(ISSN 2395 - 468X)
Year - 2015 Vol. 2, No. 10 Issue: October 2015

.
[

OO

o
+ﬂ#¥$§$§$ﬁ$ﬁﬁﬁﬁh
I e o o e
e o
bt ~

Tropical Forest Research Institute

(Indian Council of Forestry Research and Education)

PO RFRC, Mandla Road, Jabalpur — 482021




Van Sangyan Vol. 2, No. 10, Issue: October, 2015

Yan Sangyan

Editoriral Board

Patron: Dr. U. Prakasham, IFS
Vice Patron: P. Subramanyam, IFS
Chief Editor: Dr. N. Roychoudhury
Editor & Coordinator: Dr. Naseer Mohammad
Assistant Editor: Dr. Rajesh Kumar Mishra

Note to Authors:

We welcome the readers of Van Sangyan to write to us about their views and issues

in forestry. Those who wish to share their knowledge and experiences can send

them:
by e-mail to vansangyan_tfri@icfre.org
or, through post to The Editor, Van Sangyan,

Tropical Forest Research Institute,

PO-RFRC, Mandla Road,

Jabalpur (M.P.) - 482021.
The articles can be in English, Hindi, Marathi, Chhattisgarhi and Oriya, and should
contain the writers name, designation and full postal address, including e-mail id and
contact number.
TFRI, Jabalpur houses experts from all fields of forestry who would be happy to
answer reader's queries on various scientific issues. Your queries may be sent to
The Editor, and the expert’s reply to the same will be published in the next issue of

Van Sangyan.


file:///E:\Desktop\website\VanSangyan\Van-Vangyan\index.html
file:///E:\Desktop\website\VanSangyan\Van-Vangyan\index.html

Van Sangyan Vol. 2, No. 10, Issue: October, 2015

From the Editor’s desk

The ozone layer is a layer in earths atmosphere which contains relatively high
concentrations of ozone. This layer absorbs 95-99% of the sun's high frequency
ultraviolet light, which is potentially damaging to hife on earth. [ver G1% of the ozone in
garth’s atmosphere is present here. It is mainly located in the lower portion of the
stratosphere from approximately I km to 50 km above earth, though the thickness
varies seasonally and geagraphically. The ozone layer was discovered in [913 by the
French physicists Lharles Fabry and Henri Buisson. Its properties were explored in
detail by the British meteorologist 6. M. B Oobson, who developed a simple
spectrophotometer (the Dobson meter) that could be used to measure stratospheric
ozone from the ground. Between 1978 and 1958 Dobson established a worldwide network of ozone monitaring stations
which continues to operate today. The "Dobson umit” a convenient measure of the total amount of ozone. he ozone
layer is not really a layer at all, but has become known as such because most ozone particles are scattered between 19
and 3l kilometers (17 to 500 miles) up in the earth’s atmosphere, in a region called the stratosphere. The concentration
of ozone in the ozone layer is usually under 1] parts ozane per million . Without the ozone layer, a lot of ultraviolet (1))
radiation from the Sun would not be stopped reaching the earth’s surface, causing untold damage to most living
SPELIES.

This issue of Van Sangyan contains an article on earth's natural sun screen - ozone layer and our enviromment rofe of
ozone layer in environment. There are also useful articles on impact of open cast coal mines on biodiversity and social
aspect agroforestry in eastern Uttar Pradesh, exploring social media as a driver far effective biodiversity
canservation in India, lypes, importance and factors affecting mycorrhiza production for sustainable plant growth,
plant defence against abiotic and biotic stress, some medizinal plants of Achanakmar-Amarkanyak biosphere reserve,
their use and conservation and biodiversity of Primula denticulate and Iragopan melanocephalus.

/ hope that readers would find &/l information in this issue relevant and valuable. Van Sangyan welcomes articles, views

Dr. N. Roychoudhary
Scientist G & Chief Editor

and queries on various issues in the field of forest science.
Looking forward to meet you all through forthcoming issues.
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Earth's natural sun screen - ozone layer and our environment
(On September 16, 2015 World Ozone Day)

Dr. Rajesh Kumar Mishra, Dr. Naseer Mohammad and Dr. N. Roychoudhury
Tropical Forest Research Institute
Jabalpur

The United Nations' (UN) International Day
for the Preservation of the Ozone Layer is
celebrated on September 16 every year. This
event commemorates the date of the signing
of the Montreal Protocol on Substances that
Deplete the Ozone Layer in 1987. This Day
marks the importance of Ozone layer and its
role in the environment. The United Nations
General Assembly has designated this Day
to reflect the adoption of Montreal Protocol
on substances that deplete the Ozone layer.
There are numerous activities and programs
organized to spread awareness about the
global phenomenon of Ozone layer
depletion. Al member nations of the
Montreal protocol take this opportunity to
take some concrete steps at their national
level in accordance with the aims and
objectives of Montreal protocol.

The Theme for the 30th Anniversary of the
Vienna Convention and 21st International
Day for the Preservation of the Ozone Layer
for year 2015 is “30 Years of Healing the
Ozone Together.” The theme is supported
by the slogan “Ozone: All there is
between you and UV.”

The ozone layer is the Earth's natural
sunscreen, filtering out harmful ultraviolet
(UV) rays from the sun. UV rays can cause
damage to humans and other forms of life.
Although the ozone layer is high up in the
atmosphere, chemical substances used at the

surface of the planet can damage it. If the
ozone layer is damaged, UV rays can get
through and cause damage to humans and
other forms of life.

Therefore, the ozone layer must be protected
from these chemicals so that it can recover
from the damage over many years. One of
the chemicals used that damages the ozone
layer is a refrigerant gas known as R22. This
gas (a hydrochlorofluorocarbon or HCFC) is
one of the last remaining ozone depleting
substances that is in common use.

Countries worldwide have been making
great efforts to phase out Ozone-Depleting
Substances and to renew their commitment
to implement the Montreal Protocol.
Lebanon is one of these committed
countries.
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Since 1998, the Ozone Office, established
by UNDP through the Multilateral Fund at
the Ministry of Environment, facilitated the
promotion of the ODS phase-out programme
in Lebanon by organizing innovative events
to focus attention and action, as well as raise
the awareness of the general public on the
protection of the ozone layer.

In 1987 representatives from 24 countries
met in Montreal and announced to the world
that it was time to stop destroying the ozone
layer. In so doing, these countries committed
themselves, via the Montreal Protocol on
Substances that Deplete the Ozone Layer, to
rid the world of substances that threaten the
ozone layer.

On December 19, 1994, the UN General
Assembly proclaimed September 16 to be
the International Day for the Preservation of
the Ozone Layer, commemorating the date
when the Montreal Protocol on Substances
that Deplete the Ozone Layer was signed in
1987. The day was first celebrated on
September 16, 1995.

Ozone is very rare in our atmosphere,
averaging about three molecules of ozone
for every 10 million air molecules. In spite
of this small amount, ozone plays a vital role
in the atmosphere. In the information below,
we present “the basics" about this important
component of the Earth's atmosphere.

Ozone is mainly found in two regions of the
Earth's atmosphere. Most ozone (about
90%) resides in a layer that begins between
6 and 10 miles (10 and 17 kilometers) above
the Earth's surface and extends up to about
30 miles (50 kilometers). This region of the
atmosphere is called the stratosphere. The
ozone in this region is commonly known as
the ozone layer. The remaining ozone is in

the lower region of the atmosphere, which is
commonly called the troposphere. The
figure (above) shows an example of how
ozone is distributed in the atmosphere.

The ozone molecules in the upper
atmosphere (stratosphere) and the lower
atmosphere (troposphere) are chemically
identical, because they all consist of three
oxygen atoms and have the chemical
formula O3. However, they have very
different roles in the atmosphere and very
different effects on humans and other living
beings. Stratospheric ozone (sometimes
referred to as "good ozone™) plays a
beneficial role by absorbing most of the
biologically damaging ultraviolet sunlight
(called UV-B), allowing only a small
amount to reach the Earth's surface. The
absorption of ultraviolet radiation by ozone
creates a source of heat, which actually
forms the stratosphere itself (a region in
which the temperature rises as one goes to
higher altitudes). Ozone thus plays a key
role in the temperature structure of the
Earth's atmosphere. Without the filtering
action of the ozone layer, more of the Sun's
UV-B radiation would penetrate the
atmosphere and would reach the Earth's
surface. Many experimental studies of plants
and animals and clinical studies of humans
have shown the harmful effects of excessive
exposure to UV-B radiation.

At the Earth's surface, ozone comes into
direct contact with life-forms and displays
its destructive side (hence, it is often called
"bad ozone"). Because ozone reacts strongly
with other molecules, high levels of ozone
are toxic to living systems. Several studies
have documented the harmful effects of
ozone on crop production, forest growth,
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and human health. The substantial negative
effects of surface-level tropospheric ozone
from this direct toxicity contrast with the
benefits of the additional filtering of UV-B
radiation that it provides.

The dual role of ozone leads to two separate
environmental issues. There is concern
about increases in ozone in the troposphere.
Near-surface ozone is a key component of
photochemical "smog,” a familiar problem
in the atmosphere of many cities around the
world. Higher amounts of surface-level
ozone are increasingly being observed in
rural areas as well.

There is also widespread scientific and
public interest and concern about losses of
ozone in the stratosphere. Ground-based and
satellite  instruments have  measured
decreases in the amount of stratospheric
ozone in our atmosphere. Over some parts of
Antarctica, up to 60% of the total overhead
amount of ozone (known as the column
ozone) is depleted during Antarctic spring
(September-November). This phenomenon
is known as the Antarctic ozone hole. In the
Arctic polar regions, similar processes occur
that have also led to significant chemical
depletion of the column ozone during late
winter and spring in 7 out of the last 11
years. The ozone loss from January through
late March has been typically 20-25%, and
shorter-period losses have been higher,
depending on the meteorological conditions
encountered in the Arctic stratosphere.
Smaller, but still significant, stratospheric
decreases have been seen at other, more-
populated regions of the Earth. Increases in
surface UV-B radiation have been observed
in association with local decreases in

stratospheric ozone, from both ground-based
and satellite-borne instruments.

The scientific evidence, accumulated over
more than two decades of study by the
international  research community, has
shown that human-produced chemicals are
responsible for the observed depletions of
the ozone layer. The ozone-depleting
compounds contain various combinations of
the chemical elements chlorine, fluorine,
bromine, carbon, and hydrogen and are often
described by the general term halocarbons.
The compounds that contain only chlorine,
fluorine, and carbon are  called
chlorofluorocarbons, usually abbreviated as
CFCs. CFCs, carbon tetrachloride, and
methyl chloroform are important human-
produced ozone-depleting gases that have
been used in many applications including
refrigeration, air  conditioning,  foam
blowing, cleaning of electronics
components, and as solvents. Another
important group of  human-produced
halocarbons is the halons, which contain
carbon, bromine, fluorine, and (in some
cases) chlorine and have been mainly used
as fire extinguishants.

Through an international agreement known
as the Montreal Protocol on Substances that
Deplete the Ozone Layer, governments have
decided to eventually discontinue production
of CFCs, halons, carbon tetrachloride, and
methyl chloroform (except for a few special
uses), and industry has developed more
"ozone-friendly" substitutes. All other things
being equal, and with adherence to the
international agreements, the ozone layer is
expected to recover over the next 50 years or
SO.
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he ozone layer is a belt of naturally
occurring ozone gas that sits 9.3 to 18.6
miles (15 to 30 kilometers) above Earth and
serves as a shield from the harmful
ultraviolet B radiation emitted by the sun.
Ozone is a highly reactive molecule that
contains three oxygen atoms. It is constantly
being formed and broken down in the high
atmosphere, 6.2 to 31 miles (10 to 50
kilometers) above Earth, in the region called
the stratosphere.

Today, there is widespread concern that the
ozone layer is deteriorating due to the
release of pollution containing the chemicals
chlorine and bromine. Such deterioration
allows large amounts of ultraviolet B rays
to reach Earth, which can cause skin cancer
and cataracts in humans and harm animals
as well.

Extra ultraviolet B radiation reaching Earth
also inhibits the reproductive cycle of
phytoplankton, single-celled organisms such
as algae that make up the bottom rung of the
food chain. Biologists fear that reductions in
phytoplankton populations will in turn lower
the populations of other animals.
Researchers also have documented changes
in the reproductive rates of young fish,
shrimp, and crabs as well as frogs and
salamanders exposed to excess ultraviolet B.
Chlorofluorocarbons  (CFCs), chemicals
found mainly in spray aerosols heavily used
by industrialized nations for much of the
past 50 years, are the primary culprits in
ozone layer breakdown. When CFCs reach
the upper atmosphere, they are exposed to
ultraviolet rays, which causes them to break
down into substances that include chlorine.
The chlorine reacts with the oxygen atoms
in ozone and rips apart the ozone molecule.

