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FOREWORD

Biodiversity of biological diversity is the variety of life on the earth, from the simplest bacterial
gene to the vast, complex rainforests of the Amazon. Human beings are an integral part of this
diversity, as is the food, medicine, clothing and other biological resources that sustain us.
Biodiversity is being threatened at an unprecedented rate due to habitat alternation, degradation
and fragmentation and human misuse or overexploitation. It is therefore not surprising that
biodiversity conservation in recent years has gained considerable importance all over the world.
On the other hand, every country, particularly the developing countries, are facing the need of
developing their economies, improving peoples’ livelihood or providing food security and supply
for a rapidly increasing population.

Our food and energy security strongly depend on biodiversity and so does our vulnerability
to natural hazards such as fires and flooding. Biodiversity loss has negative effects on our
health, material wealth and it largely limits our freedom of choice. As all cultures gain inspiration
from or attach spiritual and religious values to ecosystems or their components, e.g., landscapes,
trees, hills, rivers or particular species. Biodiversity loss also strongly influences our social
relations.

• Biodiversity is essential for global food security and nutrition and also serves as a
safety-net to poor households during crisis.

• Increased diversity of genes within species, e.g., as represented by livestock breeds or
strains of plats, reduces risk from diseases and increases potential to adapt to changing
climates.

• More than 70,000 plant species are used in traditional and modern medicine.
• The value of global ecosystem services is estimated at $16-$64 trillion.
Every decision we take that affects biodiversity, also affects our lives and the lives of

other people. Biodiversity is crucial to human well-being, sustainable development and poverty
reduction. But people, particularly those in the developed world, have become so far removed
from nature that they have forgotten how much they, and others, rely on it.

In the long term, the value of services lost may greatly exceed the short-term economic
benefits that are gained from transforming ecosystems. When we modify an ecosystem to
improve the service it provides, this generally also results in changes to other ecosystem services.
For example, actions to increase food production can lead to reduced water availability in
terms of quantity and quality for other users. This can result in the degradation of many
services, such as fisheries, water supply, and protection against natural hazards, seriously
affecting people’s well-being.
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With the loss of plant and animal diversity, we’re losing the chance to discover new
medicines that could end the suffering of millions of people and save national economies billions
of dollars each year. Coral reefs support the richest marine biodiversity in the world. But it is
not only fellow species that depend on them; coral reefs also provide food, storm protection,
jobs, recreation and other sources of income for more than 500 million people worldwide.

Without biodiversity, we would have no food. Since agriculture began some 12,000 years
ago, approximately 7000 plant species and several thousand animal species have been used for
human consumption. Maintaining healthy biodiversity plays a significant role in climate change
mitigation and the world’s protected areas—national parks, marine reserves, wilderness areas,
and so on are essential in safeguarding this role.

I pen this message with great pleasure that the publication of the “Diversity of Lower
Plants”, is indeed a glorious endeavour. It is a storehouse of knowledge for all scientists,
students and teachers in a single cover which offers innovative study materials in compact and
lucid way.

I am happy to know that Dr. Rajan Kumar Gupta, Department of Botany, Govt. P.G.
Autonomous College, Rishikesh and Dr. Mukesh Kumar, Department of Botany, Sahu Jain
Post-Graduate College, Najibabad are bringing out the volume of “Diversity of Lower Plants”
to cater to the long felt need of scientists, research scholars and students. I congratulate the
editors for their maiden effort and wish them all success in their endeavour.

The devotion and dedication of the editors has enabled the book to occupy a prominent
position in the academic arena. I am sure that it will attain much greater heights in the days to
come.

Dr. Gupta and Dr. Kumar deserve my sincere blessings on this occasion. I wish them all
success.

Prof. A.B. Bhatt
Department of Botany

H.N.B. Garhwal Central University
Srinagar, Garhwal

Foreword



If you plan for one year, plant rice
If you plan for ten years, plant trees

But, if you plan for one hundred years, educate the people.

Biodiversity is the natural biological capital of the mother Earth. It refers to variety of life
forms, i.e., plants, animals and microorganisms. It has been defined as ‘the variability, among
the living organisms from all sources including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part, this includes diversity within
species, between species and of ecosystems’. In recent years, biodiversity has become a global
issue in all important international foray. The ‘Convention on Biological Diversity’ a specific
document on biodiversity, was discussed and adopted in Rio de Janeiro (Brazil) during the
United Nations Conference (June 1992) on Environment and Development, also known as the
‘Earth Summit’.

