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From the Editor’s desk

Agrofarestry, a sustainable land management system, integrates trees and shrubs into agricultural
landscapes to create diversified and resilient farming systems. This concept combings traditional
agricultural practices with forestry technigues, offering a multitude of possibilities for enhancing
productivity, biodiversity, and ecosystem services. By strategically incorporating trees on farms,
agroforestry systems provide multjple benefits such as improved soil health, water conservation,

carbon sequestration, and enfianced biodiversity. Moreaver, agrofarestry offers opportunities for

smallfolder farmers to diversity their income streams. Agroforestry practices offer significant
potential for achieving several Sustainable Development Loals (SDGs) established by the United
Nations y promoting sustainable agriculture, enfiancing food security, supporting rural livelifoods, and mitigating envirommental
degradation. As the world grapples with challenges like chimate change, soil degradation, and food insecurity, agroforestry

BIMErges as 4 promising solution that aligns agricultural production with envirommental conservation and resilience.

In line with the abave this issue of Van Sangyan contains an article on SIaTlA): fSCHIOT va FHGATT. [here are also

useful articles viz. Agroforestry practices for achieving sustainable development goals, Resilience strategies for heatwaves and
their impact on forestry and agriculture sectors, An insight into the timber trees of Jelangana, blobal warming and clhimate
change: A looming crisis for humanity, Isabgol: an important medicingl plant, Species Recavery Pragramme- A step towards

Lonservation, Urganic farming certification and present scenario in India, T<&T % TH@ #12 UF THiFT #12 JAET THA17
and TTITY TRATT 7 T H1 77T

Looking forward to meet you all through forthcoming issues
Dr. Naseer Mohammad
Chief Editor
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owners, make no warranty, express or implied, with respect to the material

contained herein.
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Abstract

Agroforestry as a land use system can help
to achieve at least nine of the 17
sustainable development goals. It is an
important tool for both climate mitigation
and adaptation. Agroforestry combats
poverty and hunger, increases biodiversity,
gives women greater control over
resources and frees up women's time.
Studying the contribution of agroforestry
practices in the context of Sustainable
Development Goals is crucial when the
COVID-19 pandemic has hindered the
achievement of many of the crucial SDGs.
Agroforestry  can  significantly  and
effectively support SDG-1, SDG-2, SDG-
11, SDG-13 and SDG-15 directly to
reduce poverty, improve food security,
build liveable, healthy cities, and provide a
sustainable, prosperous environment under
the current climate change conditions,
while indirectly supporting other SDGs
such as bettering health and education,
empowering women, and promoting
effective  coexistence. In order to
accomplish the objectives of sustainable
development, an integrated landscape
approach will offer the means to guarantee
that the most suitable methods and
approaches are adopted in the proper
location for the proper reasons.

Keywords:  Agroforestry, sustainable
development goals, climate change,
integrated approach.

&

Introduction

The Sustainable Development Goals
(SDGs) are a set of 17 workable areas and
169 targets adopted by the United Nations
General Assembly in 2015, aspiring to be
fulfilled by the year 2030. It complements
the eight Millennium Development Goals
(MDGs) to attain sustainability in social,
environmental, and economic growth
(Salvia et al. 2019). For these goals, land
use, particularly food systems, has been
seen as a single point of convergence. We
now require agriculture that can "multi-
functionally" boost food production while
also enhancing social and environmental
goals, as pledged to in the Sustainable
Development Goals (SDGs). Farming
must become more robust to many threats
such as climate change, soil degradation,
and market volatility, all of which impair
sustainability (Waldron et al. 2017).

As per the recent reports by the
Agroforestry Network, land management
systems such as agroforestry have the
potential to achieve nine out of the 17
SDGs with a relatively higher focus on
goals such as 1 (No Poverty), 2 (Zero
Hunger), 13 (Climate Action), and 15 (Life
on Land) than others (Agroforestry
Network 2018). Agroforestry is a
combination of land-use systems that
incorporates trees and shrubs on farmlands
and rural landscapes with or without
animals to improve  productivity,
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profitability, diversity, and ecosystem
sustainability, according to the National
Agroforestry Policy (2014). Understanding
agroforestry techniques offers
commendable chances to find answers to
the global issues of self-sufficiency and the
provision of essentials (Singh et al. 2022).

Here are a few instances showing how
agroforestry contributes to the
achievement of at least nine of the 17
SDGs through sustainable food
production, ecosystem services, and
financial gains:

Agroforestry for SDG 1 & 2: Ending
Poverty and Hunger

It is estimated that 648 million (about eight
percent of the global population) is living
in poverty, whereof 43.1% live in rural
areas and a majority work in agriculture
(World Bank 2022). Between 691 and 783
million people faced hunger in 2022 (FAO
2022). Agroforestry contributes to food
security in multiple ways. Agroforestry is
a system that integrates land uses (forest
and open-field agriculture) and with the
right combinations of trees, crops, and
livestock, it can provide a variety of goods,
benefits, and services simultaneously,
including nourishing food, renewable
energy, clean water, and biodiversity
preservation. Studies also show that
planting nitrogen-fixing trees can increase
yields up to several hundred percent.
However, crop yields can also be affected
negatively if the density of trees is too
high, which can lead to crops competing
with trees for nutrients, light and water
(Akinnifesi et al. 2009).

Agroforestry for SDG 3: Ensure healthy
lives and promote well-being for all at
all ages

5
4

Farmers  profit  significantly  from
agroforestry systems in terms of health.
One example is the possibility of reduced
pest control with chemical pesticides,
which has severe consequences for the
environment and human health. The
effects of pests and diseases on crops can
be reduced in agroforestry systems.

Agroforestry for SDG 5: Achieve gender
equality and empower all women and
girls

Agroforestry can improve women's
empowerment, involvement, and access to
economic  and  natural  resources.
Agroforestry is a land management
strategy that can help women and
minimise gender inequality in various
ways. Women have always been
responsible for gathering fuel wood. They
spend less time and walk shorter distances
hunting for fuel in the forest when
agroforestry is implemented because they
can access firewood at home. This also
means increased personal safety, more
time for income-generating activities such
as picking fruits and other tree products to
sell. Agroforestry can provide unique
opportunities for women to play a central
role in food production and value chains
despite limited access to land.

Agroforestry for SDG 6: Ensure
availability and sustainable
management of water and sanitation for
all

Trees are vital for the creation of rain on a
regional and continental scale because
forested areas produce more water vapour
and increase relative humidity.
Furthermore, an intermediate tree density
can maximise groundwater recharge in
conditions that are common throughout

¥ © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

Vol. 11, No. 1,

Issue: January 2024

much of the seasonally dry tropics.
Without the trees, these tropical soils lose
their bigger pores, preventing most of the
water from penetrating deep into the soils.
As a result, agroforestry plays a significant
role in mitigating the consequences of
deforestation by increasing tree cover on
already deforested land and so contributing
to increased rainfall.

Agroforestry for SDG 7: Ensure access
to affordable, reliable, sustainable and
modern energy for all

Currently, 2.4 billion people rely on
firewood to cook their food. Deforestation
makes it more difficult for individuals,
particularly women and girls, to obtain
firewood, requiring them to walk further.
Agroforestry can help to lessen forest
pressure by providing farmers with
bioenergy, timber, and other forest
products.

Agroforestry for SDG 12: Ensure
sustainable consumption and
production patterns

As the world’s remaining forests are
threatened by rising demand for food, feed,
fibre, and fuel, women and men in
developing nations will face new
problems, particularly in a changing
climate. Agroforestry is a promising land
management method that has the potential
to improve livelihoods of farmers while
lowering pressure on forests, contributing
to more sustainable production patterns.

Agroforestry for SDG 13: Combating
climate change and its impacts

Agriculture, forestry and other land
uses are major contributors to greenhouse
gas emissions, accounting for 21% of total
global emissions. Deforestation, raising

animals and managing soil and nutrients
all result in emissions. Agriculture
contributes to emissions, but it is also
severely impacted by climate change, with
decreased crop yields being one example.
When determining global and national
carbon budgets, trees on agricultural lands
are typically not taken into account for
their potential for mitigation, but they are
recognised as a Clean Development
Mechanism used to offset emissions from
higher income countries. Even though it is
difficult to estimate the above and
belowground carbon storage, studies show
that agroforestry increases carbon storage
aboveground in biomass, and belowground
through enhanced root production, organic
material from roots incorporated into the
soil, and litter fall (Kim et al. 2016). While
storing less carbon than forested areas,
agroforestry holds more carbon than
pastures and fields with annual crops.
Additionally, storage potential is higher
near the equator and in humid regions
compared to arid and semiarid climates.
Increasing resilience to climate changes
and shocks like droughts and floods is
another  possibility  presented by
agroforestry. Agroforestry results in a
more diverse farm and variety of food,
which helps lessen the vulnerability of
farmers' livelihoods.

Agroforestry for SDG 15: Life on land
(Halting biodiversity loss)

More than 75% of the terrestrial
biodiversity on the planet is found in
forests. Turning forests into agricultural
land is the major reason for biodiversity
losses in tropical regions, where most of
the world’s biodiversity reserves are found
(Scales and Marsden 2008). A big part of

¥ © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

Vol. 11, No. 1,

Issue: January 2024

the reason for the rise of agriculture in
these areas is the rapid rate of population
increase and the international commerce of
agricultural products like soy, beef and
palm oil. This deforestation increases the
greenhouse gas effect, since trees absorb
carbon dioxide. Biodiversity is crucial to
global food production and food systems
resilience, especially in the light of climate
change, but is at risk due to the growing
demand for food and biofuel (Agroforestry
Network 2018). Agroforestry systems are
significant in reducing biodiversity loss
because they provide habitat for a wider
range of species than agricultural fields
with annual crops.

Conclusion

Nine out of the 17 Sustainable
Development Goals (SDG) can be attained
with the help of agroforestry as a land use
system. Agroforestry is an important
technique for both climate mitigation and
adaptation because trees play a significant
role in the storage of enormous amounts of
carbon and because it helps farmers
become more resilient to shocks caused by
the climate and unpredictable weather.
Agroforestry helps smallholder farmers
who are struggling to make ends meet by
reducing poverty and hunger and by
boosting yields and providing a wider
range of livelihood options. If done
correctly,  agroforestry can  reduce
dependency on a single crop and improve
soil fertility, both of which are crucial
components of raising food security.
Agroforestry can boost biodiversity
because trees in these systems serve as
habitat for many different species, a
"pbuffer zone™ against destruction, and a
"green corridor" that permits species to

move across landscapes, which is essential
for their survival. Agroforestry can
strengthen women control over resources
and free up women’s time. One benefit of
agroforestry is that it reduces the amount
of time needed to travel vast distances in
search of fuel in the forests. Accessing
firewood at the door can improve women’s
(and men’s) personal safety and free up
more time for activities that generate cash
because this is usually seen as a woman’s
chore. Agroforestry practises have the
potential to benefit both men and women if
they are implemented properly. For
instance, women and men can share
knowledge about which trees to plant and
how to manage trade-offs, such as the ideal
tree density for a system to function
optimally.
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Introduction

Heat Wave as an extreme weather event
has recently has become a concern for
disaster management in India due to
widespread and severe impact on health
and environment. For last few years, heat
wave during the summer season is
increasingly affecting morbidity and
mortality in the country. Looking at the
current scenario, effective response is
important for saving peoples life and
health, besides evolving strategies for
future risk mitigation and management of
heat waves conditions. Extreme weather
conditions have become so obvious and
impacted lives across the world
particularly over the last decade and more.
Hence, ways and means to understand and
cope with extreme heat events have
become essential to coping strategies for
communities.

The 2010 Indian heat wave can be
considered a wakeup call that inter-
governmental agency action, preparedness
and community outreach  becomes
imperative to save lives lost due to such
extreme events. In India, 2014 surpassed
2010 as the warmest year in a global
temperature record that stretches back to
1880s. The 10 warmest years on record
have all occurred since 1997, a reflection

of planetary warming that scientists predict
is a consequence of anthropogenic
emissions and poses profound long-term
risk to civilization. The death toll due to
heat waves is crossing a certain mark and
the situation has tightened its grip on states
of Odisha, Telangana, Andhra Pradesh,
and other states as well. The question
remains whether we are adequately
preparing to deal with such eventualities.
From the view of hazard mitigation, rising
number of heat wave related deaths is
expected to serve as danger signal and
corroborate the need to develop innovative
methods to control summer-time losses.

The earth’s average temperature has been
rising since the late 1970s. However, the
year 2021 has broken the historical record
of the global climate in many ways. The
average global temperature across land and
ocean surface areas in 2021 was 1.12°C
higher than the twentieth- century average.
Heat waves are becoming extremely
intense and frequent in various parts of the
world including India leading to losses in
agricultural productivity and thousands of
deaths. The Sixth Assessment Report of
the IPCC has also reiterated that climate
change is real and its impact is being felt
throughout the globe. In many parts of
India, warmer summer and droughts have
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significantly impacted agriculture. Global
food production is steadily increasing, but
the rate of increase especially for major
cereal crops is declining.

Heatwave by WMO

The World Meteorological Organization,
defines a heat wave as 5 or more
consecutive days of prolonged heat in
which the daily maximum temperature is
higher than the average maximum
temperature by 5 degree or more
Heatwave by IMD

The IMD has given the following criteria
for heatwave “If maximum temperature of
a station reaches at least 40°c or more for
Plains and at least 30°C or more for hilly
regions.”

How IMD predicts the Heat wave?