One atom of chlorine can destroy more than
a hundred thousand ozone molecules,
according to the the U.S. Environmental
Protection Agency.

The ozone layer above the Antarctic has
been particularly impacted by pollution
since the mid-1980s. This region’s low
temperatures speed up the conversion of
CFCs to chlorine. In the southern spring and
summer, when the sun shines for long
periods of the day, chlorine reacts with
ultraviolet rays, destroying ozone on a
massive scale, up to 65 percent. This is what
some people erroneously refer to as the
"ozone hole." In other regions, the ozone
layer has deteriorated by about 20 percent.
About 90 percent of CFCs currently in the
atmosphere were emitted by industrialized
countries in the Northern Hemisphere,
including the United States and Europe.
These countries banned CFCs by 1996, and
the amount of chlorine in the atmosphere is
falling now. But scientists estimate it will
take another 50 years for chlorine levels to
return to their natural levels.

Ozone layer is a deep layer in earth’s
atmosphere that contains ozone which is a
naturally occurring molecule containing
three oxygen atoms. These ozone molecules
form a gaseous layer in the Earth’s upper
atmosphere called stratosphere. This lower
region of stratosphere containing relatively
higher concentration of ozone is called
Ozonosphere. The ozonosphere is found 15-
35 km (9 to 22 miles) above the surface of
the earth. The average concentration of
ozone in the atmosphere is around 0.6 parts
per million. The thickness of the ozone layer
differs as per season and geography. The
highest concentrations of ozone occur at
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altitudes from 26 to 28 km (16 to 17 miles)
in the tropics and from 12 to 20 km (7 to 12
miles) towards the poles.

The ozone layer forms a thick layer in
stratosphere, encircling the earth, that has
large amount of ozone in it. It protects our
planet i.e. Earth from the harmful radiations
that comes from the sun. The ozone layer
was discovered in 1913 by the French
physicists Charles Fabry and Henri Buisson.
The ozone layer has the capability to absorb
almost 97-99% of the harmful ultraviolet
radiations that sun emit and which can
produce long term devastating effects on
humans beings as well as plants and
animals.

Importance of ozone layer

An essential property of ozone molecule is
its ability to block solar radiations of
wavelengths less than 290 nanometers from
reaching Earth’s surface. In this process, it
also absorbs ultraviolet radiations that are
dangerous for most living beings. UV
radiation could injure or kill life on Earth.
Though the absorption of UV radiations
warms the stratosphere but it is important
for life to flourish on planet Earth. Research
scientists have anticipated disruption of
susceptible  terrestrial and aquatic
ecosystems due to depletion of ozone layer.
Ultraviolet radiation could destroy the
organic matter. Plants and plankton cannot
thrive, both acts as food for land and sea
animals,  respectively.  For  humans,
excessive exposure to ultraviolet radiation
leads to higher risks of cancer (especially
skin cancer) and cataracts. It is calculated
that every 1 percent decrease in ozone layer
results in a 2-5 percent increase in the
occurrence of skin cancer. Other ill-effects

of the reduction of protective ozone layer
include — increase in the incidence of
cataracts, sunburns and suppression of the
immune system.

Reasons for ozone layer depletion

During the last several decades, human
activities have resulted in considerable
reduction in the ozone layer of the
atmosphere. Ozone depletion occurs when
destruction of the stratospheric ozone is
more than the production of the molecule.
The scientists have observed reduction in
stratospheric ozone since early 1970s. It is
found to be more prominent in Polar
Regions.

There are two regions in which the ozone
layer has depleted.

In the mid-latitude, for example, over
Australia, ozone layer is thinned. This has
led to an increase in the UV radiation
reaching the earth. It is estimated that about
5-9% thickness of the ozone layer has
decreased, increasing the risk of humans to
over-exposure to UV radiation owing to
outdoor lifestyle.

In atmospheric regions over Antarctica,
ozone layer is significantly thinned,
especially in spring season. This has led to
the formation of what is called ‘ozone hole’.
Ozone holes refer to the regions of severely
reduced ozone layers. Usually ozone holes
form over the Poles during the onset of
spring seasons. One of the largest such hole
appears annually over Antarctica between
September and November.

Natural causes of depletion of ozone layer:
Ozone layer has been found to be affected
by certain natural phenomena such as Sun-
spots and stratospheric winds. But this has
been found to cause not more than 1-2%
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depletion of the ozone layer and the effects
are also thought to be only temporary. It is
also believed that the major volcanic
eruptions (mainly EI Chichon in 1983 and
and Mt. Pinatubo in 1991) has also
contributed towards ozone depletion.

Man-made causes of depletion of ozone
layer: The main cause for the depletion of
ozone is determined as excessive release of
chlorine and bromine from man-made
compounds such as chlorofluorocarbons
(CFCs). CFCs  (chlorofluorocarbons),
halons, CH3CCI3 (Methyl chloroform),
CCl4 (Carbon tetrachloride), HCFCs
(hydro-chlorofluorocarbons),  hydrobromo
fluorocarbons and methyl bromide are found
to have direct impact on the depletion of the
ozone layer. These are categorized as ozone-
depleting substances (ODS).
Chlorofluorocarbons are released into the
atmosphere due to: Cleaning Agents,
Coolants in refrigerators, Packing material,
Air conditioning and Aerosol spray cans etc.
The problem with the Ozone-Depleting
Substances (ODS) is that they are not
washed back in the form of rain on the earth
and in-fact remain in the atmosphere for
quite a long time. With so much stability,
they are transported into the stratosphere.
The emission of ODS account for roughly
90% of total depletion of ozone layer in
stratosphere. These gases are carried to the
stratosphere layer of atmosphere where
ultraviolet radiations from the sun break
them to release chlorine (from CFCs) and
bromine (from methyl bromide and halons).
The chlorine and bromine free radicals react
with ozone molecule and destroy their
molecular structure, thus depleting the ozone
layer. One chlorine atom can break more

than 1, 00,000 molecules of ozone. Bromine
atom is believed to be 40 times more
destructive than chlorine molecules.

Some ozone depleting substances
Chlorofluorocarbons: Account for more
than 80% of ozone depletion. Used in
freezers, air cooling component, dry-
cleaning agents, hospital sterilants.

Methyl chloroform: Used for vapour
degreasing, some aerosols, cold cleaning,
adhesives and chemical processing.
Hydrochlorofluorocarbons: Substitutes for
CFC’s but still play a vital role in ozone
depletion.

Halons

Carbon tetrachloride: Mainly used in fire
extinguishers

The "hole" in the ozone layer of our
atmosphere is finally beginning to close up,
according to observations by NASA
scientists. Currently 12 million miles wide,
the hole will be eight million miles wide
within three decades, and will have
disappeared by the end of the century.
NASA's Aura satellite and Suomi NPP
partnership satellite measured the ozone in
the southern hemisphere for each year from
1979-2013, except 1995.

A report published in the journal
Geophysical Research comes as a proof of
the effectiveness of the Montreal Protocol
initiated in 1987 to limit the use of gas
propellants like chlorofluorocarbons (CFCs)
worldwide and protect the ozone layer.
"With this new information, we can look
into the future and say with confidence that
ozone hole will be consistently smaller than
eight million square miles by 2040," said
Susan Strahan, a senior research scientist at
the Nasa Goddard Space Flight Center.
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The CFCs released by the products were
found to interact with UV radiation to
release chlorine, which in turn destroyed the
ozone. One atom of chlorine can destroy
more than a 100,000 ozone molecules,
according to the US Environmental
Protection Agency.

It was in 1985 that scientists from the British
Antarctic Survey first reported observations
of large losses of ozone over Antarctica.
With wind currents sweeping the CFCs
toward the poles, the effect was pronounced
there as the polar vortex trapped the
chemicals which accumulated over time to
high concentrations.

As the sun shines for long periods of the
day, chlorine reacts with ultraviolet rays,
destroying ozone on a massive scale of up to
65% creating the hole seen by the BAS
team, says NatGeo.

The ozone layer at 15 to 30kms above Earth
shields the planet from harmful levels of
ultraviolet rays, which can cause cancer,
cataracts and sunburn.

Ultraviolet B radiation reaching Earth can
inhibit  the  reproductive  cycle of
phytoplankton that make up the bottom rung
of the food chain.

However, some scientists believe that
restoring the ozone layer will add to global
warming as ozone is a greenhouse gas and
can trap heat in the atmosphere.

The effect of increasing temperature over
the southern pole has seen many alarming
studies on the rapid rate of ice melt in the
Antarctic continent.

The flip side is that ozone-depleting
substances like CFCs are also powerful
greenhouse gases and while substitutes are

ozone safe, many are powerful greenhouse
gases.

In their first review in four years, the UN
has confirmed today (10 September) that the
fragile ozone layer is "well on track™ for
recovery by mid-century.

"The Earth's protective ozone layer is well
on track to recovery in the next few
decades... before mid-century in mid-
latitudes and the Arctic, and somewhat later
for the Antarctic ozone hole,” read a
statement from the report, which is co-
produced by the UN Environment
Programme (UNEP) and the World
Meteorological Organisation (WMO).

The ozone layer is a natural protective shield
for life on Earth that filters out harmful
ultraviolet light from the Sun that can lead to
skin cancer. Ozone hole is a term that
represents the annual thinning of the ozone
layer over Antartica, mostly by manmade
chlorine compounds, such as propellants
found in hair sprays.

The report also confirmed that the ozone
hole over Antarctica has stopped growing
bigger every year, however, it will take a
decade before it starts shrinking.

While UNEP chief Achim Steiner celebrated
the Montreal Protocol, she noted that, “the
challenges that we face are still huge. The
success of the Montreal Protocol should
encourage further action not only on the
protection and recovery of the ozone layer
but also on climate."

While the 110-page report authored by 200
scientists brought good news, it also carried
some warnings pointing towards the rise of
ozone-eroding compounds, like carbon
tetrachloride and man-made nitrous oxide
(NO).
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\, International Day for the Preservation of the

Zone Layer

"International action on the ozone layer is a
major environmental success story ... This
should encourage us to display the same
level of urgency and unity to tackle the even
greater challenge of tackling climate
change,” said Michel Jarraud, WMO
Secretary-General.

There has been an unexpected increase in a
substance linked with the destruction of the
ozone layer, scientists have said.

Under the Montreal Protocol, the 1989
treaty to protect the ozone layer by phasing
out destructive substances, it was expected
there would be a steady decline in these
chemicals.

However, researchers at the University of
Leeds working with an international team of
scientists have found there has been an
increase in atmospheric hydrogen chloride
(HCI).

Published in the journal Nature, experts said
the recent and unexpected increase is due to
a temporary anomaly in atmospheric

circulation, which changes the balance
between CFCs and their breakdown product
—HCI.

The increase in HCI was only seen in the
northern hemisphere. Concentrations of the
substance  declined in the southern
hemisphere in line with expectations.

NASA recently announced the ozone hole
over the Antarctic was about the size of
North America at its peak this year — a very
small increase on the maximum reached last
year.

“Through  comparison  with  detailed
computer models, we have identified this
decline as temporary due to changes in
upper atmospheric wind patterns, so we
remain optimistic that the ozone layer will
recover during the second half of the
century”

Martyn Chipperfield, who led the modelling
work for the study, said: "The expected
deterioration of ozone-destroying chemicals
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in the atmosphere is certainly more complex
than we had imagined.

"Rather than a steady decline, these findings
have presented a rather more complicated
picture.

"Through  comparison  with  detailed
computer models, we have identified this
decline as temporary due to changes in
upper atmospheric wind patterns, so we
remain optimistic that the ozone layer will
recover during the second half of the
century."”

He said there are natural differences
between the northern and southern
hemispheres, which explain the differences
between the two regions in terms of HCI.
"While atmospheric chlorine levels remain
high we may see cases of large ozone
depletion, especially over the polar regions,”
Chipperfield said.

Researcher Peter Bernath, from the
University of York, added: "Atmospheric
variability and perhaps climate change can
significantly modify the path towards full
recovery and, ultimately, it will be a bumpy
ride rather than a smooth evolution.

"The recovery of ozone-depleting chemicals
in the atmosphere is a slow process and will
take many decades. During this time the
ozone layer remains vulnerable."

