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Preface

Soil inhabit diverse group of living organisms, both micro flora
(fungi, bacteria, algae and actinomycetes) and micro-fauna (protozoa,
nematodes, earthworms, moles, ants). The density of living organisms
in soil is very high i.e. as much as billions / gm of soil, usually density
of organisms is less in cultivated soil than uncultivated / virgin land and
population decreases with soil acidity. Top soil, the surface layer contains
greater number of microorganisms because it is well supplied with Oxygen
and nutrients. Lower layer/subsoil is depleted with Oxygen and nutrients
hence it contains fewer organisms. Soil ecosystem comprises of organisms
which are both, autotrophs (Algae, BOA) and heterotrophs (fungi, bacteria).
Autotrophs use inorganic carbon from CO, and are “primary producers”
of organic matter, whereas heterotrophs use organic carbon and are
decomposers/consumers.

Microorganisms being minute and microscopic, they are universally
present in soil, water and air. Besides supporting the growth of various
biological systems, soil and soil microbes serve as a best medium for plant
growth. Soil fauna & flora convert complex organic nutrients into simpler
inorganic forms which are readily absorbed by the plant for growth.
Further, they produce variety of substances like IAA, gibberellins,
antibiotics etc. which directly or indirectly promote the plant growth. Soil
structure is dependent on stable aggregates of soil particles-Soil organisms
play important role in soil aggregation. Constituents of soil are viz.
organic matter, polysaccharides, lignins and gums, synthesized by soil
microbes plays important role in cementing / binding of soil particles.
Further, cells and mycelial strands of fungi and actinomycetes, Vormicasts
from earthworm is also found to play important role in soil aggregation.

The organic matter serves not only as a source of food for
microorganisms but also supplies energy for the vital processes of
metabolism that are characteristics of living beings. Microorganisms
such as fungi, actinomycetes, bacteria, protozoa etc. and macro organisms
such as earthworms, termites, insects etc. plays important role in the
process of decomposition of organic matter and release of plant nutrients
in soil. Thus, organic matter added to the soil is converted by oxidative
decomposition to simpler nutrients / substances for plant growth and the
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residue is transformed into humus. Organic matter / substances include
cellulose, lignins and proteins (in cell wall of plants), glycogen (animal
tissues), proteins and fats (plants, animals). Cellulose is degraded by
bacteria, especially those of genus Cytophaga and other genera (Bacillus,
Pseudomonas, Cellulomonas, and Vibrio Achromobacter) and fungal
genera (Aspergillus, Penicilliun, Trichoderma, Chactomium, Curvularia).
Lignins and proteins are partially digested by fungi, protozoa and
nematodes. Proteins are degraded to individual amino acids mainly by
fungi, actinomycetes and Clostridium. Under unaerobic conditions of
waterlogged soils, methane are main carbon containing product which
is produced by the bacterial genera (strict anaerobes) Methanococcus,
Methanobacterium and Methanosardna. Humus is the organic residue
in the soil resulting from decomposition of plant and animal residues in
soil, or it is the highly complex organic residual matter in soil which is
not readily degraded by microorganism, or it is the soft brown/dark
coloured amorphous substance composed of residual organic matter along
with dead microorganisms. Life on earth is dependent on cycling of
elements from their organic / elemental state to inorganic compounds,
then to organic compounds and back to their elemental states. The
biogeochemical process through which organic compounds are broken
down to inorganic compounds or their constituent elements is known
“Mineralization”, or microbial conversion of complex organic compounds
into simple inorganic compounds & their constituent elements is known
as mineralization. Soil microbes plays important role in the biochemical
cycling of elements in the biosphere where the essential elements (C, P,
S, N & Iron etc.) undergo chemical transformations. Through the process
of mineralization organic carbon, nitrogen, phosphorus, Sulphur, Iron
etc. are made available for reuse by plants.

The division of chapter modules is to facilitate the students study
in step by step manner comprehending and understanding the subject
for their classroom. The book is complete and self sufficient in boosting
their awareness and understanding about the microbes in soil and their
effect on life.

Book writing-whether original or compilation is a laborious compli-
cated job requiring academic labour.

The present work is purely a research compilation based on

authoritative publications and researches authored by eminent soil
scientists.

Assistance has also been sought from Websites through Internet.

The author, humbly acknowledges the contributions of all those
eminent soil scientists and subject experts alongwith their respective
publishers and Websites in preparation of this book.