IMD predicts heat wave based on synoptic
analysis of various meteorological
parameters and from the consensus
guidance from various regional & global
numerical prediction models like, WRF,
GFS, GEFS, NCUM, UMEPS, UM
Regional etc. run in Ministry of Earth
Sciences (MoES) and other international
models available under bilateral multi-
institutional arrangement. Heat wave as a
hazard causing disaster scenario, is little
more than the physical phenomenon of
high heat conditions, and is characterized
as a complex of hydro-climatic risks
coupled with social, occupational, and
public health risks. A Heat Wave is a
period of abnormally high temperatures,
more than the normal maximum
temperature that occurs during the summer
season in the North-Western parts of India.
Heat Waves typically occur between
March and June, and in some rare cases
even extend till July. The extreme
temperatures and resultant atmospheric

conditions adversely affect people living in
these regions as they cause physiological
stress, sometimes resulting in death. As
such there is no universal definition for
heat wave. It is generally defined as a
prolonged period of excessive heat. The
Indian Meteorological Department(IMD)
has the following criteria for Heat Waves
as

e Heat wave need not be considered
till maximum temperature of a
station reaches at least 40°C for
plains and at-least 30°C for Hilly
regions

e When normal maximum
temperature of a station is less than
or equal to 40°C heat wave
Departure from normal is 5°C to
6°C and severe heat wave departure
from normal is 7°C or more

e When normal maximum
temperature of a station is more
than 40°C heat wave departure
from normal is 4°C to 5°C and
severe heat Wave Departure from
normal is 6°C or more.

e When actual maximum
temperature remains 45°C or more
irrespective of normal maximum
temperature, heat waves should be
declared.

In 2015, the heat wave in India is known
for more than 2,300 deaths, making it the
5™ worst globally in terms of number of
deaths. Most of the deaths were reported in
Andhra Pradesh, Telangana, Punjab,
Odisha, and Bihar. In 2016, global
temperatures continuedto soar. The month
of April 2016, for example, saw highest
recorded average global temperature. India
too witnessed one of the severe heat wave
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conditions during April 2016 which
contributed to many heats related deaths.
Global Heat wave conditions in April
2016:

In India, unlike March-April 2015, in
2016, people did not get much relief from
high temperatures due to the absence

Uttar Pradesh, Maharashtra, Telangana,
and Andhra Pradesh. Between mid-March
and mid-April 2016, maximum
temperatures  (excluding  north-eastern
states and Jammu and Kashmir) have been
above normal by 2-4°C with the greatest
impact in north-central and eastern India.

April 2016

L-0TI{'C) Anomaly vs 1951-1980 111

4.1 4.0 -2.0 -1.0 0.5 0.2 0.20.5 1.0 2.0 4.0 6.5

[Source NASA)

ofthunderstorms and rain. Temperatures in
some areas had crossed 45°C and were
consistently above normal in many parts of
West Bengal, Odisha, Bihar, Jharkhand,

Ten highest mortality heat events across
globe (2001-2010)
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More than 370,000 people died due to and long-term trends associated with

exposure to extreme weather and climate
conditions (20 per cent higher than 1991-
2000) and death due to heat wave alone
amounted to 136,000 in 2001-2010,
compared to less than 6,000 in 1991-2000
(the increase of more than 2,000 per cent
was due to heat wave in Europe in 2003
and in Russia in 2010). Some 44% of
countries recorded hottest temperature
during 2001-2010, compared to 24% in
1991-2000. In terms of the India’s heat
records, the reason attributed was due to a
combination of seasonal climatology,

Recorded maximum temperature

At or above

4‘50C for all locations

When should a heat wave be DECLARED?

At or above

4’ 0 OC for coastal locations

global warming.

Heat wave conditions in India

According to a study done by researchers
from 1T Bombay, TISS and Monash
University, Australia, the frequency, and
intensity of heat waves is going to increase
in the future. In a paper published in the
April 2015 issue of the Journal of Regional
Environmental Change, they wrote “heat
waves are projected to be more intense,
have longer durations and occur at a higher
frequency and earlier in the year.” Apart
from predicting that heat waves will

B

prevailing circulation (wind, cloudiness)

become more common in south India, the
scientists say that “In northern India, the
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average number of days with extreme heat
stress condition during pre-monsoon hot
season will reach 30. The intensification of
heat waves might lead to severe heat stress
and increased mortality thus, calling for
immediate attention and mitigation and
coping strategies.

Deaths due to heat waves in india
2500

2,000 //\\
1,500

PN

N VY

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Source: India NDMA
Another reason for the rise in heat was due
to sparser pre-monsoon season showers,
which brought less moisture than normal
to the area, leaving large parts of India arid
and dry. The sudden end of pre-monsoon
rain showers, an uncommon trend in India,
has contributed to the heat waves.
Additionally, the monsoon season is later
and further south than the normal trend.
This weather pattern, coupled with the El
Nino effect, which often increases
temperatures in Asia, combined to create
the record high temperatures. High
humidity compounded the effects of the
temperatures on residents. The “Loo,” a
dry wind originating from Pakistan and
northwest India, has contributed to
increasing the temperature in India.
Technologies/strategies for heat wave
management
Crops
Increase in temperatures in many parts of
India has triggered the heat wave

ties
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conditions during March-April 2022,
impacting the vyields of rabi crops
particularly ~ wheat. The prevailing

maximum temperatures have increased by
4-50 C compared to the previous year at
several locations. Wheat crop experienced
heat stress during 3rd and 4th weeks of
March where the crop is at milking stage
and resulted in shriveled grains, affecting
both quality and weight of output.

In India, wheat crop was sown in an area
of about 31 million ha during 2021-22
crop season. Out of this approximately 75
percent lies under timely sown (planted on
or before November 15). Timely sown
crop was in excellent condition under
NWPZ (Haryana, Punjab, West UP) and
NEPZ (east UP, Bihar and West Bengal)
till second week of March but suddenly
rise in temperature affected the crop. The
late sown crop (in about 6-7 million ha
area) got affected severely.

Various technologies are available to
minimize the yield loss in wheat due to
heat wave and some of them are

-

Ahmedabad Bhopal
(o O s6°C

transferred to farmers’ fields. Several heat
tolerant wheat varieties, PBW 803, DBW
187 and DBW 222 can tolerate high
temperatures and can produce normal
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yields compared to local variety HD-3086
(Table 5). Technologies such as residue
management of rice by various machines
enable timely sowing of wheat. Direct
seeding of rice can result in early maturity
by 10 days which can enable timely
sowing of wheat. Spray of KNO3 @ 0.5%
at boot leaf and anthesis stages can
minimise the vyield loss. Providing
additional irrigation through effective
methods during heat stress period can
alleviate the stress with optimal water use.
Horticulture

In Uttar Pradesh, about 5°C temperature
increase in March from the normal has
resulted in mango flower drop and lots of
Jhumka problem in mango due to poor
pollination. Due to recent increase in
temperature in Vidarbha region, citrus
orchards witnessed fruit drop in several
areas. In order to mitigate these problems,
ICAR-Central Citrus Research Institute
(CCRI) and ICAR-Central Institute for
Sub Tropical Horticulture (CISH) have
issued advisories for orchard growers to be
followed during the months of April-May.

e If the orchard is more than 6 years
age, 150-240 litres water/day/tree
is required. Drip irrigation with
organic mulch should be preferred.
In  conventional method of
irrigation, time of irrigation is to be
prolonged.

e Mulching helps in maintaining the
soil moisture for long period.
Mulch the soil with paddy straw or
locally available organic or
inorganic material. Black polythene
material would be essential to
prevent excess evaporation.

e Foliar spray of 2-4% Kaolin is
recommended depending on the

severity to reduce the transpiration.
Two foliar spays of Potassium
nitrate 1-1.5% may also be done at
an interval of 15 days during April-
May.

e Apply Copper oxychloride 50 WP
@ 25¢/10 litre  water for
controlling fruit blight infection.

e Water stress conditions often
aggravate the mite problem during
these months. Therefore, foliar
application of Dicofol 18.5EC @27
ml or Propargite 57EC @ 20 ml or
Ethion 50EC @20 ml in 10 litre
water twice at 15 days interval is

necessary during summer,
particularly during the stress in late
summer.

e The sudden rise in temperature has
also triggered new vegetative flush
in mango, which acted as powerful
sink for assimilates than the fruits
resulting severe fruit drop in
mango. The fruit set also reduced
due to minimal activity of
pollinators owing to heat wave.

e Frequently irrigate citrus field to
counter the effect of heat waves
was suggested at many locations.

Technological options to mitigate the
effect of heat wave on vegetables
Tomato

e Maintain soil moisture near to field
capacity by frequent irrigation. In
drip irrigated crop, system need be
operated twice for half-an hour
daily (morning and evening).
Under surface irrigation system,
tomato crop should be irrigated
twice a week with 4 cm water each
time.

e Use organic mulch of 5-7 cm
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thickness around the plant to
maintain congenial soil and micro-
climate nearby plants.

Use 3-4 rows of maize as border
crop to reduce the impact of heat
wave on main crop.Border crop
should be repeated at every 20-25
m distance.

Two sprays of plant growth
substances such as Salicylic acid
(250 pmol/ lit) or Sodium
nitroprusside (SNP @ 25 pmol/ lit)
is also helpful in improving fruit
set and size.

Cultivate high temperature tolerant
hybrids such as, Kashi Tapas and
Kashi Adbhut.

Cucurbitaceous vegetables (Sponge
gourd, Cucumber, Muskmelon)

Soil moisture management,
application of organic mulch and
maize as border crop as in the case
of tomato is recommended.

Use shading net of 50% (1.5-2.0 m
above the field surface) to reduce
the intensity of solar radiation.
Make 2-3 sprays of pesticides
(Lambda Cyhalothrin 2.5% EC @
1 ml/lit or mixture of Acetamiprid
(0.5 g) + Pyriproxyfen (1 ml/ lit).
Cowpea

Maintain higher soil moisture in
the field by frequent irrigations.
Use 3-4 rows of maize as border
crop to reduce the impact of heat
wave on main crop.

Livestock

optimum

Provide insulation on top of the
shed with sprinklers and use of
foggers in animal sheds to sprinkle
the water on animals and maintain
body temperature

conditions.

Install fans and coolers in animal
sheds to bring down the
temperatures and to reduce the
impact of heat stress.

Use shade nets for animal sheds to
reduce the direct sun light and
reduce the heat stress.

Proper feed supplementation with
mineral mixture @ 50 g/day/animal
and UMMB blocks to be taken up
to provide sufficient nutrients and
to enhance the milk yields up to 1-
1.5 l/day/animal.

Encourage indoor feeding with
green fodder instead of outdoor
grazing to reduce the heat stress
and increase the feed intake

Water bath to lactating animals to
reduce the sun stroke.

Poultry

Poultry house temperature can be
reduced up to 3-5°C by providing
insulation on top of the roof with
water sprinklers, providing foggers
inside the house with forced
ventilation, providing side curtains
and sprinkling water on the
curtains are some approaches to
minimize the losses.

Increase the nutrient density
(primarily energy and amino acids)
of diets by about 10% to
compensate the reduced feed
(nutrient) intake during heat stress.
Feed the birds during early
morning (before 5 AM) and late
evening (after 5 PM) to increase
feed intake and avoid production of
metabolic heat during peak hours
of high ambient temperature.
Provide cool water during hotter
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part of the day tokeep the body
temperature under control.
Fisheries

e To hold one ton of fish, nearly 3-4
LPS (180-240 LPM) of water flow
is required at an average
temperature of 15°C. In higher
water temperature, water flow
should be increased as 300-350
LPM to maintain sufficient level of
dissolved oxygen i.e.,> 7 ppm.

e Water depth in the fish pond
should be raised from 0.8 m to 1.0
m by adding fresh water.

e Thinning of the growing stock
should be done @ 10-15 kg/m3
compared to 15-20 kg/ m3 under
normal condition.

e Reduce the quantity of feed by 10-
20%  compared to  normal
condition.

Effects of Heatwaves on Forest
Heatwaves can have significant and far-
reaching effects on forests, impacting their
overall health, biodiversity, and ecosystem
functioning.

Increased tree mortality

Heatwaves can result in elevated tree
mortality rates. For example, a study
published in the journal Nature in 2020
analyzed data from more than 1 million
forest plots across the globe and found that
heatwaves have caused a significant
increase in tree mortality in recent
decades. The study reported that heat-
related tree mortality events have become
at least 3 times more frequent over the past
century. A study in California found that
heatwave in 2002 caused an increase
mortality rate up to 60%.

Reduced forest productivity

Heatwaves can have detrimental effects on

forest productivity. A study published in
the journal Nature in 2018 analyzed
satellite data and found that global forest
productivity declined by approximately
2.9% from 2000 to 2010 due to increased
heat stress. The study projected that if
global temperatures continue to rise, forest
productivity could decrease further,
impacting carbon sequestration and
ecosystem services provided by forests. In
Thailand 3 consecutive days of high
temperature (>40) reduced annual tree
growth rate by 2-3%.

Increased wildfire risk

Heatwaves contribute to the conditions
conducive to wildfires. According to the
European Forest Fire Information System
(EFFIS), heatwaves have been associated
with an increase in the number and
severity of wildfires in Europe. For
instance, during the European heatwave in
2019, an unprecedented number of
wildfires occurred across several countries,
including Sweden and Greece.

Altered species composition and
distribution

Heatwaves can lead to changes in forest
composition and distribution. A study
published in the journal Global Change
Biology in 2019 examined long-term
forest monitoring data in Europe and found
evidence of a shift in tree species
composition towards more drought-
tolerant and heat- tolerant species. The
study highlighted that such changes could
have long-lasting impacts on forest
ecosystems and biodiversity.

Impacts on water resources

Heatwaves can affect water availability in
forested areas. A study published in the
journal Environmental Research Letters in
2019 analyzed data from 1979 to 2015 and
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found that heatwaves have led to
reductions in soil moisture and streamflow
in forests across Europe. These changes in
water availability can impact the health
and functioning of forest ecosystems and
have implications for downstream water
resources.

