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From The Editorial Desk

Madhya Pradesh, often referred to as the "heart of India" due to its
vast geographical area and diverse ecosystems it has historically been a
leader in forest cover among the Indian states We know; forests play a
critical role in the state's ecology, economy, and cultural fabric, supporting
biodiversity, tribal livelihoods, and environmental stability. Most recent
data on forest cover are source from the India State of Forest Report
(ISFR) 2023, released by the Forest Survey of India (FSI).

India State of Forest Report (ISFR) 2023, the Madhya Pradesh
retains its position as the state with the largest forest cover in India in
terms of area, with a total forest cover of 77,073 square kilometers. This
constitutes approximately 25% of the state's geographical area of
308,252 square kilometers. The state has a tree cover (trees outside
recorded forest areas) of 8,650 sq km, bringing the total forest and tree
cover to 85,724 sq km, or about 27.6% of the state's area. This state is
also home to 9 tiger reserves 12 National parks & 22 wildlife sanctuaries
making MP as the Tiger State of India with 785 tigers out of 3682 tigers
in the country.

In spite of this the ISFR 2023 highlights a concerning trend;
Madhya Pradesh has recorded the largest decrease in forest cover among
all Indian states between 2019 and 2023, losing 612.41 sq km of forest
area. This alarming decline is caused due to deforestation, mining,
infrastructure development, agriculture expansion which has also caused
forest fragmentation. Statistical data reveal the state has lost 344.77 sq
km of tree cover outside forest areas.

Despite this, the state remains an environment & biodiversity
hotspot, along with its diverse flora and fauna, and its Forest Bank
Treasure of holding about 608 million tonnes of carbon sink. But, yet
ongoing pressures of deforestation illegal felling, shifting cultivation,
mining are still pronounced. Man animal conflicts, (human-wildlife
conflicts) are continuing challenges amongst the forest & wildlife
managers.

Give a thought: Over few decades; Madhya Pradesh's forests
have undergone significant decrease due to dottrel activities of human.
While the state maintained its top position in forest cover area; yet, the
net loss of 449 sq km since 2013, coupled with notable decline of 612.41
sq km between 2019 and 2023, must worry the forest conservators & the
policy makers how to curb such ongoing rising forest loss?

It is noteworthy, in the name of development; scarifying the
forests for mining (especially coal and limestone), highway construction,
and agricultural expansion etc.; have intensified the climate change,
prolonged dry spells, forest fires and downing of the water table of
mother earth. How long we would continue to it? /%

Editor
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STATUS AND DISTRIBUTION OF
AQUATIC ANIMALS IN SON
GHARIAL SANCTUARY, SIDHI, (M.P.)

- RK. Sharma' A.K. Mishra’

EXECUTIVE SUMMARY

The present study was carried out to find out the
status and distribution of Gharial, mugger and turtle
present in the Son Gharial Sanctuary. A total of
approximately 122 km. stretch in the Sanctuary was
studied and data related with population of Gharial,
mugger turtles, habitat features, river profile, human
activities and threats were collected. A total of 48 Gharial.
36 Mugger, 90 Turtles (47 Hard-shell and 43 Soft-shell
turtle). Training was also arrange to train staff of Son
Gharial Sanctuary for future conservation and
management of aquatic animal.

INTRODUCTION:
The River Son is a major tributary of River Ganga.

It originates from Shosa Kund in Amarkantak Bilaspur
District of Chhattisgarh. The river flows through Madhya
Pradesh, Uttar Pradesh and meets Ganga in Bihar. The
Son Gharial Sanctuary was notified as Sanctuary by
Madhya Pradesh Forest Department in 1981 (vide
Gazette No. 14-47-80- 10(2) Bhopal. dated 23-09-1981)
161 km stretch of the Son River from the Ban Sagar Dam to
Deora up to U.P. Border (Figure 1). The Sanctuary falls
within longitude 81°20' and 82°50' E and latitude 24.15'
and 25°40' N. The Sanctuary also includes Gopad and
Banas River totaling an additional 48 km. At certain points,
the river varies widely in depth from 1 feet to 30 ft. The
Sanctuary was a safe adobe for Gharial, mugger, turtles
and birds for past decades. It was also declared as breeding
ground for Indian Skimmer and Chitra indica in recent
years.

