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promotion activities and enhanced the maize root proliferation. Interaction of
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Foreword

The future of biological and planetary sciences lies in understanding the
role microbes play in shaping the earth and its inhabitants. Microbes: Health
and Environment reflects the world of microbes and their diversified
nature, one that is unlikely to fit into any division of modern biology. Yet
another milestone in the evolution of the world of microbes, the volume
offers an important basis for discussion, criticism and hence progress.

The contributors in the volume are leading authorities from varied
backgrounds, focused on the diverse areas of research on microbes. They
come from different government laboratories, universities, IITs and
industries, actively involved in basic, applied and industrial research.

I am convinced that the volume will be a boon to the undergraduate
and postgraduate students of biological sciences, plant sciences,
microbiology, bioinformatics, biotechnology, environmental science and
soil science, besides scientists, whether in academia, industry or
government. The present book provides a continuing organized report of
an exciting facet of biology, which would contribute in shaping the
intellectual calibre and industry. I hope the readers will find it as exciting
as the contributors who wrote the following chapters.

Asis Datta
Director, NCPGR, New Delhi



Preface

For more than three billion years, microbes have mediated critical
processes that allow higher organisms to evolve. These creatures dominate
the Earth’s biodiversity particularly in oceans, where they account for
ninety per cent of the biomass. Scientists estimate that there are about one
million bacteria and ten million viruses per milliliter of ocean water, and
about one billion bacteria per gram of sediment. They possess great
metabolic diversity and this characteristic has great biological significance.
Modern researchers have revealed more novel characteristics of
microorganisms, which are on the threshold of large-scale application to
overcome many of the problems that we are facing today such as food,
energy, medicine and environmental degradation. Probing, monitoring
and modifying the activities of microorganisms have become easier in the
last few decades with the growing knowledge gathered through molecular
biology techniques leading to their efficient applications in agriculture,
forestry, environmental industry and medicine. This book is a collection of
large information gathered through novel work of researchers on the
impact of microbes on our health and immediate environment.

This book gives a comprehensive account related to all the above
themes. The book contains altogether seventeen chapters and each focuses
on the title of the book. The first chapter gives an introduction about the
classification of microbes and its impact on our health and environment.
The preceding three chapters define the association between plants and
microbes. Microbes, for example, bacteria and fungus have a symbiotic
association with plants that assist them in obtaining nutrients and water
and may protect them against diseases. Besides these, there is an increase
in its active constituents. This book also emphasizes the need for
conservation of these medicinally important plants and gives relevant
bibliography for the benefit of academicians and industrialists. The next
two chapters describe cyanobacteria which besides its well documented
use as bio-fertilizer in conjunction with rice crop, has also been exploited



for the production of valuable compounds, such as pigments,
pharmaceuticals and as biological agents in bioremediation and
reclamation of saline-alkali soils. The other chapters deal with the role of
microbes on soil degradation.The following chapter gives an outlook on
how the neurotoxin botulinum which is a potentially lethal biological
agent can be used as a medicine for several neuromuscular disorders. It
also stresses upon its unique characteristics including exclusive substrate
specificity and localized action.

Microbes play a very important role in the field of agriculture.
Functions of association between plants and PGPR benefit crops by
stimulating plant growth, or by reducing the damage from soil-borne plant
pathogens, the biological component of the soil ecosystem, and in
particular the role of plants within the soil ecosystem and the types of
effects that they can confer on both PGPR and soil processes. Another
example is about the symbiotic relationship of fungi and bacteria
(Arbucular Mycorrhizal Fungi) which markedly improves the nodulation
and nitrogen fixation by interaction with B. japonicum, a legume bacterium,
mainly by providing the high phosphorus requirement for the fixation
process. The book also covers the importance of Fungus protoplasts, which
serve as a potent tool for fungal biotechnology research. Microbes also
help in combating pollution, ie., adding phytase to the animal diet not only
improves the bio-availability of proteins and minerals, but also plays an
important role in combating environmental phosphorus pollution in the
areas of intensive live stock population. The preceding chapter also gives a
brief outlook on reduction of toxicity by understanding the detoxification
mechanisms that exist in living organisms and tailoring them through
genetic engineering. Biotechnological application of microbial xylanase
has been shown to make a significant contribution towards healthier
environment by reducing the environmental loadings of paper mill
effluents.

The main objective of this volume is to highlight the developments and
achievements in the field of microbes.

We express my heartfelt gratitude to all the contributors for their
overwhelming support and cooperation.