Increased susceptibility to pests and
diseases

Heatwaves weaken trees, making them
more vulnerable to pest infestations and
diseases. Prolonged heat stress can
compromise a tree's defense mechanisms,
making it less able to fend off attacks from
insects, fungi, and pathogens. This can
lead to outbreaks of pests and diseases that
can further harm forest health.

Altered  species composition and
distribution

Certain tree species may be more resilient
to heatwaves than others, leading to shifts
in the composition and distribution of
forest ecosystems. Heat-intolerant species
may decline, while more heat-tolerant
species may become dominant. This can
result in changes in the structure and
function of the forest ecosystem, affecting
wildlife habitats and biodiversity.
Disruption of ecological interactions
Heatwaves can disrupt the intricate
ecological interactions within forests. For
example, shifts in flowering and fruiting
timings of trees due to heat stress can
disrupt pollination and seed dispersal
processes. This can have cascading effects
on other species that depend on these
interactions for their survival and
reproduction.

Effect of Heat waves on Wood
Production

Reduced wood growth and yield
Heatwaves can negatively impact wood

production by affecting the growth and
yield of trees. High temperatures and
drought conditions during heatwaves can
lead to water stress, limiting the
availability of water for tree growth. This
can result in reduced wood formation,
decreased tree growth rates, and ultimately
lower wood production. In India
heatwaves can reduce the productivity of
teak plantations by up to 50%. Heatwave
event in 2017, the growth of pine trees in
central Europe decreased by up to 60%.
Altered wood quality

Heat stress can affect the quality of wood
produced by trees. Increased temperatures
can disrupt the process of lignin formation,
which is important for wood strength and
durability. This can result in weaker and
less valuable wood with reduced
commercial viability. Heatwaves can
increase the number of resin canals in the
wood, which can lower the value of the
timber and reduce its durability.

Shifts in tree species composition
Heatwaves can lead to shifts in tree species
composition, which can have implications
for wood production. Certain tree species
may be more resilient to heatwaves than
others, leading to changes in the dominant
tree species in forested areas. This can
influence the availability and quality of
wood resources.

Effect of Heatwaves on Wildlife
Heatwaves can have significant impacts on
wildlife, affecting their behavior, habitat,
and overall survival.

Increased mortality

Heatwaves can lead to increased mortality
among wildlife populations, particularly in
species that are sensitive to high
temperatures. Heat stress can cause
dehydration, heat exhaustion, and organ
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failure in animals, especially those that
cannot adequately cool down or find
shelter in extreme heat conditions.
Disruption of behavior and feeding
patterns

Heatwaves can disrupt the behavior and
feeding patterns of wildlife. Many animals,
such as mammals and birds, have specific
temperature thresholds beyond which their
activity  levels decrease to avoid
overheating. Heatwaves can disrupt their
normal activity patterns, leading to
reduced foraging and hunting success.
Habitat loss and fragmentation
Heatwaves can result in habitat loss and
fragmentation, particularly in ecosystems
that are already stressed by other factors
such as drought or human activities.
Extreme heat and drought can lead to the
drying up of water sources, reducing
available habitat for aquatic species and
those dependent on water bodies. Heat
stress can also affect plant communities,
altering food availability and habitat
structure for terrestrial species.

Changes in species distribution
Heatwaves can influence the distribution
of wildlife species, leading to shifts in
their range. Some species may move to
higher elevations or migrate to more
suitable habitats with more favorable
temperature conditions. This can result in
changes in species interactions,
competition, and potential conflicts with
other resident species.

Impact on reproductive success
Heatwaves can  negatively  impact
reproductive success in wildlife. Elevated
temperatures can disrupt breeding cycles,
affect reproductive physiology, and reduce
reproductive output. For example, heat
stress can lead to reduced fertility, nest

abandonment, and decreased hatching
success in birds and reptiles.

Increased susceptibility to diseases and
parasites

Heatwaves can weaken the immune
systems of wildlife, making them more
susceptible to diseases and parasites. Heat
stress can impair an animal's ability to
fight off infections and increase the
prevalence and severity of diseases. It can
also create favorable conditions for the
proliferation of parasites, such as ticks and
fleas.

Impact on migratory patterns
Heatwaves can influence the timing and
routes of animal migrations. Some species,
particularly birds and mammals, rely on
predictable temperature patterns to time
their migrations accurately. Changes in
temperature patterns due to heatwaves can

disrupt  these  migratory  behaviors,
affecting the availability of critical
resources and potentially impacting

population dynamics.

Adaptation strategies for Heatwaves
Adaptation strategies for the forestry
sector can help mitigate the impacts of
heatwaves on forests and promote their
resilience.

Diversify tree species

Diversifying tree species within forests can
increase their resilience to heatwaves.
Planting a variety of tree species that are
adapted to different temperature and
moisture conditions can help ensure that
some species are more likely to withstand
heat stress. This can also reduce the risk of
widespread tree mortality and maintain
ecosystem functionality.

Assisted migration and assisted gene
flow

Assisted migration involves the intentional
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movement of tree species or populations to
more suitable habitats in response to
changing climate conditions. Assisted gene
flow focuses on promoting the transfer of
genetic material between tree populations
to enhance the adaptive potential of
forests. These strategies can help facilitate
the establishment of tree populations that
are better adapted to future heatwave
conditions.

Forest management practices

Adaptive Forest management practices can
help mitigate the impacts of heatwaves.
This includes promoting sustainable
logging practices to maintain forest
structure and health, reducing forest
fragmentation to enhance connectivity and
resilience, and implementing silvicultural
techniques such as thinning and pruning to
reduce competition and promote the
growth of more resilient tree species.
Restoration and reforestation

Restoring and reforesting degraded areas
can enhance forest resilience to heatwaves.
Restoring native vegetation can help create
diverse and resilient ecosystems that are
better able to withstand extreme heat
events. Reforestation efforts can focus on
selecting tree species that are well-suited
to the local climate and consideringfuture
climate projections.

Water management

Implementing water management
strategies in forests can help alleviate the
impacts of heatwaves. This includes
improving  water retention  through
techniques like mulching, reestablishing
riparian  zones to maintain  water
availability, and managing water resources
to ensure sufficient moisture for tree
survival during drought periods.
Monitoring and research

Continued monitoring and research are
essential for understanding the specific
impacts of heatwaves on forests and
developing effective adaptation strategies.
Collecting data on forest health, tree
growth, and mortality rates can help
identify vulnerable areas and guide
targeted adaptation efforts. Research on
tree genetics, resilience mechanisms, and
the impacts of heat stress can inform the
development of more effective adaptation
strategies.

Collaboration and knowledge sharing
Collaboration among stakeholders,
including forest managers, researchers,
policymakers, and local communities, is
crucial for successful adaptation in the
forestry sector. Sharing knowledge,
experiences, and best practices can help
improve understanding, build capacity, and
foster collective action in response to
heatwave impacts.

Government Initiatives to Combat the
Heatwaves (World)

Great Green Wall

The Great Green Wall is an ambitious
initiative in Africa aimed at combating
desertification, land degradation, and
climate change by creating a mosaic of
green landscapes across the Sahel region.
It was launched in 2007 by the African
Union and the United Nations
Environment Programme (UNEP) and is
often referred to as the "Great Green Wall
of Africa." The primary goal of the Great
Green Wall is to restore and sustainably
manage land  resources,  promote
biodiversity, and improve the livelihoods
of communities in the Sahel region. The
Sahel spans across more than 20 countries
in northern Africa, including Senegal,
Mali, Niger, Chad, Sudan, and Ethiopia.
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Three-North Shelterbelt Project

The Bonn Challenge (2011)

The Bonn Challenge is a global effort
launched in 2011 to restore degraded and
deforested landscapes by bringing together

governments, organizations, and other
stakeholders to make commitments
towards forest landscape restoration
(FLR). The initiative was announced at a
ministerial ~ roundtable  during  the
International Year of Forests held in Bonn,
Germany.

The main objective of the Bonn Challenge
is to restore 350 million hectares of
degraded and deforested land by 2030.
This ambitious target was established to
address multiple environmental, social,
and economic challenges, including
biodiversity ~ loss,  climate  change
mitigation and adaptation, water resource
management, and rural development.
Forest Landscape Restoration, Brazil:
(2014)

This is the goal of the Brazil to restore 12
million hectares of degraded land in Brazil
by 2030. FLR in Brazil involves restoring
degraded forests, promoting sustainable
land use practices, and improving the
resilience of forest ecosystems. The
country has a diverse range of ecosystems,
including the Amazon rainforest, the
Atlantic Forest, and the Cerrado, all of
which have faced significant deforestation
and degradation.

Billion Trees plantation Programme
Pakistan's Billion Trees Afforestation
Project (BTAP), launched in 2014, is a
large-scale initiative aimed at addressing
deforestation, mitigating climate change,
and promoting sustainable land

management. The project's goal was to
plant one billion trees across the country
by 2018.

The Three-North Shelterbelt Project, also
known as the "Great Green Wall," is a
massive afforestation effort launched in
the early 1970s. The project aims to create
a protective forest belt in the northern part
of China, stretching across multiple
provinces, to combat desertification and
reduce sandstorms. It involves planting
trees, particularly drought-resistant
species, to stabilize sand dunes, prevent
soil erosion, and restore degraded land.
Government Initiatives to Combat the
Heatwaves (India)
India has implemented several
afforestation and reforestation programs to
combat deforestation, restore degraded
lands, and promote sustainable forest
management.
National Afforestation Program (NAP)
and Green India Mission (GIM)
e The National Afforestation
Program (NAP) was initiated in
2002, aiming to increase forest and
tree cover in the country.
e The Green India Mission (GIM)
was launched in 2014 as a part of

the National Action Plan on
Climate Change, with the goal of
increasing  forest cover and

improving ecosystem services.

e According to the India State of
Forest Report (ISFR) 2019, the
total forest and tree cover in India
increased by 3,976  square
kilometers (0.56%) between 2017
and 2019.

Compensatory  Afforestation  Fund
Management and Planning Authority
(CAMPA)

e The Compensatory Afforestation

Fund Management and Planning
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Authority (CAMPA) were
established to manage funds
collected for compensatory
afforestation and other related
activities.

e As of 2019, the CAMPA funds had
accumulated to around INR 66,000
crores (approximately USD 9.1
billion).

National Mission for a Green India
(GIM)

e The National Mission for a Green
India (GIM) is a component of the
National Action Plan on Climate
Change and focuses on
afforestation, reforestation, and
forest conservation.

e As of 2020, under the GIM, around
14.35 lakh hectares (approximately
3.54 million acres) of forest and
non-forest land have been targeted
for afforestation and ecosystem
restoration.

Government Initiatives to Combat the
Heatwaves (Telangana)

Telangana, a state in southern India, has
implemented several afforestation
programs to increase forest cover, combat
deforestation, restore degraded lands, and
promote sustainable land management.
Telangana Ku Haritha Haram

e Telangana Ku Haritha Haram
(TKHH) is a flagship afforestation
program launched in 2015 with the
goal of increasing the green cover
in the state.

e The program aims to plant 230
crore (2.3 billion) tree saplings
across the state, covering both
forest areas and non-forest lands.

e It focuses on restoring degraded
forests, rejuvenating watersheds,

promoting urban forestry, and
creating green spaces in rural and
urban areas.

e Telangana Ku Haritha Haram has
been implemented through various
government departments, involving
the participation of communities,
NGOs, educational institutions, and
other stakeholders.

Telangana Forest Department

Initiatives
e The Telangana Forest Department
has implemented various

afforestation initiatives, including
the "Vana Mahotsav" tree planting
festival.

e The department conducts massive
tree plantation drives, awareness
campaigns, and community
engagement programs to promote
afforestation and conservation.

e It also focuses on ecological
restoration, habitat improvement,
and  biodiversity  conservation
through active management of
protected areas, wildlife
sanctuaries, and national parks.

1. Compensatory Afforestation:

e Telangana actively participates in
the Compensatory Afforestation
Fund Management and Planning
Authority  (CAMPA)  program,
which aims to utilize funds
collected for compensatory
afforestation.

e The funds are wutilized for
afforestation activities, ecological
restoration, and  conservation
initiatives, with a focus on
compensating for forest land
diversion for development projects.

Conclusion
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Heatwaves are a growing concern in the
context of climate change. They have
wide-ranging impacts on human health,
ecosystems, and the economy. Urgent
global action is needed to address the root
causes of climate change and to implement
effective measures to mitigate and adapt to
the increasing frequency and intensity of
heatwaves.
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An insight into the timber trees of Telangana
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Introduction

Telangana has a total area of 1, 12, 077 sq.
km, or 3.41% of the country's total area.
According to Champion and Seth, the
state's forests can be classified as dry teak
forest, southern dry mixed deciduous
forest, dry deciduous scrub, dry Savannah
forest, Hardwickia forest, dry bamboo
brakes, and southern thorn forest. In
accordance with the ISFR 2021, there are
21,213.98 sq. km of total forest land, of
which 1,623.90 sqg. km are very dense
forest (VDF), 9118.68 sqg. km are
moderately dense forest (MDF), and
10,471.40 sqg. km are open forest (OF).

The top-storey of the forests is mainly
comprised of various timber species such
as Tectona grandis, Terminalia alata,
Holarrhena pubescens, Lagerstroemia
parviflora, Anogeissus latifolia, Diospyros
melanoxylon, Xylia xylocarpa,
Chloroxylon swietenia, Lannea
coromandelica, and Miliusa tomentosa, as
well as multi-use species such as Madhuca
longifolia  var. latifolia and D.
melanoxylon and ecologically valuable
open canopy. In this manuscript, we are
giving an insight into the major timber
trees of Telangana.