Studies on riverine
ecology and diversity of
aquatic animals in Son Gharial
Sanctuary from Terideh to
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Deora last limit of the
Sanctuary has been
conducted earlier by few
workers, Sharma and Sharma
(1997), Sharma et al (1999,
2011, 2018), Sharma (2000,
2006, 2013), Tarun et. al.
(2013).

METHODOLOGY:

The present survey has
been carried out between
3rd to 8th March 2020,
covering a total stretch of
approximately 122 kms. in
Son Gharial Sanctuary,
comprising of 101 km. of
son river between
Sikarganj (Terideh) up to
Harma Down and 21 kmes.
of Banas river (a tributary
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Gharial Basking Mid-island at Jogdah ghat in Son River

of son river) between Parsuli to Barhai (Figure 1). A survey
was carried out for distribution of key aquatic fauna and
identification of Gharial and mugger habitats

Elaboration of methods for the field surveys and gharial
enumeration in Wild habitats :

The population of Gharial and Mugger was
estimated by direct sighting method for different age
groups according to IUCN criteria. Many methods for
survey and population assessment of crocodilians has been
developed each suited to a different crocodilian species or
the habitats they occupy. The methods for the assessment
of gharial population used in this study were devised and
improved upon by previous workers who studied the
gharial. The protocol of the field survey was based on the
description given in Singh (1985) for Gharial, Mugger and
turtles A one day training programme was also
organised by officials of Son Gharial Sanctuary and
theoretical training was given on the practical aspects of
conservation of the species.

The winter daytime absolute-count
for enumeration of gharial
populations:

It is well known that
gharial, like other crocodilians, are
poikilothermic reptiles whose body
temperatures vary with that of the
their environment. In winter when
ambient temperatures in Northern
India drop to the range of min 1-
50C to max 20-250C then gharial
are unable to maintain their body
temperatures at preferred levels in
spite of daylong basking activity.
This ensures that during this season
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all gharial spend almost all the daylight hours on
land.

RESULTS AND DISCUSSION:

Status of Gharial (Gavialis gaugeticus):

The range of distribution of gharial was much
wider in the Indian subcontinent. There are many
anecdotal accounts and notes regarding
abundance of gharial in the 19th century.
Descriptions refer to "hundreds" of gharial in
Ganges, Yamuna and Mahanadi. The range got
shrunk toward the end of the 19th century and
particularly after the middle of the 20th century.
Twentieth century description mention presence
of gharials in the river systems of Indus, Ganges,
Brahmaputra and Irrawady; which covered from
west of east the countries of Pakistan, Indian,
Nepal, Bhutan, Bangladesh and Myanmar. (Singh
2018)

In present time gharial have become extinct in
most of their previous habitats, and wherever they still
occur, are highly threatened because of human pressure on
habitat and the changing river profile traced to have origin
from changing climate and reducing vegetation in river
catchments. (Singh & Sharma 2015).

During the present survey, a total of 48 Gharials
comprising 09 adult females, 07 sub- adult, 32 Juveniles
were recorded. (Table-1). The maximum numbers of
Gharials (46) were sighted between Jogdahghat to Rampur
and the minimum numbers (2) were sighted between
Kuthulideh to Bichhi.

STATUS OF MUGGER (Crocodylus palustris):

The mugger or marsh crocodile lives in stagnant
water, reservoirs, lakes, and rivers... In most areas of its
distribution the mugger makes burrows for habitation.
Muggers usually eat fish, frogs, snakes, crustacean, birds

Mugger Basking on the river bank
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and large mammals. They also eat dead animal found in or
near the water and help keep the environment clean. The
crocodile plays a vital ecological role as master predator in
the aquatic habitats where it lives. During the present
survey, 36 muggers of various size groups , 14 adults, 8
sub-adults, 6 juveniles, and 8 yearling/hatchling were
recorded in the sanctuary .(Table-1)

STATUS OF TURTLES:

Enumeration of turtles by individual species, when
basking in same size groups, is difficult from a distance.
Turtle sightings during the survey were categorized as hard
or soft- shell turtles. The number of turtles sighted during
such surveys is not indicative of the actual population size
of turtles in the river. The data shown below only
represents the population which was seen by the survey
team. All turtles sighted were counted and noted on the
data sheets. A total of 90 turtles (47 hard shell turtles and
43 soft shell turtles) were sighted during the present
survey (Table -1).