Scientific evidence indicates  that
stratospheric ozone is being destroyed by a
group  of  manufactured  chemicals,
containing chlorine and/or bromine. These
chemicals are called "ozone-depleting
substances"” (ODS).

ODS are very stable, nontoxic and
environmentally safe in the lower
atmosphere, which is why they became so
popular in the first place. However, their

very stability allows them to float up, intact,
to the stratosphere. Once there, they are
broken apart by the intense ultraviolet light,
releasing chlorine and bromine. Chlorine
and bromine demolish ozone at an alarming
rate, by stripping an atom from the ozone
molecule. A single molecule of chlorine can
break apart thousands of molecules of
0zone.

What's more, ODS have a long lifetime in
our atmosphere — up to several centuries.
This means most of the ODS we've released
over the last 80 years are still making their
way to the stratosphere, where they will add
to the ozone destruction.

The main ODS are chlorofluorocarbons
(CFCs), hydrochlorofluorcarbons (HCFCs),
carbon tetrachloride and methyl chloroform.
Halons (brominated fluorocarbons) also play
a large role. Their application is quite
limited: they're used in specialized fire
extinguishers. But the problem with halons
is they can destroy up to 10 times as much
ozone as CFCs can. For this reason, halons
are the most serious ozone-depleting group
of chemicals emitted in British Columbia.
Hydrofluorocarbons (HFCs) are being
developed to replace CFCs and HCFCs, for
uses such as vehicle air conditioning. HFCs
do not deplete ozone, but they are strong
greenhouse gases. CFCs are even more
powerful contributors to global climate
change, though, so HFCs are still the better
option until even safer substitutes are
discovered.

The main ozone depleting substances
(ODS)

e Chlorofluorocarbons (CFCs)
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o The most widely used ODS,
accounting for over 80% of total
stratospheric ozone depletion.

o Used as coolants in refrigerators,
freezers and air conditioners in
buildings and cars manufactured
before 1995.

o Found in industrial solvents, dry-
cleaning agents and hospital
sterilants.

o Also used in foam products —
such as soft-foam padding (e.g.
cushions and mattresses) and
rigid foam (e.g. home insulation).

Halons

o Used in some fire extinguishers,
in cases where materials and
equipment would be destroyed
by water or other fire
extinguisher chemicals. In B.C.,
halons cause greater damage to
the ozone layer than do CFCs
from automobile air conditioners.

Methyl Chloroform
o Used mainly in industry — for

vapour degreasing, some
aerosols, cold cleaning,
adhesives and chemical
processing.

Carbon Tetrachloride

o Used in solvents and some fire

extinguishers.
Hydrofluorocarbons (HCFCs)

o HCFCs have become major,
“transitional”  substitutes  for
CFCs. They are much less
harmful to stratospheric ozone
than CFCs are. But HCFCs they
still cause  some  0zone
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destruction and are

greenhouse gases.
Stratospheric ozone filters out most of
the sun's potentially harmful shortwave
ultraviolet (UV) radiation. If this ozone
becomes depleted, then more UV rays
will reach the earth. Exposure to higher
amounts of UV radiation could have

potent

serious impacts on human beings,
animals and plants, such as the
following:

Harm to human health:

o More skin cancers, sunburns and
premature aging of the skin.

o More cataracts, blindness and
other eye diseases: UV radiation
can damage several parts of the
eye, including the lens, cornea,
retina and conjunctiva.

o Cataracts (a clouding of the lens)
are the major cause of blindness
in the world. A sustained 10%
thinning of the ozone layer is
expected to result in almost two
million new cases of cataracts
per year, globally (Environment
Canada, 1993).

o Weakening of the human
immune system
(immunosuppression). Early

findings suggest that too much
UV radiation can suppress the
human immune system, which
may play a role in the
development of skin cancer.
Adverse impacts on agriculture, forestry
and natural ecosystems:
o Several of the world's major crop
species are particularly
vulnerable to increased UV,
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resulting in reduced growth,
photosynthesis and flowering.
These species include wheat,
rice, barley, oats, corn, soybeans,
peas, tomatoes, cucumbers,
cauliflower, broccoli and carrots.

o The effect of ozone depletion on
the Canadian agricultural sector
could be significant.

o Only a few commercially
important trees have been tested
for UV (UV-B) sensitivity, but
early results suggest that plant
growth, especially in seedlings, is
harmed by more intense UV
radiation.

e Damage to marine life:

o In particular, plankton (tiny
organisms in the surface layer of
oceans) are threatened by
increased UV radiation. Plankton
are the first vital step in aquatic
food chains.

o Decreases in plankton could
disrupt the fresh and saltwater
food chains, and lead to a species
shift in Canadian waters.

o Loss of biodiversity in our
oceans, rivers and lakes could
reduce fish yields for commercial
and sport fisheries.

e Animals:

o In domestic animals, UV
overexposure may cause eye and
skin cancers. Species of marine
animals in their developmental
stage (e.g. young fish, shrimp
larvae and crab larvae) have been
threatened in recent years by the

increased UV radiation under the
Antarctic ozone hole.

e Materials:

o Wood, plastic, rubber, fabrics
and many construction materials
are degraded by UV radiation.

o The economic impact of
replacing  and/or  protecting
materials could be significant.

e Although most ozone depleting
substances are used in industry and
commerce, what you do at home can still
make a difference. The most effective
way of protecting the ozone layer is to
reduce or even stop using o0zone
depleting chemicals. You can do this by:

e buying air-conditioners that do not use
HCFCs or CFCs as refrigerants;

e regularly inspecting and maintaining
your air-conditioners and refrigeration
appliances to minimise refrigerant leaks;

e Recovering and recycling HCFCs and
CFCs in air-conditioners and
refrigeration appliances when they are
serviced; replacing and retrofitting such
equipment to operate on non-HCFC and
non-CFC refrigerant should also be
considered.

Overall, the best way to help protect the

ozone layer is to stop buying all products,

big and small, that contain ozone depleting

substances. Together we can make a

difference.
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Impact of open cast coal mines on biodiversity and social aspect

P.B. Meshram
Biodiversity Division
Tropical Forest Research Institute,
P.O. RFRC, Mandla Road, Jabalpur-482021 M.P.

Introduction
The open cast coal mining and protection of

environment are essential for survival and
prosperity of human race. The important
impact of coal mining is damage of lands.
Coal India limited recorded production of
435.84 million tons of Coal in 2011-2012
(Anonymous, 2012). During the 1% Plan
period, the need for increasing coal
production efficiently by systematic and
scientific development of the coal industry
was felt, resulting in setting up of the
National Coal Development Corporation
(NCDC). Right from its genesis, the
commercial coal mining in modern times in
India has been dictated by the needs of the
domestic consumption. Given the size of
India’s coal mining industry it is no surprise
that its environmental impacts are
considerable. Mining can generally be
divided into four phases: exploration,
development, extraction and Exploration is
the defining of the extent and value of the
ore. During the development stage, the
deposit is opened for  production
(exploitation or extraction), i.e. access is
gained to the deposit. This is done by either
stripping the overburden to expose the ore
near the surface or by excavating openings
as preparation for underground mining for
deeper deposits. The choice of extraction
method is based on the characteristics of the
mineral, safety and environmental concerns,

and technology and economics (Hartman
and Mutmansky, 2002).

Impact on biodiversity

The biosphere is adversely affected by
mining mainly Dby pollution and by
degradation of land and vegetation resulting
in loss in biodiversity. Mining can also have
impact on local microclimate
(Aswathanaryana, 2003). The most obvious
impact to biodiversity from mining is the
removal of vegetation, which in turn alters
the availability of food and shelter for
wildlife. At a broader scale, mining may
impact biodiversity by changing species
composition and structure. For example,
acid drainage and high metal concentrations
in rivers generally result in an impoverished
aquatic environment. Some species of algae
and invertebrates are more tolerant of high
metals and acid exposure and may, in fact,
thrive in less competitive environments
(Kelly, 1998). Exotic species (e.g., weedy
plants and insect pests) may thrive while
native species decline.

Impact on fauna

Both micro and macro fauna are the integral
parts of forest ecosystem and are valued in
maintain bio-geo-chemical cycle and food
chain, respectively. Formation of green
belts, roadside plantation and parks must be
planned to improve the habitats and overall
ecology of the area.

Impact on soil fauna and microorganisms
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Due to mining activities, the population of
soil fauna and soil microorganisms goes
down considerably. However, it has been
observed that some plant species will not
survive or grow if particular microorganisms
are lacking. Soil organic matter content and
the carbon biomass play an important role in
minimizing the rate of soil degradation. A
number of soil faunal groups viz. spider,
beetle, millipede, centipede, woodlouse,
silverfish, termites and other arthropods
were observed in the ecosystems. These
fauna have direct and indirect effect on
physical, chemical and biological properties
of soil

Impact on flora

Vegetation is an important unit of ecosystem
as it controls various functions of
ecosystems viz., biomass production, energy
flow in different trophic levels and bio-geo-
chemical cycling of minerals, gases and
water. It protects the top soils and land
quality along-with under ground water
regime.

Impact on socio-economic environment
Development projects have both positive
and negative impacts on the social and
economic characteristics of the local people.
Civic and welfare amenities like water
supply, power supply, medical facilities,
banking, education and market will come
with the opening of mine. Though,
population growth in the area often leads to
the narrowing of the natural resources base
essential for the survival of the economically
and socially backward tribal people. Human
population living in the core region is most
backward and solely dependent on forests
for their daily needs. However, villages in
the distant sub-impact zone (5-10 km.) are

comparatively more developed and are
linked with diverse with occupations.
Displacement and resettlement of local
people is the main problem associated with
mining and other development projects.
Considering above in view, there should be
well thought out rehabilitation policy to
ensure adequate compensation in terms of
land, worth and other possible benefits
irrespective of their ownership, literacy and
skill.

Sensitivity of select ecosystems to mining
Mining and oil development may pose risks
to some environments due to the sensitivity
and/or rarity of these ecosystems. These
include the following:

Forests

Forests are the most biologically diverse
terrestrial ecosystems. Tropical forests are
particularly diverse and provide the greatest
source of endemic plant species in the
world. The key direct impact of mining on
forest ecosystems is the removal of
vegetation and canopy cover. Indirect
impacts include road-building and pipeline
development, which may result in habitat
fragmentation and increased access to
remote areas. While larger intact forest
ecosystems may withstand the impacts of
mining and oil development, smaller
fragments are likely to be particularly
sensitive to clearing.

Climate change

The World Health Organization states that
climate change is the greatest emerging
threat to public health and to the
environment. Coal-fired power stations are
potent emitters of greenhouse gases and are
important contributors to climate change.
Climate change will profoundly affect some
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of the most fundamental prerequisites for
good health: clean air and water, sufficient
food, adequate shelter and freedom from
disease (Mc-Michel et al., 2009)

Indirect impacts of mining

In addition to waste management issues,
mines also pose environmental and social
challenges due to potential disruptions to
ecosystems and local communities. Mining
requires access to land and natural
resources, such as water, which may
compete with other land uses (Ashton et al.,
2002). The soil environment which was
extremely harsh just after mining is
improved and changed gradually to
hospitable  condition  through  natural
succession allowing fresh invaders to come.
Once the dumps become established to some
extent and ground flora arrives, tree
plantation programme should be taken up.
Effective planting will reduce dust pollution
and even noise pollution to an appreciable
extent, besides other benefits such as
checking erosion, stream flow, improving
water regime etc. Selection of species
should be site specific and may include
grasses, herbs shrubs and tree species.
Native vegetation of the locality should be
preferred over other.  Species selection
should be based on:

1. Species capable of colonizing in the
disturbed area.

2. Species which can fix atmospheric
nitrogen as well as conserve spoil.

3. Species capable of producing fuel,
fodder and fibre and local
population.

4. Species which can attract birds,
butterflies and  other  faunal
population.

Recommendations

1. Contiguous forest must be brought under
protection and conservation measures to
ensure habitat development for locally
restricted flora, rare, endangered and
threatened wild flora, wild fauna,
avifauna and aquatic life.

2. Habitat development for flora and fauna
during mining and post-reclamation
activities must be done to maintain
process of bio-geo-chemical cycling and
energy flow, which are essential to
maintain the status of homeostatis.

3. Effective management strategies with
compensatory afforestation should be
adopted in the vicinity of the mine area
to keep the ecosystem pollution free.

4. Formation of greenbelts, roadside
aesthetic plantation and parks must be
developed to improve the habitat and
ecology of the area.