Tectona grandis (Common Name:
Teeku, Family: Lamiaceae)

Distribution in Telangana: Nizamabad,
Rangareddy, Karimnagar, Jagital,
Adilabad, Nirmal

Silvicultural Characteristics

Bengaluru

Warm, tropical temperatures, alluvial soils
with a pH range of 6.5 to 7.5, and
moderate precipitation levels are ideal for
the growth of teak. It is a species that
needs light and may be found anywhere
from the seashore to an elevation of about
1200 m, with an average annual rainfall of
800-2500 mm (Troup, 1975)

Wood properties

Heartwood ranges in colour from yellow-
brown to dark golden-brown, is evenly
grained, medium-lustrous, and has greyish
or white sapwood. It has a high level of
durability, a moderate amount of hardness
and weight, and little stiffness. Also, the
wood has excellent dimensional stability,
steam bending, and moderate bending
strength.

Utilization

Farming tools, furniture, house
construction, boat building, walking sticks,
veneer, carvings, and indoor furnishings.
Dalbergia latifolia (Common Name:
Rosewood, Family: Fabaceae)
Distribution in Telangana

Rangareddy, Nizamabad

Silvicultural Characteristics

It uses a modest amount of light, is aided
by overhead lighting, and stands in some
shadow during the early stages of
development. It is prone to developing
crooked and branchy if planted in an area
with too much open space. Although the
tree is certainly drought-resistant, drought
harms seedlings. The seedlings and
saplings will be quickly browsed by cattle
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and goats, but in areas with a lot of weeds,
gentle grazing may help the plants grow.
The tree can grow well in deep, moist, and
well-drained soils, but it cannot resist
shallow, dry soils. It can also grow well in
poor, dry soils.

Wood properties

Heartwood comes in a variety of colours,
including light golden brown, light purple
with dark streaks, and deep purple with
thin black lines. Heartwood weighs
roughly 850 kilogrammes per cubic metre
and darkens with age. The high hardwood
lacks any noticeable yearly rings.
Utilization

Wood is used for a variety of things,
including furniture, plywood, veneer,
decorative items, building materials, and
musical instruments.

Dalbergia sissoo (Common Name:
Sissam, Family: Fabaceae)

Distribution in Telangana

Nizamabad, Rajanna-Sircilla, Nalgonda,
Rangareddy, Mahbubnagar, Karimnagar,
Sangareddy and Medak.

Silvicultural Characteristics

Typically a strong, frost-resistant species,
the leaves are severely impacted by the
cold, but the tree is not substantially
harmed. Although it is fairly hardy in its
natural state, irrigated plantations suffer
badly if the water supply is cut off for any
length of time. Not fire-resistant, but it is a
good coppicer.

Wood properties

The heartwood, which is golden brown to
deep brown with darker streaks, is firmly
separated from the sapwood, which is pale
yellow or greyish white. It has a medium-
coarse texture, a straight to interlocked
grain, and a hard and heavy composition
(sp. gr. 0.63-0.83 air-dry).

Utilization
Boatbuilding, Furniture, Flooring, Music

Instruments (Percussion), Veneer,
Plywood, and Turned Objects

Mangifera indica (Common Name:
Mamidi, Family: Anacardiaceae)
Distribution in Telangana

Nizamabad, Adilabad, Warangal,
Mahabubnagar, Hanumankonda, Jagital,

Normal, Peddapalli, Medak, Kamareddy.
Silvicultural Characteristics

A shade bearer tree that can resist
occasional frosts but is susceptible to
extreme droughts and frosts

Wood properties

Mango wood has a golden to light brown
appearance. Although it is a type of
hardwood, its flexibility makes it perfect
for crafts. It has a medium to gritty texture
and a fine, thick grain.

Utilization

Building materials for homes, flooring,
paneling, veneer, plywood, turned objects,
furniture and kitchen utensils

5. Gmelina arborea (Common Name:
Gummidi teku, Family: Lamiaceae)
Distributionin Telangana

Rangareddy

Silvicultural Characteristics

A species that prefers light and can
withstand more shade than teak. It
possesses a strong ability to recover from
frost damage, is moderately cold-hardy,
and does not endure prolonged drought. It
coppices well, but no root suckers were
seen. Deer quickly browse saplings, which
causes significant damage to early
plantations. When there is a lack of forage,
cattle will often browse young vegetation.
Wood properties

It is a strong, ever-grained, soft-light,
yellowish or greyish white wood that
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seasons well without warping or breaking.
It is also very good for paneling, carriages,
furniture, boxes, and all types of
woodwork. Even for plywood and match
producers, it has been deemed to be quite
good.

Utilization

Furniture, building and structural work,
general carpentry, packaging, carvings,
utility furniture, decorative veneers with
exceptional woodworking qualities, light
flooring for musical instruments, matches,
particle board, etc.

Givotia rottleriformes (Common Name:
Poniki, Family: Euphorbaceae)
Distributionin Telangana

J g e
Fig 1. Tectona grandis tree

(Source: https://greencleanguide.com)

Ll o - s
Fig 2. Tectona grandis timber

(Source: https://www.exportersindia.com)

Adilabad

Silvicultural Characteristics

It is a small to medium-sized tree and
generally grows in rocky areas.
Information on the silviculture
characteristics of this species is not widely
available.

Wood properties

The white wood of the tree is exceedingly
light, soft, even-grained, and durable. It is
also used in carving figures, toys, and
fancy items.

Utilization

Wood is used for toy-making. In coastal
areas, the wood was used to make
catamarans.
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Table No 1. Potential timber trees from Telangana

Sl Species name Common Family Timber utilility

No Name

1. Haldina Rudraganapu | Rubiaceae Timber is ideal for flooring,
cordifolia panelling, and train cars and is

mostly utilised for structural
work. In addition, it is utilised in
the manufacture of rulers,
window  frames, furniture,
bobbins, and piano keys.

It also use for pencil making

industry
1. Mitragyna Battaganapu | Rubiaceae Used for making furniture,
parvifolia agricultural implements,

cooperages, paper industry, etc.

2. Hardwickia Naravepu Fabaceae Dwajasthambhams and
binata hardwood use, used for lumber,
fuel wood, fibire, charcoal
making, furniture, and the
capability to conserve soil and
water, rope making, beams,
bridges, engineering structures,
exterior fitting, fences, floaring,
for heavy construction, for light
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construction, hydraulic works

Diospyros
melanoxylon

Tuniki

Ebenaceae

Furniture and wooden vessels,
used for building, shoulder poles,
mine props and shafts of
carriages. Wood of this tree is
also utilized for making boxes,
combs, ploughs and beams. It is
also reported to be good fuel
wood

Sterculia urens

Tapsi

Malvaceae

Furniture and softwood uses,
Leather and allied products,
paper and pulp industries

Terminalia
elliptica

Nalla maddi

Combretaceae

Agricultural
Furniture,
Walking
sticks,cabinetwork, joinery,
paneling, specialty items, boat-
building, railroad  cross-ties
(treated), decorative veneers and
for musical instruments

Implements,
House Construction,

Terminalia
arjuna

Tella maddi

Combretaceae

Agricultural Implements,
Furniture, House Construction,
used mostly locally for general
carpentry and for making farm
implements. Timber is locally
used for carts, agricultural
implements, water troughs, traps,
boat building, house building,
electric poles, tool-handles and
jetty-piles. It also provides
satisfactory rayon-grade pulp in
mixture with other woods

Tamarindus
indica

Chinta

Caesalpinaceae

Furniture , paneling and
decorative mouldings, carvings,
household objects, turned objects

Albizia lebbeck

Dirisana

Mimosaceae

House Construction, Packing
Cages, Furniture, veneer, turned
objects, carving, and other small
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specialty wood items.

0. Albizia amara Narlangi Mimosaceae House Construction, Walking
sticks, Furniture making,
Agricultural  implements  and
construction

10. | Acacia chundra | Sundra Mimosaceae Agricultural Implements,

Furniture, House Construction,
Walking sticks, rice pounders
and as fuel wood.

11. | Lannea Dumpidi Anacardiaceae | Agricultural Implements, House
coromandelica Construction, Walking sticks,
plywood making
12. | Azadirachta Vepa Meliaceae Agricultural Implements,
indica Cabinetry,  Furniture, House
Construction, Packing Cages,
used as fuel, charcoal making
13. | Melia TurkaVepa Meliaceae Agricultural Implements,
azedarach Furniture, House construction,
Walking sticks, plywood, boxes,
poles, tool handles, cabinet
making
References Troup, R.S., 1921.The silviculture of

Dinesh, V. and Sharma, P.P., 2012.
Timber vyielding plants and their
utilities in Nizamabad district of
Andhra Pradesh. Journal of
Phytology, 4 (4), pp.17-20.

India State of Forest Report, 2021. Forest
Survey of India, Ministry of
Environment, Forest & Climate
Change, Government of India
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Global warming and climate change: A looming crisis for
humanity

Saikat Banerjee and Avinash Jain

Forest Ecology and Climate Change Division

ICFRE-Tropical Forest Research Institute
(Indian Council of Forestry Research & Education, Ministry of Environment, Forests and Climate Change, Govt. of India)

Jabalpur-482021, Madhya Pradesh

Introduction

Global warming and climate change have
emerged as one of the most pressing
challenges facing humanity in the 21st
century. The Earth's climate is rapidly
changing due to the accumulation of
greenhouse gases in the atmosphere,
primarily from human activities. This
article delves into the profound impacts of
global warming and climate change on
humans, highlighting the urgency of
addressing this crisis.

Understanding global warming and
climate change

Global warming refers to the long-term
increase in Earth's average surface
temperature, primarily caused by the
release of greenhouse gases like carbon
dioxide (CO2), methane (CH4), and
nitrous oxide (N20) into the atmosphere.
These gases trap heat from the sun,
creating a "greenhouse effect” that leads to
a rise in global temperatures. Climate
change, on the other hand, encompasses
broader shifts in climate patterns,
including temperature extremes, altered
precipitation, and more frequent and
severe weather events, all attributed to
global warming.

Human activities driving climate change
Human activities are the primary drivers of
global warming and climate change. The
burning of fossil fuels (coal, oil, and
natural gas) for energy production and

& Iy,

transportation releases significant amounts
of CO2 into the atmosphere. Deforestation,
another human activity, reduces the
planet's capacity to absorb CO2,
contributing to the problem. Additionally,
industrial processes, agriculture, and land-
use changes release methane and nitrous
oxide, exacerbating the greenhouse effect.
Impacts on humans

1. Rising Temperatures: The most
immediate and evident impact of
global warming is  rising
temperatures. Extreme heat waves
become more frequent, posing
serious health risks, especially to
vulnerable populations like the
elderly and children.  High
temperatures can also damage
crops, leading to food shortages.

2. More Frequent and Severe
Weather Events: Climate change
is responsible for an increase in
the frequency and intensity of
extreme weather events such as
hurricanes, droughts, floods, and
wildfires. These disasters cause
loss of life, destruction of
infrastructure, and  economic
turmoil.

3.  Food and Water Security: Altered
precipitation patterns and
increased temperatures disrupt
agriculture. Crop vyields decline,
and water scarcity becomes more
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widespread, threatening food and
water security. This can lead to
conflicts over resources.

4. Health Impacts: Climate change
affects human health in various
ways. The spread of diseases like
malaria and dengue fever expands
into new regions as warming
temperatures create favorable
conditions for disease vectors. Air
pollution worsens as higher
temperatures exacerbate smog
formation, leading to respiratory
problems.

5. Displacement and Migration:
Rising sea levels and extreme
weather events force people to
flee their homes. Climate-induced
migration poses social and
political challenges, potentially
leading to conflicts and refugee
crises.

6. Economic Consequences: The
economic toll of climate change is
substantial. The costs associated
with disaster recovery, healthcare,
and lost productivity due to
extreme weather events and
health issues run into trillions of
dollars.

7. Biodiversity  Loss:  Climate
change threatens biodiversity as
many species struggle to adapt to
changing conditions or face
extinction.  This  loss  has
cascading effects on ecosystems,
including those that humans rely
on for food and resources.

Mitigating climate change

Addressing global warming and climate
change requires immediate and concerted
efforts on multiple fronts:

1. Reducing Greenhouse Gas
Emissions: Transitioning to
renewable energy sources,
improving energy efficiency, and
implementing  carbon  pricing
mechanisms are essential to
reducing emissions.

2. Reforestation and Sustainable Land
Use: Protecting and restoring
forests, as well as adopting
sustainable land-use practices, can
help sequester carbon and mitigate
climate change.

3. International Cooperation: Climate
change is a global issue that
demands international cooperation.
Agreements  like the  Paris
Agreement aim to unite nations in
their efforts to limit global
temperature rise.

4. Adaptation and Resilience:
Building resilient infrastructure and
communities that can withstand the
impacts of climate change is
crucial. This includes improving
disaster preparedness and response.

5. Sustainable Agriculture: Promoting
sustainable farming practices can
reduce emissions from agriculture
and enhance food security.

Conclusion

Global warming and climate change are
not distant threats but pressing challenges
that affect the lives of people around the
world today. The impacts on human
health, ecosystems, economies, and
security are profound and require
immediate action. It is imperative that
governments, businesses, and individuals
work together to mitigate greenhouse gas
emissions, adapt to changing conditions,
and transition to a more sustainable and
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resilient future. The choices made in the
coming years will determine the fate of our

planet and the well-being of future
generations.
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Isabgol: an important medicinal plant
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Introduction

Recent years have seen a major spurt in
the demand for medicinal plants in the
country and for their export. More and
more farmers are entering this most
potential sector. The National Centre for
Medicinal and Aromatic Plants
(NRCMAP), Anand has developed
packages and practices for the cultivation
of Isabgol.

Isabgol (Plantago ovata Forsk.) is an
important medicinal crop grown during the
rabi season mainly in Gujrat, Madhya
Pradesh and Rajasthan. The seed coat
known as husk has medicinal properties
and is used against constipation, irritation,
of the digestive tract etc. it is also used in
food industries for the preparation of ice
cream, candy, biscuits etc. at present, India
is the sole exporter of the Isabgol husk and
seed to the international market.