The Earth Summit made the term ‘biological diversity’ a political catch phrase. Since then
it has become clear to a wide public that are increasingly being confronted with a dramatic
loss of animal and plant species. At the same time, we are becoming aware that more than 905
of our cohabitats on this planet currently remain undiscovered. A great number of them
presumably disappear forever without our ever having known them. Biodiversity includes the
variability in both, i.e., plant and animal species.

Phytodiversity at global scale is a balance between the rate of speciation and the rate of
extinction. At a regional level, it is a balance between the rate of immigration/invasion and that
of local/regional extinction. These rates determine the persistence of the communities. It can
be assessed at genetic, population, species, and ecosystem and landscape levels, at three spatial
scales, viz., local, regional and global. While the assessment at genetic level, molecular techniques
are most profitably used, assessment at other levels depends upon field sampling. Depending
upon the objectives, the inventory could focus on single species or multiple taxa. For single
species inventories, the focus could be on high impact, indicator, umbrella, flagship, threatened
or economically important species.

Phytodiversity provides to the humankind enormous benefits in the form of food, medicine
and industrial products, and has the potential for providing many more yet unknown benefits.
It also provides an array of essential services through natural ecosystems. These include
maintenance of the gaseous composition of the atmosphere, shaping the climate and producing
the soil. It is essential for the ecosystem function and stability. There are several hypotheses
being tested for relationship between biodiversity and ecosystem function.

PREFACE
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Phytodiversity is not uniformly distributed on the earth. There are broad patterns, such as
increasing variations in plants and animals from poles to equator. It is more concentrated in the
tropics because of conditions which permit higher rates of speciation and lower rates of
extinction. About 44% of vascular plants and 35% of vertebrates are concentrated as endemic
species in 25 hot spots, which account for only 1.4% of the local land area.

The pool of living diversity is dynamic, it increases when new gene variation is produced,
a new species is created or a novel ecosystem formed and it decreases when the genetic
variation within the species decreases, a species become extinct or an ecosystem complex is
lost. Today, as ever, human beings are dependent on their sustenance, health well being and
enjoyment of life on fundamental biological systems and processes. Humanity derives all of its
food, many medicines and industrial products from wild or domesticated components of biological
diversity. Biotic reservoirs are source of recreation, and tourism and underpin the ecosystem
which provides us with many services.

Plant diversity as a global resource remains poorly understood, inadequately documented
and often wasted, but still remains immense potential for further development of natural products.
With the explosive growth of human populations, the life support system on the earth is becoming
increasingly threatened as the global change accelerates. Human use of the world’s natural
resources to provide food, shelter, clothing and fuel has led to major environmental changes
including massive deforestation, air and water pollution and global warming. A reduction in
diversity, with the consequent loss of available biological knowledge, erodes our ability to
enhance the economic well-being and quality of species is faced by the world community to
discover, preserve and understand its diversity before our biological heritage is lost forever.

The Indian region represents an immense variety of climatic and altitudinal zones and is
floristically rich. The ecological habitats vary from humid tropical Western Ghats to the hot
deserts of Rajasthan and ice-capped mountains of the Himalaya to warm coasts of Peninsular
India. These habitats favour a wide variety of plants and animals as well. It is estimated that
over 45,000 species of plants are accounted for in India which represent 11% of the known
plant species of the world. These are distributed in varied groups, viz., Angiosperms-15000
spp., Gymnosperms-64 spp., Pteridophytes-1022 spp., Bryophytes-2584 spp., Lichens-1600
spp., Fungi-23000 spp., Algae-2500 spp., and Bacteria-850 spp. The flowering plants of India
comprise about 6% of the world’s known flowering plants. About 315 families (of a total of
400 now defined) and 2250 genera of flowering plants are known to occur in India in different
ecosystems. ‘Every form of life is unique and warrants respect regardless of its worth to
human beings’. The favour and intensity of attention is based on the fact that, over time, the
value of the variety may be found in the opportunities it provides humanity for adapting to
local and global climate change. Pollution is one of the major ecological threats to the biodiversity.
The effect of pollution on plant is more noticeable than on the other forms of life. Being
rooted, they are unable to evade deleterious environmental changes although they are endowed
with considerable degree of tolerance and stress resistance. Sensitivity varies from species to
species, age of the plant, and pollution load to which it is exposed. Around 1336 plant species
in India are considered vulnerable and endangered. Habit destruction, overexploitation and
environmental pollution are the major factors responsible for it.
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The loss of biodiversity is a global crisis. There is hardly any region on the earth that is
not facing ecological catastrophes. Biological extinction has been a natural phenomenon in
geological history. However, man’s intervention has speeded up extinction rates all the more.
The destruction of the world’s tropical forests, which are disappearing at an alarming rate, is
one of today’s urgent global environmental issues. The loss of plant/animal diversity has immediate
and long-term effects on human survival. The plant genetic resources are being depleted at an
alarming pace throughout the world. Current rates of extinction demand immediate concerted
efforts for conservation of biodiversity.