5. Construction of check-dams, ponds, stop
dams etc. may be required in mining
areas to recharge surface aquifers and to
minimize the possibility of lowering
water tables.

6. Regular monitoring of ground water
level through installation of hydrograph
station must be done. Drinking water
quality should be tested regularly as per
the standards prescribed under Central
and State Pollution Control Board.

7. Improved blasting technologies to
minimize the subsidence effect should
be used. The quality filling material
should be comparable with original
subsoil.  Adequate compaction and
thickness of filling material should be
maintained.
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Agroforestry in eastern Uttar Pradesh

Anubha Srivastav, Anita Tomar and Kumud Dubey
Centre for Social Forestry and Eco-Rehabilitation,
Allahabad (UP)

Introduction

While increasing population and decreasing
per capital land, current and future demands
for agricultural and forestry products could
not be fulfilled by our old land use practices.
In such situation agro-forestry as a land use
system may be regarded as an effective and
low cost means for minimizing the
degradation processes associated with land
cultivation and maintaining and even
increasing the productive capacity of agro-
ecosystem. Agro-forestry has been in
existence since very early times and is a
collective name of land use system and
technologies in which woody perennials
including trees, shrubs and bamboos etc. are
deliberately combined on the same land
management unit with herbaceous crops.
The modern concept of Agro-forestry aims
at sustainable use of a system involving
more of less intimate and interacting
association of agriculture, horticulture,
pastoral crops and woody perennials all in
harmony with one another. This type of land
use has two main positive impact i.e.
enhanced  productivity involving  the
multiplicity of output and sustainability
which implies conservation or even
improvement of the environmental aspects
of whole system (Tewari, 1992).

Uttar Pradesh is the most populous state in
the country accounting for 16.4 per cent of
the country’s population. The geographical
area of the state is 240,928 sq km which

constitutes 7.3 % of the total area of the
country. The state can be divided into two
physiographic zones namely the vast
Gangetic plains having highly fertile alluvial
soil and the smaller southern hill plateau
having predominantly rocky strata. The
recorded forest area of the state is 6.88 % of
its geographical area. The tree cover of the
state has been estimated using sample data
of the TOF inventory, a total of forest and
tree cover comes around 8.82 % for the state
(FSI Report, 2013). Therefore, to achieve
the forest and tree cover as per our national
forest policy, agro forestry is the only viable
option to be adopted by different
stakeholders in the region.

General features of agroforestry in U.P.
The state of UP can be divided into four
agro-climatic zones, namely Tarai region
bordering Nepal, Western Gangetic plains,
Eastern Gangetic plains and Vindhyan and
Bundelkhand Plateau. Despite the state has
witnessed timber extraction activity in the
reserved and other forest areas, but there has
been increased afforestation activity in the
agricultural fields under the social forestry
programmes. The demand for fuel-wood for
domestic use has grown faster than supply.
The natural forests, which are already in
poor conditions, are being exploited at a
much faster rate than their regeneration
capacity.

Agro forestry is lagging in Eastern Utter
Pradesh in comparison to the western parts
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of the UP. The less availability of land for
farmers, inadequate marketing facility as
less industries, poor technical knowledge
about plantation and sale of end produce to
the farmers are some key factors for current
status of agroforestry in the eastern region.
In Eastern UP, the plywood , veneer and
paper industries are very less and the
marketing of the Poplar, Eucalyptus etc. is a
problem for the farmers. The species like
Semal, Kadamb and Eucalyptus which is
suited to plywood industry and can grow
easily in Tarai zone has not been promoted
well. The farmers are more interested in the
timber species like Shisham, Teak etc and
fruit varieties of Aonla, Mango, Ber, and
Guava etc. in eastern part. The fruit varieties
like Aonla and Guava are very popular in
the districts of Allahabad and Pratapgarh as
orchard and agroforestry trees, as they do
not affect the production of Rabi crops due
to leaf shedding in that season. The majority
of the farmers are less interested to adopt
agro forestry because they concentrate more
on food grains than tree production due to
poverty, small land holding and fear of low
and long term return from trees.

The tree growing movement by the farmers
was mainly confined to the western districts
of U. P. The species promoted in the western
parts of UP are Eucalyptus sps, Poplar sps,
Melia sps. etc., which are readily utilized in
the industries. In the western parts of UP,
the plywood and paper industries are
abundant and the marketing of forestry
species is not a problem for farmers. The
major motivating factor for adoption of
commercial agroforestry in western Uttar
Pradesh was assured income whereas the
availability of fuel wood was the prime

reason for patronizing trees on farmlands
under traditional agroforestry systems.
Poplar and Eucalyptus based commercial
agroforestry systems are comparatively
profitable than both the traditional
agroforestry systems and conventional
cropping patterns in the western Uttar
Pradesh. The contribution of the trees in the
farming systems certainly added to the
diversity dimension by way of income and
employment to the farm households besides
fulfilling the requirement of wood. Both
forms of agroforestry have specific roles to
play in the livelihoods and industrial
development, which have to be carefully
nurtured for their sustainability (Dwivedi et
al. 2007).

The farmers in the Western part have taken
to modern, mechanized commercial
agriculture and farm forestry/ agro forestry
of better clones of Eucalyptus and Poplar in
a big way like the states of Punjab and
Haryana but the farmers in the eastern part
lag behind in all the respects. It has been
possible due to market support from the
plywood and paper industries in that area.
The marketing of the forest produce in U. P.
from both forest and non-forest areas is done
mainly through public auctions. Divisional
sales Managers under Forest Corporation
have been posted to execute sales in various
sales depots spread all over the state
(Thapliyal, 1991).

In a study done by Kumar et al. (2011),
quality of life and tree planting pattern have
been studied in representative districts of
eastern and western U.P. ( Varanasi and
Saharanpur). It was found that plantation
activity is negligible in eastern part as
compared to the western one. The farmers in
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western part mainly concentrate on cash
crops along with trees on their farm bunds
whereas farmers of eastern part are confined
to staple agricultural crops.
Major constraints /challenges in adopting
agroforestry in eastern U.P.
To study the major constraints in adopting
agroforestry by the farmers in the region of
Eastern U.P., timber market places as saw
mills,  furniture  markets, contractors,
plywood/ veneer industries, other timber
industries and villagers/ growers in selected
districts of Eastern U P were surveyed for
important agroforestry species. The salient
features are as following:

1. It was found during study that preferred
species of farmers of this region are —
Eucalyptus, Teak, Shisham etc. on farm
bunds and Mango, Mahua, Neem,
Jamun, Kathal, Babool etc. in form of
orchards/woodlots etc. The availability
of Poplars is mostly limited to tarai
region.

2. The poor land holding, as majority of
farmers (70 -78 %) are marginal in the
region is a major constraint for farmers
in planting trees. The less availability of
good planting material of preferred
species from forest nurseries is also a
problem for farmers.

3. Eucalyptus plantations are available in
plenty but due to unavailability of
markets and industries, most of the raw
material is used in construction of
houses, fencing etc. in Allahabad
district. In Karchchana range of
Allahabad, it is much used in packing
boxes industries. Eucalyptus is lowering
the water level of the land, thus, farmers
do not prefer this species in Allahabad.

Due to poor irrigation facilities, farmers
are not planting more trees. In
Allahabad, eucalyptus trees are sold at
very low rates in construction work for
phanti and balli etc. As this species is
free for permit, it can be easily
transported to adjacent Raebareli district
for industrial consumption, but only
some middlemen are involved in this
practice.

In Raebareli, farmers are planting
Eucalyptus on tree bunds of sodic land.
In district Raebareli, a good number of
veneer /plywood industries are existing.
In these industries, only 60-65 % raw
material is available as per demand. The
market value is Rs. 1500- 1800 per tree
for seven to eight year old tree of
Eucalyptus. In Laganj range of
Raebareli, despite of presence of plenty
of Eucalyptus trees, growers are not
aware about their industrial uses. Thus,
knowledge about source of market
places/industries may strengthen market
channels of wood in this area.

. The timber sale is done at sawmills,

timber traders etc. through contractors
(70-80%). Only 20-30% farmers directly
sell their produce to timber traders.
Complexity of the system for tree
growers to sell the produce directly to
traders as getting felling and transit
permit, contractor/ middlemen, felling,
loading/unloading, transportation etc are
major hurdles in the way to success.
Logs of wood are rejected many times
due to poor quality and these are sold in
the market at very low rates compared to
their actual cost.
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8.

10.

11.

12.

13.

Brokerage / Arhat/ commission agent
and kat charges are major constraints in
market channels. In a sale deal of farmer
through contractor to timber trader in
wood mandis, the profit of these
intermediaries are fixed on percentage
basis and affects farmer’s gain over deal.
Interference of police is a major
constraint for tree growers. There are
many species as Eucalyptus and Poplar
etc. which are free from felling permit in
all districts of U. P. and exempted for
transit permit too for selective districts
including Allahabad and Raebareli
districts. But in many cases, police
interferes with the farmers during felling
and transportation of exempted species.
Less availability of industries for
consumption of raw material, thus,
lowering the rates of timber is a major
constraint.

In wood mandis, market is dominated by
buyers as for sellers there is no provision
of storage of wood. He is bound to sell
the produce on the same day to avoid
further transportation charges. The
commission agent and buyer get united
during auction of wood.

The rates of Forest Corporation for
purchase of timber is not revised. The
process of selling timber through Forest
Corporation is not easily approachable
for common farmers.

The poor knowledge about market
places to the growers and less
information about raw material to the
traders is major constraint in maintaining
the adequate marketing channel in the
region.

Recommendations to streamline market
strategies of timber in the region:

The forest corporation should come
forward in more approachable way to
purchase timber directly from the
farmers. The corporation should also
revise their rates as comparable to the
market. A pamphlet dealing with
detailed rate list of forestcorporation
along with contact number may be
distributed among tree growers to lower
the role of middlemen from the system
and making them available the proper
value of their products. Tree ownership
certification process for sale of trees
through  corporation  should  be
simplified. Further, it is suggested that
farmers themselves may transport their
wood produce to the corporation depots
and store it directly there on nominal
monthly rental basis as supervision
charges. They may sell their produce as
per expected value at the time of auction.
They may refuse sale of their produce
for next auction. The quantity of timber
should not be a barrier for farmers. The
50 % amount of total value of the wood
may be immediately paid to the farmers
after formalities. The farmer may wait
for the sale of timber till next three
auctions for getting best value of the
produce. The balance amount of the
timber may be paid after sale after
deducting rest charges.

Interference of police even on producing
desired permits (felling and transit) by
farmers may be strictly seen by local
administration. This should be definitely
checked by forest deptt. / govt. so as to
improve the system and further
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harassment of farmers/ tree growers.
Interference of police while
transportation of timber (permitted) on
free species should also be checked.

e Rules regarding felling and transit
permit should be more simplified and
well circulated to the tree growers. The
issue of tree felling and transit permit
should be mandatory within thirty days
from the date of application.

e Behavior of forest officials with the
farmers should be cooperative and
friendly for issuing of felling and transit
permit.

e Motivation for planting of more trees for
tree  growers/farmers  should  be
encouraged. Seedlings of important
agroforestry species should be provided
to the farmers by forest nurseries at
subsidized rates.

e The private plantation agencies should
be checked by forest department/ state
government for quality and rates of
seedlings as they are selling seedlings at
very high rates to the farmers of the
region.

e The adequate knowledge about traders
and growers to each other ..
channelized market system will be
beneficial for traders and growers/
farmers, thus, improving agroforestry in
the region.

e The govt. may introduce some
introductory offer like tax rebate,
reduced registration charges etc. for
entrepreneurs to set up more industries
for consumption of raw materials in the
region.

e The extension and training programmes
based on development of agroforestry in
the region will be beneficial for farmers.