Common names

Ishagola, Isabghul, Spogel seed, Ispaghal,
Psyllium seed, Flea seed, Plantain seed,
Isabgol and Ishabgul Spogel seed.

Origin and distribution

Isabgol (Plantago ovata Forsk.)
belonging to the family Plantaginaceae has
good export potential and can be exploited
commercially. It is indigenous to the
Mediterranean region and West Asia. It
has been introduced in India & Cultivated,
especially in Gujarat and some parts of
Rajasthan. It is also found in Punjab plains
and low hills from Sutlej westwards, Sindh

and Baluchistan. The area under
cultivation is estimated about 50,000 ha
with a production of 48,000 tonnes of
seeds. Psyllium is the common name used
for several members of the plant
genus Plantago whose seeds are used
commercially for the production of
mucilage. The genus Plantago contains
over 200 species. P. ovata and P.
psyllium are produced commercially in
several European countries, the former

Soviet Union, Pakistan, and
India. Plantago seed known
commercially as black, French or Spanish
psyllium is obtained from P.
psyllium and P. arenaria.

Parts used

Husk from spikes and seeds.

Active principle

Protein, polysaccharides, cellulose, pectin,
oil and muscilage.

Uses

The husk is used as a single drug for the
cure of constipation and dysentery. The
drug is used in inflammatory conditions of
the mucous membrane of gastrointestinal
and genitourinary tracts and against
irritation. It is also used as a demulcent,
cooling and diuretic.

Species

1. Spanish or French  Psyllium
seed: Plantago psyrium Linn, or of
Plantago indica Linn. (P.
arenaric Wald.)
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2.  Blonde  Psyllium or Indian
Plantago: Plantago ovata Fork

Varieties

RI-87, RI-89, AMB-2, GI-1, GI-2, MI-4,
MIB-121, HI-34, HI-2, HI-1, HI-5, JI-4,
NIHARIKA. Gujarat lIsabgol-1, variety
yields 800-900 kg of seeds per hectare.
The new variety 'Gujarat Isabgol-2' has the
potential to yield 1,000 kg of seeds per
hectare.

Soil

It is an irrigated crop, which grows well on
light soils; soil with poor drainage is not
conducive to good growth of this crop. A
silty-loam soil having a soil pH of 4.7 to
7.7 with high nitrogen and low moisture
content is ideal for the growth of plants
and the high yield of seeds.

Climate

Isabgol thrives well in warm-temperate
regions. It requires cool and dry weather &
IS sown during winter months. Sowing
during the first week of November gives
the best yields. Early sowing makes the
crop vulnerable to downy mildew disease,
whereas late sowing provides a lesser
period of growth in winter along with the
possibility of shattering of seed due to
summer rains in April-May. At maturity, if
the weather is humid, its seeds shatter
resulting reduction in yield. Heavy dew or
even a light shower will proportionately
decrease the yield, at times leading to even
total loss of the crop.

Propagation

Through Seeds

Land preparation and planting

The field must be free of weeds and clods.
The number of ploughings, harrowing and
hoeing depend upon the soil conditions,
previous crop and degree of weed
infestation. About 10-15 tonnes of FYM

per hectare is mixed into the soil at the
time of the last ploughing. The field
should be divided into suitable plots of
convenient size depending upon the soil’s
texture, the field’s slope and the quantum
of irrigation. For light soil with an even
contour, a plot size of 8.0 m x 3.0 m will
be convenient.

To obtain a high percentage of
germination, seeds should be taken from
the crop harvested at the end of the
preceding crop season. Old seeds tend to
lose viability under ordinary storage
conditions. Seed at the rate of 4-8 kg per
hectare is sown after treating it with any
mercurial seed-dresser at the rate of 3 g/kg
of seed, to protect the seedlings from the
possible attack of damping off. The seeds
are small and light. Hence before sowing,
the seed is mixed with a sufficient quantity
of fine sand or sieved farmyard manure.
The seeds are broadcasted because sowing
in lines at different spacing does not
increase the seed yield. After broadcasting,
seeds are swept lightly with a broom to
cover them with some soil. Broom,
however, should be swept in one direction
only, to avoid deep burial of the seed for
uniform germination. The sowing should
immediately be followed by irrigation.
Germination begins four days after
sowing. If delayed, it should be stimulated
by another watering.

Sowing time

Early sowing increases vegetative growth
while late sowing reduces total growth and
increases the risk of seed shattering due to
pre-monsoon rains towards maturity. The
ideal sowing time is the second fortnight
of November. Drastic vyield loss is
encountered when sowing is delayed
beyond the first fortnight of December.

) © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India

34



Van Sangyan (ISSN 2395 - 468X)

Vol. 11, No. 1,

Issue: January 2024

Manures and fertilizers

The medicinal plants have to be grown
without chemical fertilizers and the use of
pesticides. Organic manures like, Farm
Yard Manure (FYM), Vermi-Compost,
Green Manure etc. may be used as per the
requirement of the species.

The crop requires a very low level of
Nitrogen. Hence inorganic Nitrogen
should only be applied if the available
Nitrogen in the soil is less than 120 kg/ha.
In general, the application of 20-30 kg/ha
Nitrogen and 15-25 kg/ha Phosphorous is
optimum. Half of the Nitrogen and a full
dose of Phosphorous should be applied
with the last ploughing and the remaining
half of the Nitrogen should be top-dressed
at 40 days after sowing.

Irrigation

Immediately after sowing, light irrigation
is essential. First irrigation should be given
with a light flow or shower of water
otherwise, with the fast current of water
most of the seeds will be swept to one side
of the plot and the germination and
distribution will not be uniform. The seeds
germinate in 6-7 days. If the germination
is poor, second irrigation should be given.
Later on, irrigations are given as and when
required. Last irrigation should be given at
the time when a maximum number of
spikes shoots up. The crop requires a total
of 6-7 irrigations for its good productivity
in medium sandy soils.

Weeding
Periodical
required.

Intercultural operation

Two hand weedings are generally required
within  two months of sowing, first
weeding should be undertaken 20-25 days
after sowing.

weeding and hoeing are

Plant protection

To prevent diseases, bio-pesticides could
be prepared (either single or mixture)
from Neem (kernel, seeds & leaves),
Chitrakmool, Dhatura, Cow's urine etc.
Disease and insect-pest management
Downy mildew is the major disease of
Isabgol. Adoption of more than the
recommended dose of nitrogen, seed rate
and irrigation makes the crop more
susceptible to this disease. The disease can
effectively be controlled by seed treatment
with Metalaxyl 0.2% (Ridomil MZ) on
the first occurrence of disease, followed by
two sprayings at 12-14 days intervals.
Effective  disease = management can
increase seed yield by more than 40% over
the untreated crop. However, spraying of
fungicides and insecticides must be
stopped at least 45 days before harvesting
to avoid pesticide residue problems in the
produces.

Aphid is the major insect pest of this crop.
Aphids generally appear 50-60 days after
sowing. Two sprayings of 0.01%
Imidacloprid at an interval of 12-15 days
can effectively check the pest. The first
spray should generally be done during the
first fortnight of February, as it increases
seed yield by nearly 40% over unsprayed
crops. The crop takes 110-120 days to
mature. At maturity (by March-April) the
leaves become yellowish and spikes turn
brownish. To avoid seed loss by
shattering, slightly unripe spikes should be
harvested, if there is a possibility of
unseasonal rain. However, the husk quality
of such a crop deteriorated.

Harvest

Blooming begins two months after sowing
and the crop becomes ready for harvest in
February-March  (110-130 days after
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sowing). When mature, the crop turns
yellowish and the spikes turn brownish.
The seeds are shed when the spikes are
pressed even slightly. At the time of
harvest, the atmosphere must be dry and
there should be no moisture on the plant,
harvesting will lead to considerable seed
shattering. Hence, the crop should be
harvested after 10 am.

Yield

Seed: 900-1500 kg/ha, Husk: 225-375
kg/ha

Post-harvest technology

Harvested plants spread over and after 2
days  they are threshed with
tractor/bullocks. Pinkish-type husks are
removed from the seed coat by processing
through a series of grinding in mills to
separate the husk.
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Introduction

Biodiversity is a term used to describe the
enormous variety of life on Earth. It can be
used more specifically to refer to all of
the species in one region or ecosystem.
However, only around 1.2
million species have been identified and
described so far, most of which are insects.
At least 40,000 different plant species live

in the Amazon rainforest of  South
America, one of the most biologically
diverse regions on the planet. Scientists
have identified about 1.75 million different
species. That includes 13,20,000 Animal
species, 2,70,000 species of plants, 80000
species of Protoctists (Algae, Protozoa),
70000 species of Fungi and 4,000 species
of Bacteria (WCMC, 2000)

Global Status of Biodiversity

S.No Kingdom No of species

1 Bacteria 4000

2 Protoctists (Algae, Protozoa) 80,000

3 Animals 13,20,000

4 Fungi 70,000

5 Plants 2,70,000
Total 17,44,000

(https://www.unep-wcmc.org/en)

Global Biodiversity

15%9
%

m Bacteria ® Protoctists (Algae, Protozoa) ® Animals = Fungi = Plants
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This is only a small portion of the total
number of species on Earth. There are
million more species yet to be discovered
and named. Extinction is a natural process;

Threatened species-India

some species naturally die out while new
species evolve. But human activity has
changed the natural processes of extinction
and evolution (WIIENVIS, 2022).

S.No Taxonomic category No. of species
1 Mammals 99
2 Birds 91
3 Reptiles 106
4 Amphibians 83
5 Fishes 292
6 Molluscs 7
7 Other invertebrates 135
8 Plants 539
9 Fungi 4
Total 1356
(IUCN, 2022)

According to data given IUCN (2022)
almost 28% (>42000) species are under
threatened category in which cycads
occupied top position in declining race
followed by amphibians. Among the
global threatened species India occupies
3.22% (1356) species. These species need
to be conserved or else they may extinct
from the world, as a goal of conserving
threatened species a scheme named as
Species Recovery Programme started. It is
a conservation programme meant for
providing support to protected areas by
protection of wildlife outside protected
areas and recovery programmes for saving
Threatened species and habitats
(MoEF&CC). Recovery is the process by
which the decline of a threatened species is

arrested or reversed and threats removed
so that its survival in the wild can be
ensured. In global level Recovery
programme started by enacting the
endangered species act 1973 in USA. In
India it was initiated by Ministry of
Environment and Forest as a scheme of
'‘Assistance for the Development of
National Parks and Sanctuaries’ was
reformulated and renamed as 'Integrated
Development of Wildlife Habitats
(IDWH)" during the 11th Plan period
(2007-2012).

There has always been special concern
about  extinction  because of its
irreversibility, and the loss of a species
will entail loss of unique elements or
combinations of diversity at gene and
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organism level. In this regard, the fossil
record demonstrates two important facts.
Firstlythat, although relative rates have
varied greatly, over geological time as a
whole there has been a net excess of
species  originations  over  species
extinctions  (i.e.,  biodiversity  has
increased). Secondly, that virtually all the

species that have ever existed are now
extinct, and the extinction of every species
is a natural and expected event. Self-
evidently there must always have been
species at risk of extinction, i.e.,
“threatened species” (Turnhout and Purvis,
2020).
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Global Red list Index (IUCN, 2022)

The Red List Index (RLI) of species
survival for mammals, birds, amphibians,
reef-forming corals and cycads. The blue
line indicates the overall RLI for all the
taxa combined. Coral species are moving
towards increased extinction risk most
rapidly, while amphibians are, on average,
the most threatened animal group. An RLI
value of 1.0 equates to all species
qualifying as Least Concern. An RLI value
of 0 equates to all species having gone
Extinct. A constant RLI value over time
indicates that the overall extinction risk for
the group is unchanged. If the rate of
biodiversity loss were reducing, the RLI

would show an upward trend. Confidence
intervals (shown in grey) are calculated to
consider number of Data Deficient species
in each group and the uncertainty over
exactly when changes in status occurred,
given that assessments are repeated only at
multi-year intervals, and therefore the
precise value for any particular year is
uncertain. Currently, the RLI is available
for five taxonomic groups only (those in
which all species have been assessed at
least twice): birds, mammals, amphibians,
cycads and warm-water reef-forming
corals. It has also been aggregated into a
single index for those five groups. The
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RLI clearly demonstrates that the status of
these major groups is still declining.
Threatened species criteria

The definitions of the three threatened
categories (vulnerable, endangered, and
critically endangered) are based on five
criteria:  population  reduction  rate,
geographic  range, population  size,

square miles). A critically endangered
species’ area of occupancy is estimated to
be less than 10 square kilometers (4 square
miles).

c) Population size: A species is classified
as critically endangered when there are
fewer than 250 mature individuals. A
species is also classified as critically

®
— R )

Threatened categories

e 1
| _ |

Adequate data | Endangered (EN) ‘ Extinction
\

‘ risk

Evaluated | | *=——————————

Near Threatened (NT)

All species L Least Concern (LC) e)
—> — - -

Data Deficient (DD)

—————— Not Evaluated (NE) |

population restrictions, and probability of
extinction(ITUCN, 1994).

1. Critically Endangered

a) Population reduction rate: A critically
endangered species’ population has
declined between 80 and 90 percent. This
decline is measured over 10 years or three
generations of the species, whichever is
longer. A species is classified as critically
endangered when its population has
declined at least 90 percent and the cause
of the decline is known. A species is also
classified as endangered when its
population has declined at least 80 percent
and the cause of the decline is not known.
b) Geographic range: A critically
endangered species’ extent of occurrence
is less than 100 square kilometers (39

CRITERIA THREATENED

A Population CATEGOR|ES
reduction
B Restricted

s
JRoanC g Critcally Endangered (CR)

C Small population Numerical
size & decline thresholds

D Very small or Vulnerable (VU)
restricted
population
E Extinction

probability analysis

endangered when the number of mature
individuals declines by at least 25 percent
within three years or one generation,
whichever is longer.