Soft-Shelled Turtle Hard-Shelled Turtle

Table-1. Aquatic Animals sighted in
Son Gharial Sanctuary 2020

. Species Numbers Total
No. Numbers
1. | Gharial Male 0 48
Adult Female 9
Sub-Adult 7
Juvenile 32
Yearling 0
Hatchling 0
2. | Mugger Adult 14 36
Sub-Adult 8
Juvenile 6
Yeraling/Hatchling | 8
3. | Turtle Hard-Shell 47 90
Soft-Shell 43

Year:9 Issue-33, Bhopal, January to March - 2025

ME &MY EARTH

TRAINING PROGRAM :

Training program was carried out on 4th March
2020 at Jogdah in the presence of Shri B.P.. Tiwari
superintendent of Son Gharial Sanctuary Sidhi. A total of
14 members participated in the training program
including forest Range Officer, Foresters and Forest
Guards. During training program detailed conservation
and management aspects of Gharial, Mugger and Turtles,
Census techniques, Nest Searching, Protection , Egg
collection methodology, Ex-Situ and In-situ conservation
methods, etc in Son Gharial Sanctuary were thorougly
explained.

Training program was carried out on 4th March
2020 at Jogdah in the presence of Shri B.P.. Tiwari
superintendent of Son Gharial Sanctuary Sidhi. A total of
14 members participated in the training program
including forest Range Officer, Foresters and Forest
Guards. During training program detailed conservation
and management aspects of Gharial, Mugger and Turtles,
Census techniques, Nest Searching, Protection , Egg
collection methodology, Ex-Situ and In-situ conservation
methods, etc in Son Gharial Sanctuary were thorougly
explained.
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Role of Psychology in the
Forest and
Environmental Management

- Dr. Deleep Kumar (I.ES)

INTRODUCTION

Humans have an innate ability to understand the behavior of others within a social context. Historically, this ability has played a
significant role in safeguarding forests and the environment. The key principle guiding this conservation effort was frugality—using natural
resources wisely to ensure their availability for future generations. In early human civilization, greed was not a predominant factor; however,
with the advancement of comfort and convenience, insatiable greed emerged, leading to excessive and imbalanced consumption of natural
resources.

This situation called for the intervention of professionals who could enhance mental resilience and promote sustainable behavior.
This necessity led to the emergence of psychologists as key figures in addressing environmental challenges.

In the early 1960s, the publication of Silent Spring (1962) by Rachel Carson acted as a catalyst for the modern environmental
movement. Environmental concerns gained traction, eventually leading to the establishment of organizations like the Environmental Protection
Agency (EPA) in the United States. Similarly, in India, then-Prime Minister Indira Gandhi attended the Stockholm Conference on the Human
Environment in 1972, where she emphasized that poverty was a major cause of environmental degradation. For the first time, the conference
crystallized the idea that environmental integrity, peace, and development are interdependent and that civil society's participation is crucial for
addressing environmental issues.

Indira Gandhi played a pioneering role in environmental conservation, spearheading legislative and policy initiatives for
environmental protection. During her tenure, several environmental acts and regulations were enforced, highlighting the growing significance of
environmental governance.

Psychologists gained prominence in mitigating the impact of climate change and environmental degradation, leading to the
emergence of environmental psychology. This field focuses on the interrelationship between humans and their environment. Pioneers like
Harold Proshansky, William Ittelson, and Robert Bechtel contributed significantly to its development.

During the 1990s and early 2000s, the psychological aspects of environmental conservation gained further recognition. Scholars such as Stephen

Kaplan and Rachel Kaplan played a crucial role in advancing conservation psychology, which emphasizes behavioral changes to promote

sustainability.

Several theories and concepts in environmental psychology offer valuable insights into fostering a sustainable mind set. These include:

» Biophilia Hypothesis — The idea that humans have an inherent connection to nature and that nurturing this connection can enhance
environmental stewardship.

« Restoration Theory — The notion that exposure to nature can restore cognitive functions and improve mental health, thereby encouraging
sustainable behaviors.