Editors

viii Preface
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Impact of Micro-organisms on
Environment and Health

The future of biological and planetary sciences lies in understanding the
role the microbes play in shaping this earth and its inhabitants. Life
originated with microbes, and all forms of life are derived from microbes.
They thrived for billions of years before any plants or animals existed, and
continue to be the most abundant form of life on earth. Microbes generate
more than half the oxygen we breathe in, excavate huge underground
caverns, contribute mightily to the changes in our climate, and make up
the largest mass of living things on earth. It is not an exaggeration to state
that they are everywhere and often in very large number. Micro-organisms
permeate the soil, water, and air of our planet. They created the
atmosphere, turned bare rock and lava into soil, made possible the
eventual evolution of larger life-forms, and continue to dominate the lives
and functions of all living plants and animals. In today’s world microbes
hold their significance in the survival of world ecosystem, such as their
role in global warming as well as the role of microbes in biotechnology.

Some microbes cause diseases; others are essential to agriculture for
food production or for industry to carry out chemical transformation. Life
without higher organisms is possible, but not without microbes. It’s no
wonder that ours has been called the planet of the microbes. These striking
realities of life on earth are not widely appreciated as yet. The public
perception of microbes as undesirable vermin – ‘germs’ should best be
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2 Microbes: Health and Environment

eradicated. At present, concerns for bio-terrorism alert the people to the
hazards of the agents of disease, but people are not generally aware of the
global importance of microbes. Commonly, the study of microbes is either
neglected or is relegated to a special academic niche.

For agriculturalists, the greatest interest in micro-life is in the complex
communities of micro-organisms that are part of the soil. One gram (the
same weight as a small paperclip) of healthy soil can contain between one
and ten billion micro-organisms. Microbes present underground, when
spread over the surface of the earth, would make a layer five feet thick.
Invisible soil microorganisms on same piece of land can outweigh the
livestock per hectare (2.4 acres) by factors of 10 or 100 times! Communities
of bacteria, fungi, algae, protozoa, and other micro-organisms aerate the
soil, make nutrients available to plants, purify drinking water and air
channels, maintain soil structure, and recycle nutrients and organic matter
that allow vegetation to grow. Every chemical transformation that
happens in soil involves micro-organisms. Some micro-organisms excrete
enzymes and other nutritions substances that stimulate plant-feeding.
Micro-organisms provide a living reserve of nutrients like nitrogen and
sulphur that would otherwise be easily leached. A healthy population of
soil micro-organisms can also maintain ecological balance, preventing the
onset of major problems from the viruses or other pathogens that live in
the soil.

Thousands of species of micro-organisms have been recognized and
named, but the number of unknown species is estimated to be in the
millions. Almost every time, microbiologists search in a soil sample, they
discover a previously unknown species. A few that are known to be of
benefit to agriculture and forestry are listed below:
Mycorrhizae: Fungi that associate symbiotically with the roots of many
kinds of plants, acting as a conduit for soil nutrients. Many scientists
believe it was trees’ association with these fungi that enabled them to
colonize large tracts of land, giving rise to the forests.
Other Endosymbionts: An axenically cultivable mycorrhiza-like fungus
has recently been described from the rhizosphere soil samples of
xerophytic plants growing in north-west Rajasthan. The fungus was
named Piriformospora indica based on its characteristic pear-shaped
chlamydospores. According to the analysis of 185 rDNA and the
ultrastructure of the septal pore, its phylogenetic relationship is within the
Hymenomycetes (Basidiomycota). P. indica tremendously improves the
growth and overall biomass of diverse hosts, including legumes,
medicinal and economically important plants. Pronounced growth
promotional effect was also seen with terrestrial orchids. The fungus
promises to be a potential orchid mycorrhizal fungus. The fungus also
provides protection when inoculated to the tissue culture raised plantlets