2. Endangered

a) Population reduction rate: A species
is classified as endangered when its
population has declined between 50 and 70
percent. This decline is measured over 10
years or three generations of the species,
whichever is longer. A species is classified
as endangered when its population has
declined at least 70 percent and the cause
of the decline is known. A species is also
classified as endangered when its
population has declined at least 50 percent
and the cause of the decline is not known.
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b) Geographic range: An endangered
species’ extent of occurrence is less than
5,000 square kilometers (1,930 square
miles). An endangered species’ area of
occupancy is less than 500 square
kilometers (193 square miles).

c) Population size: A species is classified
as endangered when there are fewer than
2,500 mature individuals. When a species
population declines by at least 20 percent
within five years or two generations, it is
also classified as endangered

3. Vulnerable

1) Population reduction rate: A species
is classified as vulnerable if its population
has declined between 30 and 50 percent.
This decline is measured over 10 years or
three generations of the species. A species
is also classified as wvulnerable if its
population has declined at least 30 percent
and the cause of the decline is not known.
A new, unknown virus, for example, could
kill hundreds or even thousands of
individuals before being identified.

2) Geographic range: A species is
vulnerable if its “extent of occurrence” is
estimated to be less than 20,000 square
kilometers (7,722 square miles). An extent
of occurrence is the smallest area that
could contain all sites of a species’
population. If all members of a species
could survive in a single area, the size of
that area is the species’ extent of
occurrence. A species is also classified as
vulnerable if its “area of occupancy” is
estimated to be less than 2,000 square
kilometers (772 square miles). An area of
occupancy is where a specific population
of that species resides. This area is often a
breeding or nesting site in a species range.

3) Population size: Species with fewer
than 10,000 mature individuals are

vulnerable. The, we use our own and third-
party cookies to enhance your experience.
Species is also vulnerable if that
population declines by at least 10 percent
within 10 years or three generations,
whichever is longer.

Species recovery plan

The country's flagship and charismatic
species face a variety of threats, ranging
from habitat destruction and illegal
wildlife trade to reduction in forest cover
outside protected areas. Significant
populations of these species exist outside
Protected Areas moving for dispersal from
their natal habitats or for seasonal
migrations. The erstwhile Ministry of
Environment and Forest scheme of
'‘Assistance for the Development of
National Parks and Sanctuaries’ was
reformulated and renamed as 'Integrated
Development of Wildlife  Habitats
(IDWH)" during the 11th Plan period
(2007-2012).

The MOEF&CC, in consultation with
Wildlife Institute of India and other
scientific  institutions/  organizations,
identified 16 terrestrial and 6 aquatic
species with the objective of saving
critically endangered species/ecosystems
that to ensure their protection outside
Protected Areas, across the wider
landscape/seascape. Species Recovery
Plans were prepared for several of these
species. The Lion (Panthera leopersica)
and Rhinoceros (Rhinoceros unicornis)
populations are showing an increasing
trend, and the Sangai (Rucervuseldiieldii)
and Hangul (Cervus elaphushanglu)
populations are stable; but the populations
of  the Great Indian bustard
(Ardeotisnigriceps) and the Nicobar
megapode (Megapodius nicobariensis)
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have  recorded  declines.  Vulture (d) Highly  traded: Such as
populations, in particular Gyps Rawolfiaserpentina
bengalensis, that had declined In case of plant species for example, out of
substantially in recent times have the 387 Red-listed plants of India, 77

registered a small upward trend, indicating
that conservation measures taken for the
species are showing a positive outcome.
Efforts are underway for developing
protocols for monitoring the status and
trends of the remaining IDWH species
(WIHIENVIS, 2022).
What are the
recovery?

An important first step in addressing the
recovery of critically endangered species
has often been to recognize which of them
need to be recovered, as the list seems to
be enormous. Considering the time and
resources, one needs to make a judicious
decision of identifying the species that
need to be recovered.

For many of critically endangered species,
critical information is lacking on the type
and extent of threat and to what extent
habitat alteration influences their decline.
However, for the conservation and
recovery of RET species, collating data on
the population size and identifying specific
threats and  developing  mitigating
strategies could be attempted. Specifically,
species recovery programmes could be
targeted at

(@) Globally threatened:priority to
species with small population size,
showing decreasing natural population,
with intrinsic reproductive problems and
high economic value/highly harvested)

(b) Precarious habitats: such as
Myristica swamps, riverine species

(©) Species  with reproductive
constraints and population decline: such
as Bruguierasexangula

species that need

species are assigned as critically
endangered species, 6 are extinct and two
species are extinct in the wild. These 77
species could be taken up for recovery on
a priority basis, following which the next
172 species, which are characterized as
endangered, could be considered. In other
words, a systematic species recovery needs
to be carried out to restore the populations
of these species (Ravikanthet al., 2018).
Approaches to the species recovery
programme

A variety of methods can be used to
recover critically endangered species, such
as protective measures to prevent
extinction or further decline, consultation
to avoid adverse impacts, habitat
acquisition and restoration, and other on-
the-ground activities for managing and
monitoring endangered and threatened
species. Recovery of the critically
endangered species could be done at the
landscape level, species level or
population level.

I. Landscape/habitat/community level
Considering that habitat loss and over-
harvesting have been the primary cause of
species  endangerment, a  central
component of species recovery has been to
establish a network of conservation areas
and reserves that represent all the pertinent
terrestrial and riparian natural
communities. In India, there are about 103
national parks and 531 wildlife sanctuaries
covering 4.8% of land area. The country
also has 18 biosphere reserves, besides a
number of tiger and elephant reserves and
25 Ramsar wetland sites. However, critics
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claim that the protected areas cannot serve
as effective means of conservation,
because often these forests are vulnerable
to anthropogenic pressures or have been
subjected to intensive harvest pressures.
The World Bank/World Wildlife Fund
(WWEF) Alliance has shown that less than
one quarter of declared national parks,
wildlife refuges and other protected areas
in 10 key forested countries is well
managed, and many have no management
at all. In other words, only 1% of the
protected land area is secured from serious
threats such as human settlement,
agriculture, logging, hunting, mining,
pollution, war and tourism, among other
pressures. In India, 65% of these protected
areas is inhabited by the indigenous
communitiesl5.  However,  officially
designated conservation areas have been
effective in reducing forest clearance and,
to a lesser degree, effective at mitigating
logging, hunting, fire and grazing.
Establishing smaller specialty reserves is
also necessary for the conservation of
specific taxa. Moreover, recovery of
certain species with highly restricted
geographic ranges or specialized habitat
requirements needs

special management. For example, in
South India, the Foundation for
Revitalization of Local Health Traditions
(FRLHT), Bengaluru has specifically
identified in situ conservation areas for the
conservation of endangered medicinal
plant species (medicinal plant conservation
areas; MPCAs). The Athanasian Lion-
tailed Macaque Conservation Reserve,
Gibbon  Sanctuary, Sessa  Orchid
Sanctuary, etc. have been established to
preserve specific taxa. However, till date
no specific protected area has been

established in India to protect a single
endangered plant species, except for the
species groups such as the Varey
Rhododendron Sanctuary in Sikkim or the
Sessa Orchid Sanctuary in Arunachal
Pradesh.

Il. Species level

The community-level approach facilitates
recovery but does not negate the need to
consider the requirements of each species.
However, individual recovery plans with
greater emphasis on species which are at
the Dbrink of extinction need focused
attention. The individual recovery criteria
for the critically endangered species need
plans to track their progress towards
recovery. Species restoration plans need to
be established to a point where they no
longer require protection and their
population is stabilized. At the species
level, recovery can be by individual
species, reintroduction of the species,
carrying out genetic enrichment, or by
rehabilitating species into newer habitats.
This process of recovery involves arresting
the decline of the species by removing all
the external threats, so that they can
bounce back to their original status. For
example, by banning the harvest of an
endangered species such as Santalum
album, an attempt was made to restore the
population to genetically viable size.
Similarly, many animal species such as the
tiger and elephant have been recovered
and their population stabilized through
species-specific programmes such as
‘Project Tiger’ and ‘Project Elephant’.

() Species reintroduction: A further
possible step in the recovery of an
endangered species is to
introduce/reintroduce propagules into sites
where the species is likely to survive,
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and/or to replenish existing populations.
Such recovery plans for endangered plants
often call for the creation of new, self-
sustaining populations within their historic
range and  characteristic  habitat4.
Reintroduction can also be done into an
area where species can potentially survive.
Nowadays, several tools exist which can
identify potential sites for species
reintroduction based on the ecological
niche of the species.

(@ Reintroduction of a species within
historical range: Reintroduction in sites
where the species is known to have
existed, but is now extinct. In this case,
specific information about the habitat
characteristics of the source population
must be matched as close as possible to
provide the best chance for survival.

(b) Enrichment planting: This involves
introducing propagules or plants into
existing wild populations which have
reduced to very few numbers.

(c) Introduction of a species to a site
outside the known historical range: This
involves reintroducing in a site outside of
the known historical range of the species,
as that is the only place safe from the
threats that brought the species to
extinction (Ravikanthet al., 2018)
Potential problems in reintroduction

a) Founding population size: For
reintroduction programmes, it is necessary
that there are sufficient individuals in the
founding population. The population
genetic theory predicts that the presence of
a small number of individuals sustained
over many generations in a partially or
completely isolated population will lead to
depletion of genetic diversity. Thus,
optimum founding population must be
considered for any recovery programme.

b) Ecological interactions:For any
species, which has very close symbiotic
associations (for example, fig wasp),
maintenance of ecological interactions is a
big challenge. When reintroducing a
species, it is necessary to obtain
information on the pollinators and seed

dispersal agents. For example, wind-
pollinated species need to be planted close
enough to ensure successful cross-

pollination, and species which require a
bird or an insect pollinator need to be
planted in an area where an appropriate
pollinator is known to exist. In a situation,
where a reintroduced population needs to
be kept as distinct from a wild population,
the site must be far enough not to allow
crosspollination. Similarly, for
reintroduction of dioecious  species,
ensuring the sex ratio or sufficient number
of individuals to increase the effective
population size must be considered.

c) Genetic enrichment: Conceptually,
the genetic enrichment refers to an in-situ
site that serves as a repository of genes of
as many diverse populations of a species
as possible to represent the widest possible
spectrum of genetic variability. The
genetic enrichment can be carried out by
identifying suitable genetic banks which
function as in situ ‘sinks’ into which gene
pools from various °‘source’ sites are
introduced and maintained. In this way,
genetic enrichment could be regarded as a
modification of the existing protocols of in
situ conservation with provision for gene
flow into it. By virtue of such gene
introductions, genetic enrichment
facilitates the maintenance of a ‘global’
allelic set of the species. Further, because
of continuous interaction between and
among the different allelic sets maintained,
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the genetic diversity would be allowed to
‘evolve’ as it would in any other natural
habitat.

d) Rehabilitation: In instances where
the habitat has been completely destroyed
(for the construction of dams, mining or
other developmental activities),
rehabilitation of the species of that region
could be attempted. Rehabilitation of a
species in areas suitable for its optimum
survival and growth from areas where the
habitat is completely altered/destroyed is
often necessary so that the species can
recover and continue to survive.

II1. Populations

In most economically important species, it
is common to encounter different
populations having unique merits and
potential performance. In these cases,
species recovery programmes could be
attempted at the population level. In cases
where unique populations or unique
clones/ varieties of species are identified,
attempts to recover these should be made
with an ultimate aim of maintaining
genetic purity of the clones/varieties.For
example; thinly sandal could be a unique
clone rich in sotalol, which could be
conserved. Similarly, there have been
numerable clones identified in teak, each
with a characteristic trait (Ravikanthet al.,
2018)

Case study-1

In vitro multiplication and restoration
of selected rare, endangered and
threatened plants of India

Sooriamuthu  Seeni and S. William
Decruse, 2016 conducted research in
western Ghats Nine RET species,
comprising medicinal plants (Decalepis
arayalpathra (Joseph & Chandra.) Venter,
Calophyllum apetalum Wwilld.,

Blepharistemma membranifolia (Mig.)