Conclusion
The farmers engaged in farm forestry, agro
forestry and social forestry suffer a lot due
to non-availability of adequate market of
different forest species in the region of
Eastern U.P. is a major problem. Bamboo
growers suffer a lot due to non-availability
of paper and pulp industry in Eastern U. P.
The absence of industries affects adversely
the plantations of important tree species
specifically, the plantation of Eucalyptus,
Poplar, Semal, Kadamb etc. Further, non-
availability of market information system of
important timber species, their up-to-date
rates and traders associated with business of
rural as well as urban areas affecting
adversely the cultivation of the species. The
interference of police and forest department
in felling and transportation of timber should
be minimized to strengthen agroforestry in
the region. Thus, streamlining of existing
marketing channel for local farmers/
villagers and traders for sale of important
tree products, viz. timber and firewood will
be of paramount importance for developing
agroforestry in the region of Uttar Pradesh.
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Introduction

Biodiversity refers to the variety and
variability of plants, animals and
microorganisms at genetic, species and
ecosystem levels which are considered to
be necessary for smooth running of
ecological services and crucial to the
existence of living organisms on the earth.
Evidently, biodiversity has been providing
the base for livelihoods, cultures and
economies of several hundred millions of
people, including farmers, fisher folk,
forest dwellers and artisans. It provides
raw material for a diverse medicinal and
health care systems. It also provides the
genetic base for the continuous up-
gradation of agriculture, fisheries, and for
critical discoveries in scientific, industrial
and other sectors. With the impact of
climate change already visible through
extreme weather events and with a
worsening scenario projected for the
future, the genetic wealth in biological
diversity could be the key to providing
ecological and economic stability to
countries like India and building climate-
resilient agriculture. There is ample
evidence that climate change affects
biodiversity. According to the Millennium
Ecosystem Assessment, climate change is
likely to become one of the most
significant drivers of biodiversity loss by
the end of the century. Climate change is
already forcing biodiversity to adapt either
through shifting habitat, changing life
cycles, or the development of new physical

traits. According to the Intergovernmental
Panel on Climate Change (IPCC) Working
Group | (WGI) Fourth Assessment Report,
from 1850 to 2005, the average global
temperature increased by about 0.76°C and
global mean sea level rose by 12 to 22 cm
during the last century. These changes are
affecting the entire world, from low-lying
islands in the tropics to the vast polar
regions  (CBD). Climate  change
predictions are not encouraging; according
to the IPCC WGI Fourth Assessment
Report, a further increase in temperatures
of 1.4°C to 5.8°C by 2100 is projected.

India, which is also one of the 12 primary
centres of origin of cultivated plants and
domesticated animals and one of the mega-
diverse nation, the biodiversity is rich and
unique. India, with only 2.4% of the
world's land area, harbours 7-8% of all
recorded species, including over 45,000
species of plants and 91,000 species of
animals. It is also amongst the few
countries that have developed a
biogeographic classification for
conservation planning, and has mapped
biodiversity-rich areas in the country
(CBD, 2014). It is also one of the pioneer
country to enact Biological Diversity Act,
2002 soon in consonant with the principles
and commitments made in1992 Rio
Summit. In the recent past, India has
experienced a few critical weather related
events which have negatively affected the
biological diversity of the country. Further
the Fourth Assessment Report of IPCC has
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warned similar or more aggravated climate
related events to be occurred in near
future. This necessitated a critical review
of the existing legal and institutional
mechanisms and exploring the scope and
utility of modern tools in the conservation
programmes or efforts.

Role of social media

Social media has now  become
indispensable in our society with 29% of
world’s population are active users of
social media platforms. With the
introduction of social media, people are
now well connected with each other and
other global/local issues. This has brought
a visible transformation among the lives of
many people. An average social media
user spends 2 hours and 25 minutes per
day using social networks and microblogs
as per the research findings of Global Web
Index. Facebook dominates the list in
terms of number of users or reach and
scope with 1.366 billion active Facebook
users as on January 2015. Surprisingly, 83
percent of the global Facebook users have
access through mobile devices. Much of
this is because of introduction of cheaper
smart phones. Social media platforms has
enabled us to communicate beyond local
or social boundaries. Social media
platforms are mostly utilized by industry
and government agencies as a preferred
tool of communication with the general
public. Today almost all political leaders
and bureaucrats are well connected and
active in social media. This has led in
emergence of a new form of governance
with more accountability and transparency.
People are now considering social media
as the major platform to garner support
and also build pressure on government for
any irregularities, policy and institutional
lapses. Platforms such as change.org has
been seen as the most effective platform to

file e-petitions on regional and national
issues.

India’s journey in social media

India is home to about 244 million internet
users and 143 million active social media
users. Further there are some 100 million
Indians with active Facebook accounts.
Though the overall social media
penetration in India is only 8 percent as per
2014 report, the country is undergoing a
visible digital transformation. This can be
evident now with the grounding of digital
India initiative by the NDA government.

In a recent survey in 2015, it was reported
that rural India is moving faster to get
connected with the digital world with a
growth of 100 percent in 1 year taking the
social media users from 12 million to 25
million in April, 2015. On the other hand,
urban areas witnessed a growth of 35 per
cent with 118 million users as of April
2015 (IAMAI-IMRB report, 2015)

In the recent past India has evidenced that
social media is contributing significantly
to the development causes. Mega
programmes of the NDA Government who
came to power in 2014 such as Swachh
Bharat Mission, Clean Ganga Mission, Jan
Dhan Yojana, Atal Pension Yojana, etc.
have achieved spectacularly within a short
time. Much of this is mostly because of the
connections between government and
people over social media platforms.
Temsutula Imsong and Darshika Shah
Sakaar Sewa Samiti recently were in news
because of their efforts to clean Ganga
through creating social volunteers using
social media platforms. The duos were
highly appreciated by Prime Minister
Narendra Modi in twitter and Facebook
who wrote “This effort by Temsutula
Imsong & the entire team to clean the
Ghats in Varanasi is phenomenal! | salute
them”.
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Social media in
conservation

Like other programmes, social media has
immense role to play in conserving the
biological diversity through creating
awareness and sharing of ideas for better
policy making decisions and their effective
implementation on ground thereby
promoting its conservation, sustainable use
and equitable sharing of benefits
(ICRISAT, 2012). Ironically, biodiversity
conservation efforts in India have not seen
any such kind of massive response by the
people. In India, biodiversity conservation
efforts are yet to be grounded and one can
see the role of social media to sensitize
peopleabout the importance of biodiversity
for human existence. More importantly

biodiversity

|
)
/1N

Generating Ensuring more
participation
and

accountability

mass
awareness
about the
value of
biodiversity

Indian Council of Agricultural Research
(ICAR) is actively working over social
media platforms such as Facebook for
disseminating information on research
findings and day to day happenings around
agriculture sectorto the public as well as
sensitizing them about the importance of
agriculture for food & nutritional security
through the organization of different types
of events such as painting or photo
competitions on  environmental or
agricultural topics. Recently a similar type

Exploring the

institutional

Facebook has immense potential to create
environmental volunteers or biodiversity
conservation leaders at the village level
and most importantly sharing each other’s
experiences and challenges to facilitate
better conservation of biodiversity. India
has many invisible village level
conservation or environmental volunteers
mostly youths who need to be identified
and well connected over social media.
Above all, the research findings and
success stories related to biodiversity
conservation needs to be shared or
discussed amongdifferent stakeholders
using social media. Social media can
contribute to the efforts of government
around biodiversity conservation in the
following ways;

Establishing a
platform for
knowledge
sharing and
transmission
among
stakeholders

scope of

linkages

of event by ICAR could witness a massive
response from youths. Similar or even
better engagement by Indian Council of
Forestry Research & Education (ICFRE)
and its institutions would help to bring in
more number of people in the biodiversity
conservation efforts.

Conclusion

Social media has immense role to play in
sustainable use of natural resources as well
as conservation of biodiversity. Today,
India is evincing a major loss of
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biodiversity and narrowing of gene pool
mostly because of critical threats of
deforestation, land degradation, poaching,
forest fire etc. At this crucial time, social
media platforms seem to be one of the
main driving force that can help facilitate
more immediate action to address all these
issues. By spreading information on
environmental advocacy, awareness and
education through social media, we can
strengthen our conservation efforts and
better formulate strategies for effective
conservation of biodiversity in India.
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TUT B | ATHHSA (STIERAT) fT qAT H
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AT T TgadT § | (e TS A fheor
F AAAT g ST ATTF  HAQAET 3%
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faraTiSra e FARIT % TLHTI ST Fd &
AT T AT AT FT FHILT a9 8 | g e
ST ST B9 ATl SR T AT UAT &F
T TATT STAA & | S oI JSATIAhT o I
AE@U ®1F & forw 1995 # v\ fasm=
H Traer QT 9T 6T o |

ArHEA § Iufedd UHT 9T 7 sreAfaw
ST, ST ATgHSA | AATH AT TAqT T
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THHT ATH AE218H 9 90 92T F(1Hh
AT F TANT FT Hi= & &, T FEH
T 2T (RHTOT T IHH e AT g qF 6l
TROTT T 97T SIT9 | a1, ST 39 40
Aot § @gEs fE gem qur e 3
TATAT 9% 0 & (F0w &9 7) & ffafa aar
FT MY TIAT G TGT ITSA Rt
Tar &7 | A YIS T I TGl g\ FT T8
FH 90T IHF o0 qgTT% a°0aT g, T3
7ot Rafa s &l gt 9% q=dft g, ar
AAYd THT TAT THE AAdT ST
BRI
FATL-FATLN T (HT.36.HY) ol =0 =7
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g | TZ UF AT a2 7 7 T A
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ATH 3 | TERT HILO g - AT HATT H2A
qTad FH AT 92 (ST gl 92 gram 2)
FART w1 a1 #x & forw 9ag
TR FAT § AT T AT AT A Iaferf
H 'siafsr § F9d & ANTHT 9¢ T STHA 6
T FARA (ST HLUEHT. | IUfeaq )
TSI STl 9Y ATHAT T Irg AE FL ad &
| FHTY AT THT 10T dieqar o a8
gl

ars. Y. = " (32T TaHed O9e AT
FATTHE AwoT) #l FAHAT XAIE & AAT
Tt AT ATOH fO=el Qoo T H 0.9%%
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efaved 21 Bl 8, g = fae d gfg
SATAT ST ST T TALEAT T AT TATEAT
2T THAT 2 | A e | 2 F 9 § a9
gl fafeer JeTfest & 1985 & ST &T
off | fi=er 6 a0l & Fa 2 FS 40 919
71 frerfer Re § fog e g

JATAERT F AqEE AT 90 Hl qad

SATET qHATT FALTFALRET  (HTTHHT)
AT F BT BT & | Huwdr AWa HEa
TEEAEE T2 g SEer Swanr e,
AT TAT T @I q¥g o qranT § e
il Eerr W fRET STar g, agEse |
Hrowet ooy gedt ¥ Sud Re § ug w7
qF #T T o |7 e T ThAT wd
&, TF ALAT o A THHTHE T TF A
A o Uk AT B Hl T FT AT ¢ |
TF FT THTL AT T2 F SAHT o T2
T qgAAT & | T @ALATSH TSI At
T g2t g8 9T TgaT o AFdl 5, 3%
THE EHT U T S{ad geAd TEar g |
AT 97T % &7 % o< I¥ Tt a1 1976
H §<h Y TATEL FHARH I TATHAF
gt (guasdt) ®§ feme-fawst G @
AT T 97 AAwsi AT dh 1977 °
SrTora Y 21 e aT7 JuAdT &Y o
HEH oA (SegUde) F qHT-gHT 97
ST 92 | I ATl &7 &l A & (o0
A T2 FHad qGiufa (HEr=ga) &7
LEERERIN
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[ERERIEREINC LRI A E b CINC IRl
TEE |

AT 93 H FH FA ard @Al 9%
qiedad TErRid &1 ffarae, 1987 #
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TE FARGFAR RS (FTR-11, 12,
113, 114 9T 115) 97 s et (1211,
1301, 2402) F 3caTed 3fi¥ @UT Hl FT
FIA ok Fg IUTAT hl ATTITRAT I TZATAT
TAT | TSR 29 q¥g & qdT¢ 36 17
ik THIT-THT UT AATAF ST ST
AHAAT 6 AL T TH THIL 6l J&) o
ST a1 o o SaH S9mree o3 ST 94 |
TH T o SARAAT & 918 TH TRTL T AT
q FEHT IT AT TERIT T AT FA o ford
1990 # waw, 1992 ¥ FTaTav, 1995 &
33T, 1997 ¥ wiedTer 3w 1999 # AR
T FYurdes agsEr § deft 9 & oy
TSI &l THTATSTT AT 3T | 37T T
% =T ST AT 9[E FEA ST T AT H
T = qeat & e & o oft e
TeTre oA 1T |