Impact of Micro-organisms on Environment and Health 3

by overcoming the ‘transient transplant shock’ on transfer to the field
rendering almost 100% survival. The fungus forms inter- and intracellular
hyphae in the root cortex, often differentiating into dense hyphal coils
(arbuscule-like structures), spore and vesicle-like structures. Like ‘AM
fungi’, hyphae multiply within the host cortical tissues and never traverse
through the endodermis. Likewise, they also do not invade the aerial
portion of the plant (stem and leaves). Fungus has a wide host range from
herbs, shrubs and woody trees. The fungus could be mass multiplied on
cheap and simplified medium. The fungus has great potential for
application in agro-forestry, flori-horticulture, arboriculture, viticulture
and especially for better establishment of tissue culture-raised plants that
is much needed for the application in plant industry thus would open up
numerous opportunities for the optimization of plant productivity in both,
managed and natural ecosystems, while minimizing risks of
environmental damage. Infecting crops with a fungus could be an
alternative to genetically modifying them to boost yields, say scientists. In
research published in the Proceedings of the National Academy of
Sciences, USA (Waller et al. 2005), they showed that barley infected with
fungus Piriformospora indica had three key advantages over uninfected
plants. Apart from being able to grow in salty conditions, the infected
barley yielded up to 11 per cent more grain, mainly because each plant had
more seed-heads than uninfected barley. It naturally infects the roots of
plants growing in the same environment. Scientists found that the fungus
could be used to improve the stress and pathogen resistance of other plants
that are difficult to genetically modify. It can easily be grown on a large
scale and could become a new tool for sustainable agriculture (Verma et al.
1998; Varma et al. 1999; Varma et al. 2001; Pham et al. 2004 and Prasad et
al. 2005). The properties of the fungus, Piriformospora indica, have been
patented (Varma A and Franken P, 1997, European Patent Office,
Muenchen, Germany. Patent No. 97121440.8-2105, Nov. 1998). The culture
has been deposited at Braunsweich, Germany (DMS No.11827) and
National Bureau of Agriculturally Important Micro-organisms (NBAIM),
PUSA New Delhi.

Another endosymbiont namely Geosiphon pyriformis (Kütz.) v.
Wettstein which is the only known fungus forming endosymbiosis with
cyanobacteria, Nostoc punctiforme (Schussler and Kluge 2001; Schussler
and Wolf 2005). At hyphal tips the coenocytic soil fungus forms
unicellular, multinucleated ‘bladders’, about 1-2 mm in size, harbouring
the cyanobacteria. The cyanobacterium can be cultivated without the
fungus, whereas the fungus is an obligate symbiont. The fungus is capable
of incorporating various strains of N. punctiforme. Provided compatibility
of the Nostoc strain with the fungus, each single event of incorporation
results in the formation of one typical Geosiphon bladder.
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Rhizobia: These are bacteria that live in nodules on the roots of nitrogen-
fixing plants, gathering the atmospheric nitrogen for plants like legumes.
Actinobacteria is a kind of bacteria whose members break down the
difficult-to-digest cellulose of trees on forest floors. Some kinds of
actinobacteria, like Frankia, can also fix atmospheric nitrogen and can form
nitrogen-fixing nodules with non-leguminous plants like alder trees.
Endophyte: It is an organism that lives within a plant for at least part of its
life without causing apparent disease. Endophytes are ubiquitous and
have been found in nearly all plants studied to date. Endophytic bacteria
are capable of systemic infection and colonization of inner tissues of
plants, without causing symptoms of any plant disease. In grasses,
nitrogen-fixing bacteria such as Azoarcus sp. or Herbaspirillum seropedicae
colonize the root cortex and, to a lesser extent, the vessels. In most cases
they cannot be isolated root-free indicating that they are ecologically
dependent on the host plant. Our model system consists of a pioneer plant,
Kallar grass, which grows luxuriantly on low-fertility soils in the Punjab of
Pakistan, and Azoarcus sp., diazotrophs abundant inside its roots and
expressing nitrogenase gene(s) therein. In gnotobiotic culture, these bacteria
are also capable of infecting rice seedlings (Reinhold-Hurek and Hurek
1998; Egener and Reinhold-Hurek 2000).
Cyanobacteria (blue-green algae): These tiny entities can photosyn-
thesize, and some hundred strains of cyanobacteria are also able to fix
nitrogen from the air. This enables them to colonize and thrive on barren
areas, such as immediately following a lava flow—or even a nuclear blast!
They are important in the early stages of pioneering harsh conditions.
Some forms of cyanobacteria have also been used traditionally in rice
production to fix nitrogen for rice crops. Several photosynthetic anaerobic
(anoxybiont) serve as azotroph.
Lichens: These are symbiotic beings that are combinations of fungi and
algae. Lichens can break down solid rock, releasing phosphates and
nitrates, which generate food for plant’s roots.
Others: Several diverse groups of fungi, bacteria, yeasts, algae,
protozoans, and many more play crucial roles in maintaining the health
and integrity of soil, and productivity of the land.

Microbes can either be a cause or remedy for environmental problems
and are increasingly used for bioremediation to counteract the effects of
human activity on the earth’s natural system. There are many
opportunities to use microbes to create new ways of doing old things, or to
generate valuable new sources for human society like biodegradable,
renewable microbial plastics which do not cause environmental problems.

Micro-organisms are used in nutrient recycling, in food, feed,
biodegradation, pollution control, waste water treatment, biosynthesis
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