Ding Hou.), orchids (Paphiopedilum
druryi (Bedd.) Stein, Ipseamalabarica
(Reichb.f.) Hook. f., Dendrobium

heterocarpum Wall. ex. Lindl., Vanda
coerulea) and rattans (Calamus
travancoricus Bedd.Ex.Becc. and Hook.f.,
C. nagabettai Fernandez and Dey) were
used for in vitro multiplication.Results
showed thatout of the three medicinal
plants tried, Decalepis arayalpathra is a
shrub and C. apetalum and B.
membranifolia are trees. Nodal explants
responded with single axillary shoot
formation in D. arayalpathra and 3-7
axillary buds in others. The axillary shoots
showed rapid growth and in vitro derived
shoots/nodes could be repeatedly sub-
cultured at 6-8-week intervals to scale up
multiplication so that 300— 600 shoots
could be raised in a year starting from a
single node. Seeds of D. heterocarpum, P.
druryi, and I. malabarica were germinated
optimally using casein acid hydrolysate to
produce protocorms. And they concluded
as both embryo and tissue cultures may be
employed for species recovery. However,
for purpose of retaining genetic diversity,
embryo cultures may be desirable. There is
no difference in establishment rates
between embryo and tissue-derived plants
of orchids and rattans.Micropropagated
plants reintroduced during pre-
monsoon/monsoon showers (May-June;
October) were best established.
Case study 2

Indian mangroves:
interventions and implications
Studies on genetic diversity estimates
conducted in different parts of the world
often contradict. This could be largely
owing to the sampling methods deployed

Insights,
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by individual researchers and teams. In the
case of B. sexangula the differences
between the two local populations namely
Kumbalangi and Panangad are very low.
This could be owing to their origins being
traced to highly related progenitor
population. However, there is adequate
variation within population and hence this
can be wused to continue controlled

- il - W,

msiuism3 i paifnslq 1o 2rlinom xiz 19fls 2pnilbsse bareildsles yllulezsaoue 2.0 pid

pollination. =~ A major  reproductive
bottleneck noted was poor visitation of
sunbirds  (8+3visits/day/tree). In peak
flowering seasons 97% of senesced
flowers showed no pollen deposition.
Using DNA assay high level of genetic
relatedness between and within the
populations was confirmed. Studies on
breeding behavior indicated that the

species was adapted to mixed-mating.
Control pollination resulted in 90% of fruit
set. The propagules were allowed to
mature for 160-180 days on trees and then
were harvested and raised in nursery.
Seedlings over one feet were reintroduced
in to mangrove patches or developed as
linear rows. About 400 individuals were
successfully reintroduced until May, 2013.
Over 90% of control pollinated propagules
planted during July, 2012 have grown over
1 meter in height. In future, it seems
control pollination and DNA marker
diversitystimation could be effective
synergistic  tools in restoring RET
mangroves that are constrained by genetic
bottle neck.
Conclusion
Species Recovery Programme is an
attempt to re-establish a wild population of
a species in a location where it used to
occur. It is a form of “Bridge between In-
situ conservation and Ex-situ
conservation,” which also includes
reinforcement of existing populations, or
attempts to establish a species outside its
indigenous  range  for  conservation
purposes. Conservation translocations are
often part of species recovery programs,
but they are also wused to restore
ecosystems by reintroducing species that
were key components of those systems, or
if necessary, by introducing species
expected to play similar ecological roles as
the extinct species.
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Abstract

Organic agriculture is an integrated
production management system which
promotes and enhances agro-ecosystem
health, including biodiversity, biological
cycles and soil biological activity. The
Concept of food quality has changed
dramatically in the recent years. It now
refers not only to the characteristics of the
final product, but also the way in which it
is produced, processed and transported.
There is an increasing interest in organic
production all over the globe. With
certification, there adds the confidence in
the market place. Certification within
organic agriculture exhibits flexibility with
respect to practices used to demonstrate
that a product meets published quality
standards. The certification of organic
products is essential to distinguish it from
those produced by conventional methods,
and to get an appropriate price for the
organic product in the market. It is also a
pre-requisite for its acceptability by the
consumers. This paper looks into the
purpose of certification, Kkinds of
certification and process of certification of
organic inputs and products.

Keywords: Certification, USDA,
APEDA, Inputs and Products, NPOP
Introduction

There are several definitions of organic
farming and the one given by the US
department of agriculture (USDA) is
considered most coherent and stringent. It
is defined as “A system that is designed

P

and maintained to produce agricultural
products by the use of methods and
substances that maintain the integrity of
organic agricultural products until they
reach the consumer. This is accomplished
by using substances, to full fill any
specific fluctuation within the system so as
to maintain long term soil biological
activity, ensure effective peak
management, recycle wastes to return
nutrients to the land, provide attentive care
for farm animals and handle the
agricultural products without the use of
extraneous  synthetic  additives  or
processing in accordance with the act and
the regulations in this part (USDA
National organic programme 2002)”. An
important event in the history of the
modern nascent organic farming in India
was the unveiling of the national
programme for organic production on 8™
may, 2000 and the subsequent
accreditation and certification programme
in October, 2001. Organic products are
grown under a system of agriculture
without the use of chemical fertilizers and
pesticides with an environmentally and
socially responsible approach. This is a
method of farming that works at grass root
level preserving the reproductive and
regenerative capacity of the soil, good
plant  nutrition, and sound  soil
management, produces nutritious food rich
in vitality which has resistance to diseases.
India is bestowed with lot of potential to
produce all varieties of organic products
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due to its various agro climatic conditions.
In several parts of the country, the
inherited tradition of organic farming is an
added advantage. This holds promise for
the organic producers to tap the market
which is growing steadily in the domestic
and export sector. As per the available
statistics, India's rank 6th in terms of
World's Organic Agricultural land and 1st
in terms of total number of producers as
per 2021 data (Source: FIBL & IFOAM
Year Book, 2023). The APEDA, Ministry
of Commerce & Industries, Government of
India is implementing the National
Programme for Organic Production
(NPOP). The programme involves the

accreditation of Certification Bodies,
standards  for  organic  production,
promotion of organic farming and

marketing etc. The NPOP standards for
production and accreditation system have
been recognized by European Commission
and Switzerland for unprocessed plant
products as equivalent to their country
standards. With these recognitions, Indian
organic products duly certified by the
accredited certification bodies of India are
accepted by the importing countries.
APEDA is also in the process of
negotiation with Australia, South Korea,
Taiwan, Canada, Japan etc.

Area

As on 31st March 2023 total area under
organic certification process (registered
under National Programme for Organic
Production) is 10.17 mha (2022-23). This
includes 5391792.97 ha cultivable area
and another 4780130.56 ha for wild
harvest collection (Anonymous, 2023A).
Among all the states, Madhya Pradesh has
covered largest area under organic
certification followed by, Maharashtra,

Gujarat, Rajasthan, Odisha, Karnataka,
Uttarakhand, Sikkim, Chhattisgarh, Uttar
Pradesh and Jharkhand.

Production

India produced around 2.9 Million MT
(2022-23) of certified organic products
which includes all varieties of food
products namely Oil Seeds, fibre, Sugar
cane, Cereals & Millets, Cotton, Pulses,
Aromatic & Medicinal Plants, Tea, Coffee,
Fruits, Spices, Dry Fruits, Vegetables,
Processed foods etc (Anonymous, 2023A).
The production is not limited to the edible
sector but also produces organic cotton
fibre, functional food products etc. Among
different states Madhya Pradesh is the
largest producer followed by Maharashtra,
Rajasthan, Karnataka, and Odisha. In
terms of commodities, Fibre crops are the
single largest category followed by Oil
Seeds, Sugar crops, Cereals and Millets,
Medicinal/ Herbal and Aromatic plants,
Spices & Condiments, Fresh Fruit
Vegetable, Pulses, Tea & Coffee.

Exports

The total volume of export during 2022-23
was 312800.51 MT. The organic food
export realization was around INR
5525.18 Crore (708.33 million USD)
(Anonymous, 2023A). Organic products
are exported to USA, European Union,
Canada, Great Britain, Switzerland,
Turkey, Australia, Ecuador, Korea
Republic, Vietnam, Japan, etc.

Organic Certification

It is a system of regulation designed to
ensure organic producers and processors
follow strict quality standards and
accurately describe an environmentally
sound production process. A certificate is a
written guarantee issued by an independent
certification agency and it officially states
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that the production processes or product
complies with certain standards. Organic
certification ~ provides  third  party
confirmation, thus there is assured and
added confidence in the market place.
Purpose of certification

1. Address a growing worldwide
demand for organic food

2. For producers, certification
identifies suppliers of products
approved for wuse in certified
operations.

3. For consumers, certified organic
serves as a product assurance.

4. Third party assurance from
producer to the consumer separated
by the distance.

5. For uniform label.

6. Assurance to the consumers that its
concern for healthy food has been
addressed.

7. Effective marketing tool for image,

credibility, visibility and
transparency.
Note: Some initiatives taken by

government to promote organic farming:
1. FAO- DAC project on organic
farming
2. Paramparagat krishi vikas yojana
scheme
3. National food security mission
4. Rashtriya krishi vikas yojana
The organic quality control involves four
steps
1. Accreditation
2. Standards
3. Inspection
4. Certification
Accreditation
A Procedure adopted by the National
Accreditation body for ascertaining the
competence of a certification body to

certify organic farms, products and
processes as per the National Standards for
Organic Products.

Steps in Accreditation of Inspection and
Certification agencies:

e Applicant seeking Accreditation as
an agency should submit an
application to the authorized
officer

e Accreditation fee along with the
application  form  should be
submitted along with the bank draft
in favour of APEDA payable at
New Delhi. The certificate of
Accreditation will be valid for a
period of 3 years from the date of
issue. Renewal fee id 10,000/-

e An Accredited inspection and
certification agencies shall be
allotted a specific Accreditation
number

e On approval of Accreditation
APEDA  shall  inform  the
certification agency about the
approval and shall issue the
certificate of Accreditation within a
period of 15 days

e The certification agencies applying
for  Accreditation should be
actively engaged in programmes
related to organic agriculture
movement or production and their
programmes should have been in
operation for at least 1 year

National Accreditation agencies
e Agricultural and processed food

product export developmental
authority(APEDA)
www.apeda.com

e Spice Board
www.indianspices.com
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e Coffee
www.indiacoffee.org.in

e Tea Board www.teaboard.gov.in

e Coconut Development Board

e Cocoa and Cashew Board

APEDA is a nodal agency and can certify
all types of products producers and
processors but, other agencies can certify
the specific products, its producers and
processors only.

National Standards for Organic food
processing and handling as per NPOP

1. Choice of crops and varieties:
When organic seed and plant
material are available they shall be
used. When certified organic seed
and plant material are not
available, chemically untreated
conventional materials shall be
used. Use of genetically engineered
seeds, pollen, transgenic plants or
not allowed.

2. Duration of conversion Period:
Plant products produced can be
certified organic when the national
standards requirements have been
met during a conversion period of
at least 2 years before sowing.

3. Soil and Water conservation:
Clearing of land through the means
of burning organic matter example
slash and burn, straw burning, shall
be restricted to the minimum.
Excessive exploitation and
depletion of water resources shall
not be allowed.

4. Ingredients:  100%  of  the
ingredients used in processing shall
be organic except when an organic
ingredient is not available in
sufficient quality or quantity, non-

Board

organic ingredients may be used to
minimum extent.

5. Processing Methods: They should
be based on mechanised, physical
and biological processes.

6. Packaging: ecologically sound
materials shall be wused for
packaging of organic products. Use
of PVC, laminates, aluminium
should be avoided. Materials used
for packaging should be bio
degradable and recycling, reusable.

7. Processing, Grading and
Packaging: Processing
technologies like solar drying,
freeze drying, hot air chambers are
permitted. Irradiation of
agricultural ~ produce is  not
permitted. No synthetic additives
are to be used.

8. Storage and Transport: Product
integrity should be maintained
during storage and transportation
of organic products. They must be
protected at all times from co-
mingling with non-organic
products and substances not
permitted in organic farming.

9. Labelling: When the full standard
requirements are  full filled
products shall be sold as produce
of organic agriculture.

When a minimum of 95% of

ingredients are of certified organic

origin, products may be labelled as

“Certified Organic”.

When less than 95% but not less than 70%
of the ingredients are of certified organic
origin, products may not be called
“Organic”

Organic products shall not be labelled as
GE or GM free in order to avoid
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potentially misleading claims about the
end product.
Inspection

1. Onsite visits to verify that the

performance of an operation is in

accordance with specific standards.

2. Evaluation and verification of

agricultural production, processing

and trading
3. Inspection  requires  complete
documentation by  producers,

processors, and handlers.
4. Findings are presented in a report
to the certifier.

Certification
It represents a written assurance by a third
party of the conformity of a product,
process or service to  specified
requirements.
Kinds of certification
Foreign certification
A lot of export oriented organic projects in
developing countries are inspected and
certified by certification bodies based in
the importing countries. Costs of
certification are high.
Co-certification
Western certification agencies started to
build up local branch officers for
conducting the inspections and to work
with local inspection staff.
Indigenous certification
Indigenous  certifications  especially
support the development of domestic
market for organic products. They usually
offer cheaper inspection fees.
Smallholder group certification
When large numbers of smallholders are to
be inspected by a foreign certification
body, the involved costs can be very high.
In such cases, small holder group
certification can be done. Only one

application is required to certify the entire

farms of such smallholder group and the

certification and inspection fee is shared
by each individual farmer.

Note: Every certifier can implement a

certification process only accredited with

accrediting agency.

Certification process

e Submission of application to the

certification agency.
e Scrutiny of application by the
respective authority.

Certification  records and  reports
Operator files shall be up to date and
contain all relevant information, including
history and product specifications which
will enable the agencies to make competent
and objective decision. Records will be
maintained by the inspection and
certification agencies for any violations,
exceptions and disciplinary measures.
Integrity of the system
The certified operators shall sign contracts,
agreements or affidavits obliging them inter
alia to follow the production standards and
other published requirements for
certification, accept inspections supply
accurate information.
Marks and certificates
Certificate of registration or
certificate: It includes

1. Name and address of the operator.

2. Name and address of the certification
programme and accreditation number.
Reference to the applicable standards.
Products or product categories.

Date of issue.

. Validity

Transaction certificate

The inspection and certification agencies
may issue transaction certificate only if the
seller provides all the required details.

scope

o oA w
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They shall take reasonable measures to
verify that the information provided is
correct before issuing the certificate.
Product certificate: The certifier on request
of the operator will issue product
certificate to the buyer. Product certificate
contain the information like name and
description of seller and buyer, date of
delivery of product, date of issue of
certificate etc.

Labelling

Labelling helps in easy recognition of
organic quality and certification system,
organic products, confirms the fulfilment of
the label regulations and the legal rules and
help to achieve a better price for organic
products.

The logo used under the certification
programme will be called India organic.
This shall be the seal used on all the
certified organic products, which would
identify that the product is organically
produced and originates from India.
Symbolizing the rhythm of cosmic and
earth forces represented by the blue and
brown waves of force and energy. India
Organic logo celebrates the essence of
nature. These forces work in harmony
upon the earth’s environment and this
rhythm is reinforced and supported by the
green plant growth. The cosmic force in
the blue symbolizes universal purity.
Richness of soil, nourished with natural
ingredients in organic farming, is
symbolized by the earth forces in golden
brown. The plant in green uses the colour
of nature and natural products untouched
by chemicals.