1990 H & HIHd % dgd  Adih
FATLGFATL RS (T TF #1-13, 111, 112,
211, 212, 213, 214, 215, 216, 217) 3i%
3T Aemas (Fiede) (FET S2raaerEe 7
areer FArE™) Fwroenfee R T
Safh 1992 H FHUFIT HegT F dgd
[RRIEEIEIC IS EIL T R R
T SIIST 4T | 1997 & Wiedraer Homee i
ghaw &7 far = SEes aga Wmusa
gtz | ST 9T it FreET aany T
1999 ¥ U= Hegw ¥ dgd
THFARNHAT 6 ITAN H A G
T (FLOTET & F dTgT ) & o T
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aTtAer AT AT T Hemad % ded
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JIIHEA | Bl g | geid-1301 JrItes &9
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T AT g T argHeA | fAufeq g A
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T ot TSIt % ded oTieer R
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TH | & I 9T TIh FA 6 (o0 Tgef
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Jgd FF OF1F g | TAAOwHT S
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| aTgEee | faafeq g9 & =0 w49 0.7 a9
A |

SO (M) siete ol

TEATH ATAT 74T TA ¢ o T FFqaai o
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1998 H TTSITT H IATLA hl STHTT T o |
THHI TETHTA | JTg< FLA % o 1999 *
LT ¥ TTHe 36T 3T |

AT &l AL T T THEAA-FARFATL HTa,

o & |1, A 3T ETS S AT I I e
TEHTT & 98T e I S=d & 2003 &
TS § ZoI=H &l SEIHTA & dTg< o 147 |
1 3TEq 2008 T HUFRHT T AT TEHTT |
arer F far ww g 1 R Foswme
2009 * ffE¥ TF &g T [&AT TAT 3%
BT FALFATLRIST &l dTgd FLA ahl
ThoRaT ot ST g 1 F9T eSS & ot
TEAT AT US 94 qeal o [Aaqoe | J949 &
T 9T o= ¥ T8 € ST A aF TErhie
H oo 78l 8 |

oo 2o & goie 3fi¥ FATLIHATLIRTE,
FTA dSTFAES, IS FACHE i
ETESTHIGATLHIET ® TEAHTT | dTg<
A T TTHAT AT 1994 ¥ 1996 H T
F AT ML T | 1999 TF aT=AAHIEE F
TEATA # 25 wfderd FHT A wofr 1 2001 #
50 wfderd =T 2003 # 70 wfaera T ¥
T | 2005 TF TH TECATA & T YL dTeL
T QAT TATE |

TH I 2004 TF e FATLFATLIHRTEA
* TEdHT H 35 widera & FHT T Sreren
eI H 2010 % 65 wiaerd aF, 2015
& 90 Wiaerd v 2020 TF 99.5 Wiaerd
FHT T AT 2 | 2030 T Bh T@-@ma &
329 H & TEw 0.5 gfaed zeadrer &
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IS o ATHTT F o0 Iqeardt 8§ 3%
S ITH T TAEATTRT & AIAT 6 o
afe Ot efie Jrenfenr |@9me § |
TarRTerefier 3ot 7 FTAHA =6 TR AT-
o 1996 TF BIESIHATHIFATLIFRIET 3T
FEHTH T T TEIATA F T FLAT |
o FALIFALIHTE, g #q<
FladccFARISE &l 1 AT 1999 TH
1995 & 97 F 3fEd ux AT, 2005 TF
50 wfdera &HT, 2007 d% 85 Wiaera
FHT 3T 2010 TF T T8 TEAAA |
ST AT |
e 2003 TF AT FALEMN * TEIHTA
FT 1998-2000 F =fr&d &Y 9T AT,
2005 9% 30 idera FHT 3fi¥ 2010 T
70 wiaqerd ®HT &fiT 2015 TF T 938
TEIHTA F g FHLAT |
o fuTzaaTHIZE & TEWTE #2002 TF
1995 & 98 F 3ired TI¥ 9 ATT, 2005
T TEAATA § 20 Tidera w47 =i 2015
T TEAHTA & T T4 dTg< FAT |

© Published by Tropical Forest Research Institute, Jabalpur, MP, India 32



Van Sangyan

o 2016 T& BIESIFARIFATLIRIEGT I

2015 % ¥ 97 3T 2040 TF TEIATA |

JTET FLAT |
TEIHT | dT8Y Fd o HARH | Aferd
TETAT F IATEA 3f¥ @Ud Il ATH |
AT T8 aTe AT e siw e
9T § Aferd Tt & Saedd TEAHTA
T A 6 o0 HHT 91T § 24 IcaTad
#T AT & e o st a& et oo
T T T TS |
JTerehier o a1, a9 2050 T AT &
ATAT IALT MATER 6 AT AT § 77
FH 50 % 3fiT Fferoft 7e steriar § 70 % 98
STTUATT ST HIS[ET &% | 10 IO T8 20
SN | TEaT IROTH ST Hed e o
T I¥ AT AT 0T | FNAT GEaTe T
ot & =7 ¥ g | amgEsa |
AT & raerd & forw e et i
Ffgs  ERM zEh
TR e AF-Je @ F9C % 19
e afas g, fo= T Fa2 F 1.5
ot arer ST st & wrfaarfes & 130
fafera srfers AT9et % = § 919 o1 TR
2|
forg qqEm™ q AT F d9ed, A9y
gfade, sa fAfagar siw saeida O
ST FATTaat § Aoed # fwmmefie gon #f
HEE A o (o0 I qataor giaer (S s
UE) Y T & off | shEuw afadasfie
FATAEATAT AT 9T H AT 6 ATAT *

qET I T
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forT FORHETT I=TIT FT SEdHTT § qTE FA
g ST FETRATa T @
At g 1 SEU® 9 A aRASETe s
FAFATIT % 3iavid 1996 3f¥ 2000 F Hi=
17 29T (SIATASH, STATEH, FERMILAT, 9%
ArataaT, forgentaar, Ove, ®HT g9,
TAEATTRAT, ATTSTREATH, AT, Tohd
#T IoaThedT™) HT FEEAr & w160
e s & aAfgw & a5 & 7
STEU® 9 EESEAUFAIERET Y
I SHTES F TEHTT § 98w |
T 9T AT WEE FA & forw 60 e
TTAL T AT Th wrer Ffaa AT 81

FSATIART 7 ATATT =< Tt g T oot 7=
FUT % I A AT AT I L &<
T Igd ST #e R divefiv zad
T =9 ST 4F R uE wa 2050
T S 92 AT &G G 30 0T |
TE ATHTT ZH AT T A<H (647 727 2 6

T Teria & T dig an] a0
STTOSTT | ST 93 ThegTe dgg saaqeiie
FTEAT H g | FARFALRET Icasid §
FHI & TSR, THATTHESAT HIE0T AT AT
g Tl & (TAT F=er argees § 9 F7 gl
T2 3) T+ TF FAT T a9 @A a1
FATLFATLIRTST T ST IS gl 9T ¢ 98
qAAIHEA § dF A J@q1 9T 7 | W
At FawEET (S HUweT-11
T HUEAT-113), FTET STFACES 3T
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IERIEE R EIEE A i T i L Ak
SATETAY geted &l I=ar § e AT g |
FEdad W EESEAIGARRET T
SESIFARIREd 98 @ 8, i+ o
FATLFATLIRTST o (Aohed] o &T § TEATA
F0 ST T8 € | TSI AT 7 Ferdr 99
TS § Fih A 3T SN A= &7 a7

LT ATl TETAAT & faheqt &7 fFwfEa ww

T ITHT SATATATRCOT FA § %A 12 ¢ |
T TS FT Fgal § T FHST &
TE OF T AN A TFH qqdt 97 g S
T2t & HEHEA el AT FF g | A
TH USTHT & A9 U T 6 Gl
q oerRdl TH Al 9T UgH § | T 9
THTLH ATH 6T TERT § TR g |

a T T8 I2AT oY O Ug & argHed §
2T A T g s AT aar off |

T TS G QAT F qerar T 9T I8
T Sfae T G9TEET Gl g @A
T FETAAT T |

TN THHRYE 7 F Tg & qrgHed I
HET ALTAT & I A Id gied i
S B g | AN UF AT AT
AUEHOTERT AT g SaH AT st
TEAT BT € |

I UX TEET AR 99 AT § S gF Al
TN TZ o ATTHESA | Flad - F1ES
T fafes FT stFfsT AR w S
AT & 1 gt o ot S At g
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q¥g AT g | AN 92d 94 %l gI=EwH
T35 T qft T Ig= F AT E |
i v Wew & oo i w9
TSHT & Tioide dATHa® g TeH &
ATATT “SASAIT T2 o I | FAEHET F gH
F F agHEA & faux # Fga ofgw
ST ZIET g5 & | SHh ofaATar ¥ =g
FTr TST H HIforw THETAr & TF A<
TR 2 |

TS AT I A9 & 6 o e et a2 &

ATIHESA § AT, FHTaT AT AT AISE
S AT T Fgl SHa gl #hl 3T T FLd & |
U AU AeqAT § g AqTa«l af I g 4 T8
THTAAT § o< g i astg | AT 90d &
TATHT I &0 HT TFH F47 Gar 9ar af
TAT 8 | T A UH g, TSive A= &
T o aT G g 6l Aifedd |fd &
dga e a8t fFar Srar | st &
Fgdl ¢ T =49 | UF ‘953 FF Saaard
T AAT ATTATATH' THTIA #hl ATATAL
H HISEAIT aSit & 98 Bl 8 | IAardr A
AT & TFA AF FF US Uarg-He |
qTAT F TG @F TiFed A gadm o
FeT % fvauama F wrpfas e sienfis
Tl B gl Jhd 8 | FUHTAUH &
AR 3caTed 9 §<h g & Hitedod
TR & dgd a0 dgl g Fi6 I4
THT | =T TEEAT A S A0 § agd
FH ET R T 7 | g F ST Al
o A TAT AT § & A ¥ U A
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& HTAT O A & 98 Tl g A qe 39
g T ST T =33 Sar § 97 ag witeaw
el & ST A T F WA T2
ATHAT T TAT T T ThaT g | T AeTIT
= SETEa # yaTd gar g |

AT I % a1 | AN ATH 1T IT 9 BT
SATET F AMd gl Al Jg I ST
TATALIT o ToT0 U AT Fa= T F1H HLd]
g TAT TH T 6 GaeATh Tl (T
FATere) TR & F=TdT 8 | ST 9% dgd
& Ag@qU g ST gF Al GaLArs TLre |
(T FReomt & AT TET war g | fEer
AT Id % g9 iar 981 @ ad F#+iTH
= TRl & FROT FHY, FEAT w THATT
TAT FIAT ¢ | AT | A 9% &l
FIHT THATT TgaT g | THT THAT f a9ig
o T AT TREHT R & a2t /et § A
ART =T & F97 & fUFE gTE | TF o
A TS A gAl & (OHad & 7 |
STEThICHT | AT § UF a7 9 2T 7 8
| SfeTfcHT & § 98 RBade g | afa ¥
fRaee feed § af ae &= & a7 afeq
T @AY TSI g1 qohl g | THe STATaT THT AT
FEAT ST THATARET FHIT |
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AT 9T & &AL & o0 qead: T
AT F F o) SFAER € | ST 3 STugst
¥ Ik W 9@ H el qdt g oar 4
FTATAL | AT T2 o &L T HILOT TAAT
g | AT F THAE TgA ATl qad
AH AT A FACFARLT FTad g o
HTORET o 979 & AT AT AT 2 |

TH T9T9 & o0 qa9 98 a1 et g &
AT ST U 3T THeh GLAT Fl AT
SRTEF g | gt RN AT IT q@GIAT AW
STk THATT I AT STETEF gl AT g T ST

TH U A THAE TgAd 2 | FT A

T & Tove AIATRT AT 92T 1 T=T0
ST AT & S| qFtaeer e Soaral &
TEIUTS FEAT, TALHIA 3H¥ 3T TUFRHT |
Th ATS o STANT & T3, AT i
TET AT IH 31 FATHT AT(S | TH TG 6l F5
BIET BT aTd 8 ST &1\ T@ahe At
9 T TAT H TR (<37 7 9aT 8 |
ga: g A fmw ¥ 9 ogmm
SeerT 7 = faq 9% it Hegaefiear
T &1 HIAT Tl 78 ST A1 fog s
&7 o |1 gH 2l B 9T g H1 HAT
NI | Ag0 d@r Jg o arar faea| qma-
STTH T, ST Aal |
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Types, importance and factors affecting mycorrhiza production for
sustainable plant growth
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’MES College Marampally, Aluva, Kerala

The study of soil microbial-plant
relationships, introduced the Greek term
‘mycorrhiza’, which literally means ‘fungus
roots’. Mycorrhiza is a symbiotic association
between the roots of higher plants and fungi.
It means that fungus-root association implies
a true symbiotic relation between fungi and
plant roots, which is similar to that of nodule
bacteria in legumes (Ajeet et al., 2015). Of
the seven types of mycorrhizae described.
The arbuscular mycorrhizae and
ectomycorrhizae are the most abundant and
widespread (Smith and Read, 1997; Allen et
al., 2003).

