowering the H2 partial pressure and enabling the latter to
continue producing H2.

 Methanogenic bacteria are the strictest possible anaerobes known.

 They may occur up to 106-108 cell/ml of the slurry in digesters.

 These belong to the new kingdom called Archaebacteria and oxidise H2 by
reducing CO2 to obtain energy.

 Examples of methanogenic bacteria are Methanosarcina barkeri,
Methanobacterium omelianskii, etc.

 4H2 + CO2 CH4 + 2H2O ( ΔGº = -139 kJ/mol)

(4) Acetogenic Bacteria:
 These bacteria oxidise H2 by reducing CO2 to acetic acid, which is then

used up by methanogens to generate methane, CO2 and H2.

 Thus acetogenic bacteria also remove H2 and enable the obligate H2
producing bacteria to continue their function.
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Advantages of Biogas:
1. The technology is cheaper and much simpler than those for other biofuels,

and it is ideal for small scale application.

2. Recovery of the product (methane) is spontaneous as the gas automatically
separates from the substrates.

3. Dilute waste materials (2-10% solids) can be used as substrate.

4. Organic pollutants are removed from the environment and used to generate
useful biogas; this helps clean up the environment.

5. Aseptic conditions are not needed for operation.

6. Any biodegradable matter can be used as substrate.

7. Biogas is suitable for heating boilers, firing brick and cement kilns, and for
running suitably modified internal combustion engines.

8. There is reduced risk of explosion as compared to pure methane.

9. Anaerobic digestion inactivates pathogens and parasites, and is quite
effective in reducing

10.the incidence of water borne diseases.

Disadvantages of Biogas:
1. The product (biogas) value is rather low; this makes it an unattractive

commercial activity.
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2. The biogas yields are lower due to the dilute nature of substrates.

3. The process is not very attractive economically (as compared to other
biofuels) on a large industrial scale.

4. Recombinant DNA technology and even strain improvement techniques can
not be used to enhance the efficiency of the process.

5. The only improvement in the process, can be brought about by optimising
the environmental conditions of the anaerobic digestion.

6. Biogas contains some gases as impurities, which are corrosive to the metal
paris of internal combustion engines.

********************************************************
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BIODEGRADATION
 The United States Environmental Protection Agency defines biodegradation

as, ―A process by which microbial organisms transform or alter (through
metabolic or enzymatic action) the structure of chemicals introduced into
the environment. In this process organic (carbon-based) material is changed
through chemical processes from complex molecules into simpler molecules.

 An example of this is a banana peel being reduced from cellulose to water,
carbon dioxide gas, and humus in a compost pile.

 Biodegradation is a waste management and recycling system that degrades
everything from yard waste to crude oil. This process helps to keep our
planet clean and healthy.

The Biodegradation Process

 Biodegradation is the process by which organic substances are broken down
into smaller compounds using the enzymes produced by living microbial
organisms.

 The microbial organisms transform the substance through metabolic or
enzymatic processes.

 Although biodegradation processes vary greatly, the final product of the
degradation is most often carbon dioxide and/or methane.

 Biodegradable matter is generally organic material such as plant and animal
matter and other substance originating from living organisms, or artificial
materials that are similar enough to plant and animal matter to be put to
use by microbes.

 Some microorganisms have naturally occurring catabolic processes that can
degrade a huge range of compounds including hydrocarbons (e.g. oil),
polychlorinated biphenyls (PCBs), polyaromatic hydrocarbons (PAHs),
pharmaceutical substances, radionuclides and metals.

Organic materials can be degraded aerobically, with oxygen, or anaerobically,
without oxygen.

Bioremediation: It can be defined as any process that uses microorganisms,
fungi, green plants or their enzymes to return the natural environment altered by
contaminants to its original condition. Bioremediation may be employed to attack
specific soil contaminants, such as degradation of chlorinated hydrocarbons by
bacteria. An example of a more general approach is the cleanup of oil spills by the
addition of nitrate and/or sulfate fertilisers to facilitate the decomposition of crude
oil by indigenous or exogenous bacteria

********************************************************
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THANK YOU