The blue background is the symbolic of
earth’s environment that is congenial for
life to thrive in and is also free of pollution
and harmful chemicals. “Indian Organic”
will be granted on the basis of compliance
with the NSOP communicating the
genuineness as well as the origin of the
product, this trademark will be owned by
the government of India. As most of the
Indian farmers are illiterate, small and
marginal farmer who could not afford to
pay the certification and group
certification, hence participatory guarantee
system was initiated.
Participatory Guarantee System of
Certification (PGS)
Small holding farmer groups who apply
similar production systems and whose
farms are in geographical proximity can
register for a grower group certification.
The certification provides common
marketing facility to the members of the
group and the cost involved in certification
is also shared among the members. It is
based on participatory approach, shared
vision, transparency and trust.
Organization structure of PGS system
National Advisory Committee

4

PGS India Secretariat (NCOF)

1

Zonal Councils (1to 7)

4
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Regional Council material  http://www.  organic-
i' world.net/yearbook/yearbook-
2023.html.

Local Groups

Certified Organic Inputs
The use of manures, organic fertilizers, bio
fertilizers, vermi-compost, bio pesticides
etc. is very high in Organic Farming
compared to conventional farming as
organic farmers substitute chemical
fertilizers and pesticides with these organic
inputs. The demand for these crucial
organic inputs is increasing with expansion
of area under Organic farming. Therefore,
it is most essential to ensure the smooth
flow of the certified Organic Inputs in the
spread of Organic farming.
Conclusion
Organic farming is a matter of giving back
to nature what we take from it. It is safe,
inexpensive, profitable and sensible.
Customers want certification for the
products since small and marginal farmers
cannot afford the cost of certification,
government and NGO’s must provide
support for the certification process and
motivate the organic growers. Organic
agriculture sector still needs a lot of
research in the area of pests, disease
management and raise with organic
solutions with increase in awareness of
benefits of Organic products.
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TAHL FEA H T8 T gl SoE" GZEe
FH Bl 8l

qTHT FT G TATE qTAT HIE

Tg e qL WM AT AT § THHT AT 1.5-
2.0 fROHT0 2rar & &bt gi=at fier v it
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@?ﬁ%%ﬁﬁﬁéﬁﬁ?ﬁwaﬂﬁﬁ%
T TR A AT 97 STt g e 9t
Ao AT I THAT d(89q gl g A<
STeer et st GQTaTT 7 1 ST gl
TET & TG IS FT THFA hIe T8
o HET X FAT FIAT ATRT 10-20
FFEAL T ST ATg HT ThIT FH
Bl
o 3T HFHT FT ek ow F forw wwAw
T AT 20 AFAT H TEA HLAT

=T

FLAT AR

o HHA H IALH HI Hrerd AT 7
TART AT AT

o THHA H ZIA AT IS ST TITT T
T & o s a9 § 0@ e
F greweAT Ot ® 4 U
TTSEX Wi Fh0UT0 ST &% & <nfara
FLAT AR

o oW = ¥ BT T JATE A
FUTF ATEAT (TS, UL, HITET
#Ie) T2 g1 AT Bl

o TR uiem =m egfAr w=r v
TIEHLT 7Y T AT AT

o Hig I & forw wwweft fie ot
T d1ae, FICAIL, HHel, TATS
FTET T FIUET FLAT AT
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o I &I GAT T AW & ol & TANT o AT 3T ATH & THI T AEE! %
FLAT AT ATET HI THRAT FL TY FT AT
o ST HFE! YAET & {10 FFHIor L
FATET § gf T=1E 2 T ATfe0 o TTAT ATAT HUST &I AT T ATA
T SATHIA  ATAT I | A T @IATATT H °d F gel
% FHTLOT 7Y AT Bl AT F T HIAT AR
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SEEIREIRCRE R UEIR (R
Trorer FHTL s
AT SRR TS
AT AT..TU. T, -So0R i el a7 SATHLTT AT
(AT AT ST e frear awg, aaiaor, a9 ud Saary Tadd #31ad, 9 36)

AT (F.T.) - 482021

TF I2T T TAATY il TATTAT HL Thal &,
AT BT % F9HT H FHA ST Ho0dT 0l
T 2@ g, 3EF o 78 RreAe 781 2l
¥ Sfaqerdar g, g gaTL Stitad @ &
o g T 9=Te T vEd H "EE war g |
TH ST g T o & =1 e gt i weT
H gew qiaad RAEGT & o 3T S &
oo Seee g 1 o aaue gaswt |
ZH ST SEUTAT <@l g 98 J24T 6l %l |
JEATT ° TATET g T | A(afafe &
IERIECER

I Ead AT FFRT Tl s, 98
ATLHEA & ST IT Tg= ATAT HIT Fo T
&1 HTAT T 3@ | 94T Far g | 99 1978

", I ITURT 9T THL T ITANT Fleh

THET ATHAT AT ST 72T 8, ST X I8
AT & T A Ig T Tgad aredl 91
ST T HTAT H S d@ldil dai g5 @ |
e T WEe arta & forg e
gIaT, q1 gH 9ag & Ul argAed (q9am
HEd) T ATTHSA i qT q2dl § aTHT
TG FH WAl | AT aTeqd | 98 9d8
I ITH S GHATT ST H SSTgar g | Tg
gt T T8 * Aehe THT T arett 97
& T=T o AT B ATAT THT o SATRT &
7 T T & TH I % HIT |

TF et 9% Stae &7 ofxh Y& F:T g,
Tg AT STad L@+ # oI T8 &7 9979 T
TG H aE AT gl g ATl SToAarg &l
AT TTiad FaT g | g9 A9 & 6 gF *
TART AT AT AT FAT H A TRAAT

figer RETT & o9 3w 9™ & fow
ST g | AT e % q9rhi | gA
ST AT 2ET 2, 98 Zadt o & 6 28 gy
&1 HeAT H T AT TEATAT & TRl ST o7
THRAT 2, AT T TAT s & TR A Wi
TTatarter 3 FTeor g7 ThaT & |

TF Hd UF gl &0 ol F80F F dAgl 96T,
| =% & T HA § 11 7 90 2 |
TS FAH o6 I, G AT TiAfAfer ofiw
Taeg # At aREdat ¥ erear g | 97
e w1 T S ar = A g, A &
I 31T dae § ek S arer 9aryd i
HTAT 3T 1S 3T /T SATATIHAT o ST
AT e T § AT gy gt § | =9 et
T AATe, AT & ATgHSA AT JAT i
Tdg ¥ s I &y aEar g |
FAHTH T = (T =% 25) fadaw 2019 §
E AT AT TS H THA AfAfafa § s
qE g | AT gF 2025 TF 937 T a6
Tel TgoT, AT I8 T8 ° af Esdl
AT aTiorET & e &2 92 95 1 ¢ |
IET w O oammHT S| sEetEe
e 9, ST aqATT | 2027 § e
g ATAT &, |1 9% 26 § qodard (asig
TETH T |

A< Y & A4y TEdd 9% sav
AT T (ATSTHHET) o T, TaqTT
IsTa® "a 7 g T " wfafater §
STeRTTer ST STeqhTiord aaera qoat it
SAaTd H agd |l ffHar {9 g
Aara-fAfiT firgea o Faz gr e a
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I ATeAT THT aTeqd § "X Aiafater § grer
& TTEAAT o FHTCOT ZI ATl el T AT
q FE AT SATAF B |

40 & AT ot |, I 1 I F Joll
STATE T SATATHA (AT &, ST 39 AT 6
F 0.1 STTerd o 7 SUT AT A= @ e |
1750 & &TE &, AL FET SHAT9H 28+
STATT | IIA g ATAT FAGSH 40 6
FILOT B ATAT THT, IHT FHA-AATA H
T T T ATeAT T & 270 AT AfAw qTE
TR

T T ITH G ATAT S HofT o0l AT G4
& ITH(AE 11 A1 % B IA-AZE % ah
F 9T% e 8, foraH 1950 F 39T F arE o
Fe qF Jlg TRAAd dl g5 & | TE
sty ®, afas® e § SeaadT Fig
g ¢ | AT I8 982 sEwTad g &
fogelt smelt &<t 3@t T afad arIHe
Frax f wgRr FT AT T2 |

% g o 9 aaA § =e =7 6 gaedie
Tfafater 7 sq9a FT W | T aSATH!
FT ATATT & T 78 UF safas §ie "geAr
&t g g gwdr g e i mEae
gl STAT &, STafh 37T FT Figal g (o 39
et =7 Tef| # & oy sroaie 99 &
| U AT ~JAqH & I, §IT qaahed HF
gl STaT g, a99(e HHT-FATT Q@ ad &
T i el fafeer gt a9 qg=dt
g | 9T fHww %2 gusl ¥ o afedi aF
T Thd 5 | AT | g2 qGH TSI HeAT
“forfesr smew ue (13 & 19T HEr ¥
HqeT) % IR ge: " Hiver WfawEE”, 1645
T 1715 & &= &t UF fAeaia saty,
ST g Tedie qAterd gu o |

FAHTT U1 § F2 FAIAL 7 IT TATAN TT
&1 3T 8 ST Ua Y =gAa¥ a0 9dg
ATIHTA T FHTLOT g1 THhaT & | T FALTAAT
qATa a1 ¢ 6 U a=7 s e ug
#7 0.3 I afcaas % 3T FT T ¢,
AT a7, qaH o=, T g (At
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AT Agl) AAA-SAd @ ATt g2t
TF I ATAT ot | A Rierae grM,
AT FaA oW FUT A FAEH  FTEAA
STEAFITEE AIRAT gl TNl ALATE FT
T | TR AATAT, T ATH WOLEAT AT
et 0T, THAE aTE qE draHTE
EEIGEET

T AR o AT HAHT & STt oftqer
T KT G AT § FH T ST 2,
AR Tg TREAA SATAE T Tfatate &
i 3T FEENR IRE= JadmEr |
ATET TATIAT &7 | THH AT, dd TAT
TE Faq qren " T qew mEaw ar
"HieeT ffAwH" | ATE-SRa arfHr A
Ao T ST ~qAqH &9 F Ford H
T 20 = T F Hew F TET L A A
TR T FFT &1 w00 "8 T91 "
F WTHE fAwaTe & /A § - AT S a4
SIS AT § S ATHSA AT T Fqed
it & e aret T A AF AT |
geeft U¥ Sfad gF F " ATAr el 9%
AT F2ar g | T2 & argEEd aF agad
FTAT TR et TRTT Sl gal %
qTEAT H grAT ddg I¥ AT 8, gl oo
LT 3T SITAT g 3T STa<<h SHoAT ®
& ¥ faferefora BT STar g | 57 SoT &
TR 90% WHRTSH 4T T AFeruq
T forar Srar g i 1A e gt srar
&, Foraer siateer § oAt &7 AT AT 2r
ST & | fosent aarsst #, A ST 9
SH S{aned 299 4 JAad ¥ agHeA g
FTAA STTAFATSS il Tigdl | Iix g ¢ |
g gl TATIY AT g FATh HIIAT AT AA
AT T TORAT e 61 gaT § A o
F AT TR FEA TSI S9TdT 8§
| %y HET TH, U, IAN T 7T
AT Sfatatert & forw sfw &t awre &
fgsa o AT T HIfE g g |
AT agH®  Fvgar S seEnte

wfafaferat av fAsie &, I==i9 1750 F =1
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q ATHSATT FTa STSAFETSE o TqL Al
TR 50% FET a7 § | 9% gig g
Tratafe=i & T 8, ¥ JH1EEw
FrgHew ¥ uF At aueras i
T THRT E | ATAT ZAT T AR I H,
FEAT 9T % 9T & THATF [FATAT &
AT IREdd 9% SaT R a9d o
At et & a8 Tow g & shenfies
IT § FTATALT | Fad STSAFES, T
AT ATeed TS Al glg w1 IROTH
AWET  IAEiedt & #va g9
Stawed & 3@ MU &z IREddl w1 Tqa
JTF Bl
9% 1970 F IUF H FFEAT AR
TATHA & gall, TAATT TOITAT o6 TH g
T HEE Tt w YHE FEi| "
T 27 aF fasieq gam g1 ared §
TdqT FAAT g o FdHT TSlEe AT i
A TR0 ZIT G9ATAT A5l o7 q6aT ¢ |
TET w T A YTH g ATl Sl H
afadd &1 "o & o asrEE g9 |/
At ( fromens) amw s fifes w7
START F3d & | Sugars § g9 it gdg &
11 |7 FT HIT T 3T HIT SATATE/TRIT
AT & | TeTIAT | IaT 9oAaT g o &<
aRadaefierar 9 e sterarg afadar §
Tt g e € 1 saree % o,
TE g SATangEr wafater w Ay "/i7
wfafafter § w1 7 =i BEGT &1 4F FA
H 73T A |
s Uy
it Ataret & forg a@meier, @ T,
AT T AT ot
AT 63 geaiwd ROre, Seegsiil,
Tl FTALT, ATANT . 1.2,
froem.2.1 s frumal
ft. ThefeReeE, U oret., 2022: "vefrad
FTa asfe 2022", 1 Freed a129
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2T (11 F9a 2022): 4811-49001
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AT 641 qearwa e, seegsiil,
HEATT 2, €T 221, "HIT AR
Fel T I

AEITEET 637 qeaiaa e, ssegsiil,
HLATT 7, 91T 7.3.4.4, 7.35.2, =
7.6, g

TH., AHgs HiY Seeg A afe, aia-ad
fateor & Sraetiors agEeTal siT
STAATT % T |IT (Ao 3T |IY
A g & 9% AeE W
HHTT T g0, A FrEmsel T

T FHATET, 476, 3T 2228 (24 A
2020) ; https://doi
10.1098/rspa.2020.0077
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