Ectomycorriza

It is associated mainly with temperate-Zone
trees such as pine, poplar, willow and also
other forest tree species. These fungi form a
sheath or mantle around their host’s root
surfaces and the roots become swollen. Most
ectomycorrhizas can be isolated and growth
in pure culture. Eg: Laccaria laccata,
Pisolithus tinctorious.

Endomycorrhiza

It forms associations with most of the plants
(approximately 80 percent of all plant
species). These fungi cannot be growth in
pure culture but can be grown in suitable
plant roots. They form branched structures
called arbuscules within the plant root cells
(Arbuscules are sites of nutrient exchange

between the fungus and the host) and also
vesicles which acts as storage organs as well
as reproductive structures. They are known
as vesicular arbuscular mycorrhiza; fungi
(VAM) or arbuscular mycorrhizal fungi
(AMF). The associations that arbuscular
mycorrhizal fungi from with plants are
called symbiotic associations because they
exchange for carbohydrates produced by the
host through photosynthesis and the fungi
help the plant take up water and immobile
soil nutrients such as phosphorus (P),
copper, and zinc. The fungus extends from
the plant root and expands the volume of
soil so that the root system can explore by
itself. In many tropical soils, P availability is
limited due to P fixation. In addition, the
association helps the plant obtain water,
which is critical to plant survival and growth
under dry conditions. Eg. Glomus sp.,
Gigaspora sp., Scutellospora sp.
Ectendomycorrhiza

It is between ectomycorrhiza and
endomycorrihiza. It has mantle around the
roots as well as hyphae within the roots. It is
very uncommon.

Ericoid mycorrhiza

Associated with plants belonging to
ericaceae family such as Erica, Vaccinium-
healthland plants. These fungi belong to
ascomycota and deuteromycota. They form
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loose network on surface and hypal coils
inside epidermal cells of root hairs where
nutrient exchange is through to take place.
They also supply N to plant so that fungi
secrete proteinases.

Orchid mycorrhiz

It is associated with orchids which are very
small and do not contain enough organic
reserves to allow development of the plant.
Such orchids must be infected soon after
germination to provide seedling with
carbohydrates by the fungus.
Basidiomycetes involved in this mycorrhiza
are litter decomposing  species  of
Rhizoctonia, Armillaria that produce
cellulases. Fungi are widely distributed
outside the symbiosis in which some are
plant pathogens and others are saprotrophs.
Orchid keeps fungus in check by digesting
intracellular hyphal coils and production of
antifungal substances so that fungus doesn’t
kill the orchid.

Arbutoid mycorrhizae

It is also associated with the plants
belonging to Ericaeceae which includes
Arbutus, Arctostaphylose, Pyrola. Fungi are
basidiomycetes that also from
ectomycorrhizae. Fungi from sheath and
harting net and hyphae also penetrate outer
cortical cells.

Monotropoid mycorrhizae

It is associated with the plants which are
noncholophyllous such as Monotropa. Fungi
are basidimycetes that form ectomycorrhizae
with other plants (conifers). The plant
depends on its mycorrhizal fungus for
organic nutrients as well as inorganic
nutrients.

Importance of mycorrhizae

Suggested roles of mycorrhizae; fungi
natural and managed ecosystems are listed
below.

Benefits to plants

e Increased plant nutrient supply by
extending the volume of soil accessible
to plants

e Increased plant nutrient supply by
acquiring  phosphorus and  other
micronutrients which would not be
normally is available to plants.

e Some ECM and ericoid fungi have the
capacity to breakdown  phenolic
compounds in soils which can interfere
with nutrient uptake.

e Root colonization by ECM and VAM
fungi can provide protection from
parasitic fungi and nematodes.

e Mycorrhizae benefits can include greater
yield, nutrient accumulation, and/or
reproductive success.

e Mpycorrhizae can cause growth from
changes to root architecture, vascular
tissue, etc.

e Suppression of completing non-host
plants, by mycorrhizal fungi has been
observed.

e A significant amount of carbon transfer
through fungus mycelia connecting
different plant species has been
measured. They  could reduce
competition  between  plants and
contribute to the stability and diversity
of ecosystems.

e Networks of hyphae supported by
dominant trees may help seedlings
become established or contribute to the
growth of shaded under-storey plants.

e Nutrient transfer from dead to living
plants may occur.
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e Helps in reducing transplantation shock
in transplanted crops.

e Increases water uptake in plants.

e Helps in enhancing nitrogen fixation in
legumes by supplying phosphorous as a
source of energy to the nitrogen fixers.

Other roles in ecosystems

e Soil hyphae are likely to have an
important role in nutrient cycling by
helping to prevent losses from the
system, especially at times when roots
are inactive.

e Hyphae may transport carbon from plant
roots to other soil organism involved in
nutrient  cycling  processes.  Thus,
cooperating with other members of the
decomposition soil food-web.

e Soil hyphae may have an important role
in nutrient cycling by acquiring nutrients
from saprophytic fungi.

e Epigeous and hypogeous sporocarps of
ECM and VAM fungi are important food
sources for mammals.

e Mycorrhizas influence soil microbial
populations and exudates in the
mycorrhizosphere.

e Hyphae of VAM fungi are considered to
contribute tom soil structure. Their role
in mechanical aggregation has been
questioned. Hyphal mats produced by
ECM fungi considerably alter soil
structure

e Mycorrhizae fungi contribute to carbon
storage in soil by alternating the quality
and quantity of soil organic matter.

Factors affecting the growth and

development of mycorrhiza

Several factors affected the mycorrhiza

growth and development. Some of the

important factors are:

Soil temperature

The effect of soil temperature on
mycorrhizal function has already been
reported. Soil temperature may alter the
psychology of mycorrhizal symbiosis to
stimulate grater inoculum production by
influencing root morphology and host plant
nutrition. Optimal temperature for the
germination may be related to the
environment to which each endophyte is
indigenous. It is evident that the effect of
temperature on symbiosis varies with the
specific host and endophyte.

Soil acidity

Effect of soil acidity on AMF has been
reported by  several investigators.
Inoculation with Glomus sp. increases
phosphorus uptake and plant growth when
the soil pH is 7.0 or higher. The relation
between VAM and pH depends on soil type,
plant  species and fungal  species.
Mycorrhizal fungi vary in their soil pH
tolerance; some grow in low pH and others
grow after adding amount of line for soil pH
modification. Soil pH is a critical factor in
studying endomyecorrhizal fungi ecology.
Crop rotation

It has critical effect on soil microbial
communities, soil structure and organic
matter. Hence, crop rotation is known to
affect AMF in the field. Crop rotation also
affects species diversity.

Fertilizer and organic matter

Mycorrhizal hypha acts as binding agents
within and between aggregates. In the
mycorrhizosphere, mycorrhizal  hyphae
maycontribute further to the aggregating
affect as they grow into small pores and
bind soil particles together. Phosphorous
fertilizers are known to inhibit colonization
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of roots and spore production by AMF. In
agricultural soils, a decline in numbers of
viable and healthy AM propagules can
occur during long weed-free fallows or
during rotation with non-mycotrophic
plants.

Drought stress and soil moisture

Drought stress results in greater yield loss
than any other single biotic or abiotic factor.
AMF colonization enhances plant growth
under drought stress indirectly through
influence of the soil moisture retention via
glomalin's effect on soil water stable
aggregates, although direct mineral
nutrition effects could not be excluded.
Pesticides

Several interactions between mycorrhizal
fungi, their host and the environment must
be recognized to understand the impact of
pesticides. Cause and effect can be difficult
to determine, because what influences the
fungi may thereby indirectly influence the
host and vice versa. An herbicide that
severely damages the host will almost
certainly damage the  mycorrhizae.
Mycorrhizal fungi grow with the roots of
many plants and aid in nutrient uptake.
These fungi can also be damaged by
herbicides in the soil.

Heavy metals

AMF could be of particular benefits to
plants ~m relation to alleviating heavy
metals. Plants growing in heavy metal soils
can be colonized by AMF. Recent reviews
showed that polluted soil contain AMF that
are specifically adapted to soil pollution. It
has been stressed that specific AMF spores
from heavy metal soils possess enormous
potential for phytoremediation.

Soil salinity

AMF have been known to occur naturally in
saline environment. Salinity, not only affects
the host but also the AMF. It can hamper
colonization percentage, growth of
hyphae and spore germination of fungus.
Numerous researchers have  documented
the negative effects of salinity on the
fungus. Colonization of plant roots by
some AMF isreduced in the presence of
sodium chloride.
Propagules of mycorrhizal fungi
The spread to new roots, long-range
dispersal and persistence of mycorrhizal
fungi in ecosystems is dependent on the
formation of propagules and their
interactions with soil and environmental
conditions. Propagules of VAM fungi
include spores, root fragments containing
hyphae and vesicles (storage structures) and
soil hyphae. Propagules of ectomycorrhiza
fungi include hyphae, mycelial strands and
rhizomorphs.
Dispersal of mycorrhizal fungi
The spread of mycorrhizal fungi can
occur by active processes (hyphal growth
through  soil) or passive  dispersal
mechanisms. Hyphae of VAM  fungi
radiate outward from mycorrhizal plants
and thus <can slowly spread the
association to adjacent plants. Dispersal
mechanisms are responsible for introduction
of mycorrhizal fungi to new geographic
locations and the transfer of genetic
information.
Advantages of mycorrhizal bio-fertilizer
inoculation
e 1ton of VAM is equivalent to 24 tons of
phosphorus with the application dose of
0.5kg/ha spore suspensions.
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e Solubilize and absorb phosphate and
sulphur and increase availability and
uptake efficiency of plants for secondary
and micronutrients which are relatively
insoluble and immobile.

e |t leads to saving of 20-40 kg of
inorganic phosphates per hectare.

e Provide plant nutrients like phosphorus,
potassium, calcium magnesium sulphur,
iron, manganese, zinc and copper etc at a
very low cost. Enhances plant growth by
release of vitamins and hormones and
plant growth substances like auxins and
cytokinins etc. Increase in crop yield has
been recorded by about 20-40% with
their use.

e Improves the physical, chemical and
biological properties of soil by organic
matter ~ decomposition  and  soil
aggregation.

e |t is required in very small amount and
also becomes available to the subsequent
crop. Helps in nutrient recycling.

e Helps survival and proliferation of
beneficial microorganisms like
phosphorus solublizers, organic matter
decomposers and nitrogen fixers etc.

Conclusions

Mycorrhizae fungi are now known to

provide a wide range of significant benefits

to their plant hosts. In addition to enhancing
mineral nutrition, they induce greater
resistance to soil pathogens, enhance

tolerance to drought stress, and reduce
sensitivity to toxic substances occurring in
the soil. Many efforts have been made in
recent years to accrue benefits from
mycorrhizae for agriculture, horticulture,
forestry, and site remediation. The results
have been consistently positive, with some
difficulties due to complications from
diverse variables under field conditions.
Mycorrhizae interactions between plants,
fungi, and the environment are complex and
often inseparable. Mycorrrhizae are an
essential below-ground component in the
establishment and sustainability of plant
communities, but thorough knowledge is
required to achieve maximum benefits from
these microorganisms and their associations.
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Plant defence against abiotic and biotic stress
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Introduction

The concept 'stress' was given by Hans
Selye in 1936. Like any living organism,
plants also go through the condition called
‘stress’. The meaning of stress varies with
the field of study. In physical definition, the
stress is applied force divided by the area on
which the force or pressure act upon. In
chemistry, the stress is change in chemical
equilibrium in order to relief from it. While
in biological organisms, stress can be
described as any environmental factor
unfavourable for the living organisms.

Stress in plants differ from animals as plants
are stable and can not show physiological
and morphological changes in response to
stress. Plant stress is a state in which
increasing demands made upon a plant lead
to an initial destabilization of functions,
followed by normalization and improved
resistance or it may also result into
permanent damage or even death if the
tolerance limits and adaptive capacity is
crossed. Stress is caused by biotic or abiotic
factors or with highly unpredictable
fluctuations imposed on the regular
metabolic pattern, that cause body tension
like body injury, disease or aberrant
physiology. These factors are often called as
stress inducers or stressors.

Types of plant stress

Plant stress can be divided into two primary
categories — Abiotic and Biotic stress.