* Environmental Identity — The concept that integrating environmental concerns into personal identity can lead to more consistent pro-
environmental actions.

Climate change has already caused irreversible damage, manifesting in more frequent cyclonic activities, cloud bursts, landslides,
avalanches, glacier melting, species extinction, and an increase in respiratory diseases. These changes have disrupted social harmony on a
global scale. If immediate action is not taken, the restoration of environmental balance will become nearly impossible.

This is the crucial moment for psychologists to take decisive action. By addressing public attitudes and emotions, psychologists can
drive behavioral changes necessary for forest and environmental conservation. Adopting a mission-mode approach, psychologists can help
transcend national boundaries to create a collective movement toward sustainable living.

Year:9 Issue-33, Bhopal, January to March - 2025 ME & MY EARTH Save Forest, Wildlife & Save Earth 09



UNDERSTAND HUMAN BEHAVIOR AND

ENVIRONMENT:

1. Psychologist can help to design effective strategies to
promote sustainable practices.

2. Psychologist can Address the environmental issues.

3. Psychologist can Encourage the people for positive
interaction with natural environment.

4. Psychologist is helpful in identifying barriers to pro-
environmental behavior and developing intervention.

KEY ROLE OF A PSYCHOLOGIST:

» Understanding environmental attitudes and
perception.

» Understanding how people perceive environmental
issues, and their belief about climate change.

» Devise communication strategies to change the belief
system of public and their general perception.

DESIGNING EFFECTIVE COMMUNICATION
STRATEGIES:

1. Analyze the factors like denial, perceived lack of
control, or belief that individual action do not matters,
which can hinder the people from liking
environmentally responsible action.

2. Identifying psychological barriers to pro-environmental
behavior.

PROMOTE ECO-FRIENDLY DECISION MAKING:

Psychologists can guide policymakers in designing
policies and incentives that encourage sustainable choices

by leveraging insights on cognitive biases and social norms.

This includes strategies like framing messages effectively,
using default options, and creating social incentives to
promote proenvironmental behavior.

COMMUNITY ENGAGEMENT AND OUTREACH:

» Psychologists can facilitate community outreach by
organizing workshops that address environmental
issues, promote conservation efforts, and foster a

10 qu: 9 3ik-33  oiUTer, STerdd) A AW - 2025
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sense of collective responsibility.

» Through education and engagement,
they encourage sustainable behaviors and
active participation in environmental
initiatives.

NATURE BASED INTERVENTION:
Psychologists can promote the benefits
of spending time in nature through programs
like forest therapy. These programs, such as
Japan's forest bathing for school children,
help improve mental health and build a
stronger connection to the environment.

ASSESSING ENVIRONMENTAL-MENTAL HEALTH
NEXUS:

Psychologists can study how environmental
damage, natural disasters, and climate change affect
mental health. They can also develop strategies to help
people cope and build resilience.

SPECIFIC AREAS OF INTERVENTION:

* Risk Perception: Studying how visual landscapes, like
urban forests, influence people's emotions and
environmental awareness.

* Environmental Aesthetics: Using psychological
principles to promote conservation and protect
biodiversity through design and engagement.

ROLE OF AN ENVIRONMENTAL PSYCHOLOGIST:

* Encouraging Behavioral Change: Helping people adopt
eco-friendly habits.

* Promoting Environmental Solutions: Raising awareness
about sustainable practices.

* Fostering Pro-Environmental Behavior: Motivating
individuals to act responsibly toward nature.

* Re-evaluating Human-Nature Relationships:
Understanding and improving our connection with the
environment.

* Encouraging Sustainable Living: Supporting lifestyles
that reduce environmental impact.

* Creating a Better Planet: Ensuring a healthier and more
sustainable world for future generations.

URBANIZATION & HUMAN-NATURE
CONNECTION:

* Large-scale industrialization and urbanization have
negatively impacted the relationship between humans
and the natural environment (Soga & Gaston, 2015).

* The fast-paced modern lifestyle leaves little time for
individuals to enjoy a fulfilling life, making aging a
major concern, particularly in China and Korea. This
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shift affects people's attitudes, emotions, and

behaviors toward nature, creating a cycle of

disconnection. .
Kesbir and Kesbir (2017) found a decline in references

to nature in cultural products such as fiction, books,

films, and song lyrics since the 1950s, suggesting that

this trend may contribute to a reduced sense of .
curiosity, respect, and concern for nature.