—Dr. N.K. Jain
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Chapter

1

Soil Bacteriology

Bacteria are minuscule, one-celled organisms that can only be seen
with a powerful light (1000X) or electron microscope (we’re talking
TINY). They can be so numerous that a pinch of soil can contain
millions of organisms. Bacteria are tough—they occur everywhere on
earth and have even been found over a mile down into the core of the
earth. Bacteria can be classified into five functional groups. Autotrophic
(literally, self-feeding) bacteria are photosynthetic. They are the
primary producers. Decomposers consume soil organic matter, plant
litter, and simple carbon compounds, releasing the nutrients in these
substances for use by living plants. Mutualists, such as nitrogen-
fixing bacteria, form associations with plants and help them absorb
nutrients. Pathogens are the bad guys— they cause disease in plants.
The last group, the chemolithotrophs (literally, chemical and rock-
eating) obtain energy from minerals rather than from carbon compounds.

Bacteria are common throughout the soil, but tend to be most
abundant in or adjacent to plant roots, an important food source.
Actinomycetes are a broad group of bacteria that form thread-like
filaments in the soil. They are responsible for the distinctive scent
of freshly exposed, moist soil. Bacteria are important in the carbon
cycle. They contribute carbon to the system by fixation (photosynthesis)
and decomposition. Bacteria are important decomposers in grassland
environments. Actinomycetes are particularly effective at breaking
down tough substances like cellulose (which makes up the cell walls
of plants) and chitin (which makes up the cell walls of fungi) even
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under harsh conditions, such as high soil pH. Some management
activities, particularly those that change nutrient levels in the soil,
can shift the dominance of decomposers from bacterial to fungal.
When one group becomes dominant where it shouldn’t be, there is also
a shift in the rest of the system. The shift from bacterial to fungal
dominance, for instance, can enhance the conditions favoring weed
invasions on rangelands.

Bacteria are particularly important in nitrogen cycling. Free-
living bacteria fix atmospheric nitrogen, adding it to the soil nitrogen
pool. Other nitrogen-fixing bacteria form associations with the roots
of leguminous plants such as lupine, clover, alfalfa, and milkvetches.
Actinomycetes form associations with some non-leguminous plants
(important species are bitterbrush, mountain mahogany, cliffrose,
and ceanothus) and fix nitrogen, which is then available to both the
host and other plants in the near vicinity. Some soil nitrogen is
unusable by plants until bacteria convert it to forms that can be easily
assimilated. Some bacteria exude a sticky substance that helps bind
soil particles into small aggregates. So despite their small size, they
help improve water infiltration, water-holding capacity, soil stability,
and aeration. Wait! Aren’t there also “bad” bacteria? Yes, there are,
but some soil bacteria suppress root-disease in plants by competing
with pathenogenic organisms. The key is in maintaining a healthy
system so that the good guys can do their work.

Bacteria are becoming increasingly important in bioremediation,
meaning that we (people) can use bacteria to help us clean up our
messes. Bacteria are capable of filtering and degrading a large variety
of human-made pollutants in the soil and groundwater so that they
are no longer toxic. The list of materials they can detoxify includes
herbicides, heavy metals, and petroleum products.

Some Soil Bacteria Protect Soybeans from Root Diseases

Brian McSpadden Gardener, a plant pathologist with the Ohio
Agricultural Research and Development Centre, is studying biological
control of plant pathogens using beneficial bacteria that colonize plant
roots. The goal of the research is to identify the distribution of soil
bacteria across Ohio to determine which soybean fields would be ideal
candidates for biological control applications.

“We khow_that some bacteria can promote plant growth but what
we don’t know 1s how much of those beneficial bacteria are in individual
fields or how widely distributed they are across any defined geographical
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area,” said McSpadden Gardener. “The ultimate goal is to find out if
there is a way to assay a field and say okay, there are very low
populations of beneficial bacteria here, so this would be an ideal spot
to apply biological control.”

In his work, in collaboration with Ohio State University Extension
soybean agronomist Jim Beuerlein, McSpadden Gardener has identified
two bacterial genotypes specific to Ohio soils that produce a natural
fungicide known as DAPG (2,4-diacetylphloroglucinol). DAPG-
producing bacteria that colonize soybean roots protect the plant from
a wide range of root rot diseases, including Phytophthora, Pythium,
Rhizoctonia and Fusarium.

“What we are doing is isolating different representatives of these
DAPG-producing bacteria and treating seeds with them to see how
well they colonize soybean roots and how well they protect roots
against diseases,” said McSpadden Gardener. “Our goal is to improve
stand and increase plant yields by applying these DAPG-producing
bacteria to seed as natural fungicides.”

The DAPG compound works much like a chemical seed treatment
fungicide in that it diffuses away from the plant roots, protecting the
plant from fungal pathogens. But, unlike chemicals that lose their
effectiveness once the plant grows out of its juvenile stage, DAPG-
producing bacteria provide the plant protection from germination up
to harvest.

“With synthetic chemicals, once that plant grows out of its sphere
of influence, the fungi can sniff out the roots and attack,” said
McSpadden Gardener. “The idea behind biological control is that if
you put the protective bacteria on the seed, as the plant germinates,
the roots get colonized by the beneficial bacteria and they keep
reproducing as the roots grow so more of the roots are protected more
of the time. There’s no other way to protect plants like that with a
seed treatment.”