We seem to be entering into the phase of mass extinction. Today, we are losing two to
five species per hour from tropical forests alone. This amounts to a loss of 16 m populations
per year or 1800 populations per hour. If the present trend continues, about 25% of the total
2,50,000 higher plant species will be lost in the next few decades and another 25% by the end
of the 21st century. There were around 25,000 species of flowering plants some 125 million
years ago, by the late Cretaceous this number had swelled to 1,00,000 and today there are
some 2,00,000 species of plants on the Earth. Additionally, while the past extinctions occurred
each time over a span of million years or less, the present mass extinction may well occur
within a short period of about 200 years, and plants (which make the base of the food chain)
will be equally or worse affected.

India’s phytodiversity is one of the most significant in the world. India is one of the
twelve mega-biodiversity centres in the world and also an important centre of origin of
agribiodiversity. It is therefore, very important to study, document and conserve the plant
wealth of India and also of the world before its extinction.

The diversity of plant life is essential for most of our terrestrial ecosystems. Humans and
most other animals are almost totally dependent on plants, directly or indirectly, as a source of
energy through their ability to convert the sun’s energy through photosynthesis. Worldwide
tens of thousands of species of higher plants, and several hundreds of lower plants, are currently
used by humans for a wide diversity of purposes as food, fibre, oil, herbs, spices, industrial
crops and fodder for domesticated animals. In the tropics alone it has been estimated that
25,000 – 30,000 species are in use and up to 25,000 species have been used in transitional
medicines. In addition, many thousands of species are grown as ornamentals in parks, public
and private gardens, as street trees and for shade and shelter. Another important role of plant
life is the provision of ecosystem services of protection of water sheds, stabilization of slopes,
improvement of soils, modernization of climate and the provision of a habit for much of our
wild fauna.

While it is generally accepted today that the conservation of all biodiversity should be our
goal, especially through the preservation and sustainable use of natural habitats, this is an ideal
that is unlikely to be achieved and there are convincing scientific, economic and sociological
reasons for giving priority to the conservation of the major centers of plant diversity throughout
the world, especially as this will very often also lead to the conservation of much plants,
animals and microorganisms.

The strategies to conserve the biodiversity include establishment of protected area network
and corridors with emphasis on appropriate levels of management, reduction of anthropogenic
pressure on natural populations by cultivating them elsewhere, programmes of augmentation,
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reintroduction and introduction of target taxa, restoration of degraded habitats, etc. The
conservation strategies can be either, in situ conservation of genetic resources within their
ecosystem and natural habitat or ex situ conservation of components of genetic material of
biological diversity outside their natural habitat. The choice of conservation strategy depends
on the nature of the material to be conserved, i.e., the life cycle and mode of reproduction,
size of individual population and ecological status. Ex situ techniques include the establishment
of botanical and zoological gardens, banks of pollen, seed tissue culture, DNA, etc. Establishment
of forest reserves, national parks, protected areas and on farm conservation of valuable plant
varieties is being promoted to facilitate their in situ conservation.

The present book is the compilation of 26 chapters in the form of research papers and
review articles contributed by the eminent scientists and research workers who are acknowledged
internationally in their respective fields. The book has been prepared with the intention of
providing a sufficient depth of the subject to satisfy the academic needs of the reader up to a
higher level, which will be comprehensive and interesting. There are articles on the various
groups of plants, i.e., algae, fungi, cyanobacteria, lichen, pteridophyta bacteria, mycorrhiza,
etc. The book in its totality, contain useful information for the postgraduate students, teachers,
scientists and researchers dealing with basic and applied Botany, Microbiology, Mycology,
Environmental Biology, forestry and Agricultural Botany. Moreover, it will prove useful for
Government Departments dealing with forestry, social forestry and the cultivation of medicinal
plants. We do hope that all those interested in the pursuit of plant diversity and its conservation
would find the volume useful and stimulating.

– Rajan K. Gupta and Mukesh Kumar
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