Abiotic stress is a physical or chemical
factor that the environment may impose on a
plant. There are multiple abiotic factors that
limit the plant growth. Drought,
waterlogging,  freezing, salinity,  air
pollutants, acid soil, mineral toxicity,
mineral deficiency etc. are the examples of
abiotic stress. Plant responses to abiotic
stresses are dynamic and complex, they are
both elastic (reversible) and plastic
(irreversible). Prolonged exposure to these
abiotic stresses results in altered metabolism
and damage to biomolecules. There is only
3.5% of the global land area left unaffected
by abiotic stress resulting about 70% reduce
limit in crop production.

Biotic stress is a biological factor that plant
may be exposed during its life time. Under
natural conditions, plants face the threat of
infection by pathogens (including bacteria,
fungi, viruses and nematodes) and attack by
herbivore pests. The habitat range of pests
and pathogens can be influenced by climate
change. Similar to abiotic, biotic stresses
also results in altered metabolism and
damage to biomolecules. The damage
caused by biotic stress may be 100% due to
severe attack of pathogens. For example
potato blight in Ireland, coffee rust in Brazil,
maize leaf bight in the USA and the Great
Bengal Famine in 1943. The intensity of
damage varies with the location as
susceptibility for same biotic stressor is
different in different location. According to
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ICAR-NIBSM  (Indian  Council  of
Agricultural Research — National Institute of
Biotic Stress Management) in India there is
loss in crop production by 25% due to
insects, 20% due to nematodes and 8% due
to vertebrate pests like rodents.

The combined effect of abiotic and biotic
stress proved to be more defensive as
compare to effect of individual stress. Many
abiotic stress conditions were shown to
weaken the defence mechanism of plants
and enhanced their susceptibility to
pathogen infection. Plants activate a specific
and unique stress response when subjected
to a combination of multiple stresses. In a
stressful ~ environment, the  specific
genotypes with appropriate gene
combinations become dominant in the
population.

Table 1. Sources of environmental stress

in plants
Physical | Chemical Biotic

Drought Air Competition
pollution

Temperature Heavy Allelopathy
metals

Radiation Pesticides | Herbivory

Flooding Toxins Diseases

Wind Soil pH Pathogenic

fungi
Magnetic field | Salinity Viruses

Ref.: Nilsen and Orcutt 1996

Working function of plant stress

Plant stress arises as a result of deviation in
environmental  factors from  normal
condition but this does not mean that every
deviation in environment leads to stress.
Normal seasonal changes does not create
stressful conditions but adverse conditions

for prolonged period can lead to stress
conditions viz. maintaining high temperature
without rainfall can lead to drought
condition turning into drought stress to the
plants.

Plants are confined to the place where they
grow and have a limited capacity to avoid
unpredictable unfavourable changes in their
environment (confrontation with extremes of
temperature, water shortage, insufficient or
excessive light or mineral nutrients, attack
by pathogenic bacteria, fungi, viruses and
viroids). But they have developed some
strategies to defend themselves against such
biotic and abiotic stresses, like alteration of
growth and  developmental patterns,
lignifications, gum deposition, tyloses
formation, release of some phenolic
compounds, proteins and sugar etc. (Fig. 1).
Plants are either more or less sensitive to
particular stressor at specific developmental
stages. The  sensitivity stages of
development are called windows of
sensitivity. Few plants have ability to
survive the unfavourable factor called as
“stress resistance”.

A response may be triggered directly by a
stress, such as drought, or may result from a
stress induced injury, such as loss of
membrane integrity. The intensity of stress
(pressure to change exerted by a stressor) is
not easily quantified. Stress could occur at a
low level with little effect, if this mild stress
continues for a long time, becomes chronic
stress and the physiology of plants is likely
to be altered. In contrast, conditions could
become difficult quickly, resulting in acute
condition. Therefore, it can be said that
stress is dramatic when applied for a short
duration at high intensity and when applied
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for a long duration at low intensity. It thus
accounts for the influence of both intensity
and duration on physiological performance.
Plant responses to chronic stress and acute
stress may be very different even though the
dose is the same. The reason is due to the
different genetic responses during acute and
chronic stress. The acute stress is more
harmful as compare to chronic stress proved
in number of experiments. For example,
UVB has more harmful effect on plant
genome stability by acute exposure than
chronic  exposure. Similarly,  transient
reduction of expression levels of the
transgene driven by the 35S promoter results
during acute exposure to abiotic stress, there
is no change in case of chronic stress.

The effect of environmental stress (abiotic
or biotic) on plant can cause three types of
responses — Resistance, susceptibility, and
avoidance (Fig. 2). The plant may show
either of three responses as a result of stress.
Plants show death response when they are
susceptible to stress, at this time flowering
stops, no seed formation, induce senescence
that ultimately leads to death. Plant survive
when they develop resistivity or avoidance
nature. Some of the plants escape from
stress, this is referred as avoidance.
Avoidance mechanism reduce the impact of
stress even though the stress is present in the
environment.

Plant Defence Responses

/

Constitutive
(already present)

/\

Structural Biochemical
- wax - pre-formed
- cuticle - inhibitors
- thickness
- hairs - phenolic
- shape & compounds
activity
of stomata

Induced
(induced during stress)

Structural Biochemical

- cork - hypersensitive
layer - phytoalexins

- abcisson - systemic

layer acquired

- gums resistance (SAR)
- papillae - anti-microbial
- tyloses enzymes

Fig. 1: Plant defence responses against abiotic and biotic stress

Resistivity response of plants may be
acquired either by acclimation or adaptation
process. Stress resistance plants have
capacity to tolerate particular stress. There is

very important  distinction  between
acclimation and adaptation responses.
Acclimation is a change in homeostasis (a
steady state condition of plant) to adjust
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physiological and structural attributes on the
scale of seconds or seasons i. e. in a time-
dependent manner within a single genotype
to accommodate (further) shifts in its
external environment. Acclimation is a
temporary acquired process i.e. on removal
of stress condition plant acquires its original
attributes back. This attribute of plant to
undergo non-permanent changes is referred
as phenotypic plasticity and the process of
acclimation to a stress is known as
hardening. The plant species having capacity
of being acclimatized are hard species.
Whereas Adaptation occurs by various
mechanisms at the genetic level in

populations over many generations that
represent permanent changes in the
physiology or morphology of the individual
which cannot be reversed if the prevailing
environmental conditions become same.
Thus acclimation is a physical reaction made
in order to adjust to said changes and
adaptation involves changes in both physical
and chemical composition of an organism
brought about by habitat changes.
Adaptation is natural and necessary process
for survival of a species, while acclimation
only happens when there are small changes
in the habitat.

Environmental Stress

Abiotic

Biotic

ll

Stress

Response

Resistance Susceptibility Avoidance
Acclimation Senescence Survival

I J

Growth Death

J

Survival

Fig. 2: Three types of responses against plant stress
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Measures to mitigate stress conditions
Plant growth, productivity and distribution

are greatly affected by both abiotic and
biotic stress as a result affecting the life of
man and animal. In the world, the biotic
stress have resulted in 800 million people
under fed due to yield loss. In the same way
2/3" of the yield potential of major crops are
routinely lost due to the abiotic stress. By
2050, the world population is estimated to
reach about 10 billion facing serious food
shortages. Hence, it is required to deal with
plant stresses either by lower down them or
to develop such varieties which are
resistance to them. Lower down the plant
stress is a difficult task as to deal with the
climate changes and environmental risks is
beyond the human capability. But the later
option to develop the resistive plant varieties
against stress is under human capability and
is widely used to mitigate the problems of
food scarcity and afforestation. Followings
are the ways to approach the target of
developing the plant variety with stress
resistance and high yielding potential:
Conventional method

These methods involve proper landscape
management  practices, selecting and
growing stress resistance/tolerant and high
yielding  variety either by simple
hybridization method, e.g. cassava, millet
and sunflower or by applying plant tissue
culture approach, e.g. maize, rice, wheat,
rice, sugarcane etc.

Modern methods

These methods include mutation breeding,
tilling (targeting induced local lesions in
genomes), microarray method, by using
biochemical (proline, protein, chlorophyll,
MDA etc) and molecular (RAPD, AFLP,
SNP) markers, and genetic engineering by

developing transgenic varieties. For example
varieties of rice, wheat, tobacco, sugarcane
have been developed through modern
techniques.
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Primula denticulata

It is beautiful Himalayan herb distributed in
Afghanistan, Burma to S. Tibet, Bhutan. In
India it is found in Temperate Himalaya,
Kashmir to Kumaon, E. Himalaya at
Altitude of 1500-4500 m. It belongs to
family  Primulaceae.  Species  epithet
‘denticulata means ‘small  toothed’.
Primula elata, Primula telemachica and
Primula aequalis are the synonyms of
Primula denticulata

Erect stems are topped with round balls of
tiny bell shaped flowers and appears like
drumstick hence it is commonly known as
Drumstick primula. In Tibet it is known as
Keechey and in Himachal Pradesh it is
known as Jaibeez. It is one of the very early
flowering plant in Himalayan regions.

It is small hairy, scapigerous, somewhat
powdery or mealy-looking, perennial herb.
Rootstock stout, short and thick. Rhizome
short. Stems base surrounded with broadly
ovate, brownish-red, succulent, persistent
bud scales. Leaves oblong to oblanceolate,

erect or spreading, blunt, rounded or obtuse
at the apex, toothed, wrinkled, margins
denticulate, wavy, puberulus on the upper
surface.

Leaves much enlarges after flowering and
seen in compact rosettle. Flowers pale-lilac
or pinkish-purple or somewhat white with
yellowish throat, in compact, globular, head.
Petals bilobed. Stamens 5 in number. Fruits
(Capsules) subglobose or oblong or
cylindrical. Flowering and fruiting period is
May-August.

It is generally found in meadows, wet open
places, alpine slopes, and shrubberies. It
contains primin and other quinoid
compounds which are contact allergens. It is
not evaluated in IUCN Red List Criteria.
Plant is used in diabetes, headache, liver
problem, giddiness, pulmonary disease,
urinary ailments and as a appetizer. Flowers
are eaten as salads. Powdered roots are used
for killing leeches. They may be used as a
substitute for Senega (Polygalla senga).
Roots are generally used to kill lice. It is
cultivated as ornamental plant and
propagated by seeds and rhizomes.
Tragopan melanocephalus

It is very beautiful bird, endemic to Western
Himalayan regions of Jammu Kashmir,
Himachal Pradesh and Uttrakhand. In
Himachal Pradesh it is distributed widely in
Chamba, Lahaul-Spiti, Kinnaur, Shimla and
Kullu districts. It commonly known as
Western tragopan and locally known as
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Jajurana means ‘king of birds’. It belongs to
order Galliforme and family Phasianidae. It
is state bird of Himachal Pradesh and its
captive breeding center is located in Sarahan
of Himachal Pradesh.

Western tragopan is bright dark grey and
black in colour with numerous white spots
each spot bordered with black and deep
crimson patches on sides. Male is slightly
larger in size than female. Head is black
with red cheek patches. Sides of the head
and throat are thin feathered and brightly
colored. Bill is short, strong and sought.
Neck is bright red. Wings rounded and tail
comprises 18 feathers. Male and female are
almost similar in appearance except longer
legs in males and variable amount of black
and red on neck.

It is found in temperate and deciduous forest
of Himachal Pradesh at altitude of 1500-
3600 m. In winters it shows local altitudinal
movements in lower areas. It is arboreal but
generally feeds on ground. It feeds on
leaves, buds, flowers, shoots, roots, seeds,
fruits and insects. Skimmia laureola,
Viburnum nervosum, Quercus
semecarpifolia, Sarcococca saligna,
Principia utilize are the examples of some of
the food plants of Western tragopan. April to
June is its nesting and breeding season. It

lays 2-6 eggs at a time. Incubation period is
26-30 days.

It is protected under schedule-1 of wildlife
protection act 1972 and given status
Vulnerable (VU) in International Union of
Conservation of Nature (IUCN) Red List.
Convention on International Trade in
Endangered Species (CITES) has listed this
species in Appendix | in order to discourage
selling of its feather. Although it is fully
protected locals in their range are still using
fathers of Western tragopan for decoration
and status symbols.

There are only 2500-3500 individuals in the
wild (Pandey and Rehmani 2012). Natural
habitat loss is major reason behind the
declining population of Western tragopan.
This species is highly threatened in its range
by several anthropogenic factors like
construction of hydro power projects,
tourism activities, forest fire, grazing,
hunting for decorative plumage, trapping for
meat and over exploitation of plants and
mushrooms. Hence public awareness is very
necessary along with its in situ and ex situ
conservation.
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