During the two-year study, funded by an OARDC Seed Grant and
the U.S. Department of Agriculture National Research Initiative, the
researchers found that at 10 soybean sites throughout Ohio only about
half of the plants harbored DAPG-producing bacteria. McSpadden
Gardener said soil type, bacterium genotype, soybean variety, weather
and production management are just some of the factors that determine
the level of beneficial bacteria that are present to colonize plant roots.

“That’s why it’s so important to identify genotypes that are
indigenous to Ohio,” said McSpadden Gardener, who is also studying
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bacillus species that may prove effective in Ohio against soybean
diseases. “A non-indigenous bacterium is not familiar with the Ohio
soils or the environment, so it may not be as effective.”

Seedling diseases cause a loss of about 3/4 of a million tons of
seed annually, accounting for over $150 million in U.S. losses. Beneficial
bacteria may be used as natural, effective and economical disease
controls because of the unique relationship plants have with soil
microbes. Between 5 and 10 percent of the carbon a plant fixes is
released into the soil providing food for bacteria that colonize plant roots.
Managing those plant-microbe associations can improve plant health.

Soil Bacteria’s Role in Healthy Soil

Bacteria are the unsung heroes of gardening. Without bacteria,
gardeners would not have the rich, loamy soil in which plants grow
without bounds. Bacteria are single-celled organisms that chemically
digest organic matter in soils into smaller nutrient components in
forms available to plants. There are hundreds of thousands of different
kinds of bacteria, and many types of bacteria can digest hundreds of
different forms of organic matter into humus. The bacteria are able
to do this because they can produce many different types of enzymes
to digest different compounds.

Bacteria in Soil vs. Bacteria in Compost

Each type of bacteria works best under certain conditions. In a cool
compost pile, or in garden soil, bacteria that thrive in cool conditions
will form the bulk of the bacterial population. In hot compost, other
bacteria that can survive the high temperatures dominate. When
considering a bacterial soil conditioner, keep in mind the way in which
you plan to use the conditioner. Understand the bacteria you are
adding, if you are adding bacteria as soil conditioners, so that you add
the right kind of bacteria. Once conditions change drastically, bacteria
that cannot function in those conditions will perish. (Bacteria are not
very mobile, unless they have water to float along in or wind to carry
them.) The upside of bacterial immobility is that they will stay and
multiply in place as long as conditions are favorable.

Bacteria for Soil Structure Improvement

Using a bacterial soil conditioning program not only helps with
nutrient availability, it also helps to improve soil structure. Soils with
poor structure benefit as bacteria breaks down soil compounds and
the soil re-aggregates. Spaces for air and water will open up, and the
structure of the soil will become more uniform.
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Add Beneficial Bacteria for Oxygenation

Well structured soils provide plants with necessary oxygen in the
root zone. Plants use carbon dioxide for photosynthesis, but they use
oxygen for respiration, which is the process whereby plants break
down stored sugars and starches to use as energy for growth. They
get their oxygen by absorbing it in the root zone. Soils with good
structure have plenty of spaces for oxygen. Soils without structure
or organic matter generally do not have enough oxygen. When the
plant cannot successfully undergo respiration, it cannot grow well.

Not all Bacteria is Good Bacteria

There are beneficial bacteria and there are bacteria that spread
diseases. For bacteria to aid in soil conditioning, they need to be
beneficial. Not just any bacteria will do. You can’t really open your
refrigerator, grab something old and throw it in the garden! You need
the type of bacteria that will function well in your soil, in your climate,
to decompose organic matter. Good bacteria does something other
than break down organic matter. Good bacteria in soil is instrumental
in keeping harmful fungi and viruses at bay. Be careful about your
source for garden bacteria. Many will sing the praises of compost tea
for adding bacteria to your soil, but these teas can also add pathogens
that will harm your plants. If adding bacteria to your soil, it is best
to go with a reputable source that can provide beneficial bacteria that
will produce results.

Soil Components and Microorganisms

The oil i1s composed of five major components, such as inorganic
matter, organic matter, soil air, soil water and soil organisms. The
inorganic matter is derived from the weathering of parents rocks; air
and water are derived from the atmosphere and are present in the
soil; the organic matter is derived from the decomposition of organic
matter; and the soil organisms constitute the most vital component
of soil body. The soils, in fact are excellent culture media for the
growth of various organisms. It is convenient to divide soil organisms
into two major categories.

First category refers to all those organisms which Can be studies
satisfactorily only with a microscope; these are the microorganisms
which include bacteria, cyanobacteria, microfungi, microalgae and
protozoans. The second category refers to the remaining organism
represented mostly by animals which can be studied by naked eye,
and some are even quite large.