ROLE IN ENVIRONMENTAL LAW ENFORCEMENT:  °

Assisting Law Enforcement & Forest Officials —
Providing psychological insights to police and forest
officers on investigation strategies, suspect behavior,

through joint initiatives, workshops, and cross-sector
partnerships.

Funding Limitations — Seeking diverse funding sources
such as grants, private sector sponsorships, and
innovative financial models like carbon credits or
green bonds.

Public Resistance — Utilizing behavioral science, social
marketing, and community engagement strategies to
encourage sustainable habits.

Psychological Impacts of Climate Change — Addressing
eco-anxiety through awareness campaigns, mental
health support, and resilience-building initiatives.

and effective interrogation techniques. CONCLUSION:

Legal Support & Court Proceedings — Preparing pre- * Expanding Opportunities: Psychology plays a vital role
sentence reports for courts and advising on the best in sustainability and conservation.

methods for interviewing suspects and cross- * Interdisciplinary Need: Collaboration with scientists
examining witnesses. and policymakers is essential.

Criminal Profiling — Utilizing psychological theories *  Behavioral Impact: How we think and act shapes the
and research to develop offender profiles, aiding in future of our planet.

tracking and apprehending wildlife criminals. *  Forensic Role: Psychology aids in addressing wildlife

Understanding Wildlife Crime Networks — Analyzing
how organized wildlife crime operates under
sophisticated supply chain systems, often rivaling
multinational businesses.

Global Impact & Interpol's Role — Addressing the
biodiversity, economic, and social threats posed by
wildlife crime, with international agencies like Interpol
playing a key role in dismantling these networks.

KEY CHALLENGES IN ENVIRONMENTAL
ADVOCACY:

Interdisciplinary Collaboration — Bridging the gap
between legal, scientific, and policy perspectives

Year:9 Issue-33, Bhopal, January to March - 2025
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offenses.

About Me

* Renowned Conservationist & Former IFS
Officer — Served in the Indian Forest
Service (1989 batch) for over 30 years.

* Expert in Forest Governance & Wildlife
Protection — Held key leadership roles,
including Principal Chief Conservator of
Forests (Protection), Madhya Pradesh.

* Acclaimed Author & Researcher —
Authored books on biodiversity, endemic
species, and indigenous knowledge.

* Continued Impact Post-Retirement —
Actively engaged in research, policy
development, and global conservation
advocacy.

* Visionary Leader in Sustainability —
Committed to preserving India’s natural
heritage through innovation and strategic
initiatives.
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HARNESSING THE POWER OF THE STARS
FUSION ENERGY FOR A SUSTAINABLE FUTURE

- Prabhakar A.R Bende

Scientists, environmentalists, and world leaders are
continuously focusing their attention on finding a
solution to the abatement of anthropogenic climate
change, resulting from the rapid rise in greenhouse gas
emissions, which are threatening the planet's
ecosystems.In the last century, our planet has undergone a
drastic rise in temperature, 1.1°C since the pre-industrial
period (1850-1900).Global carbon dioxide emissions from
fossil fuels and industry totaled 37.01 billion metric tons in
2023.Emissions are projected to have risen 1.08 percent in
2024 to reach a record high of 37.41 billion metric tons.
Since 1990, global CO, emissions have increased by more
than 60 percent. The major threats of climate change
include water conflicts, agricultural disruptions, increased
natural disasters, risks to critical infrastructure, economic
instability, widening inequality, public health threats,
resource-related geopolitical conflicts, and risks to the
planet's biodiversity.

The electricity and transportation sectors together
account for about half of the global emissions and that is
why the main focus is on transiting these two economic
sectors from fossil fuel to renewables to reach net zero.
With the correspondingcontribution of Coal, Methane,
Nitrous oxide and Fluorinated gases in total greenhouse
gases emissions as 76%, 16%, 6% and 2%, global warming
has started to exhibit its adverse impact across the globe.
The detrimental outcomesof climate change on different
sectors of society are increasingly visible globally. The
threat is expected to grow most likely in a nonlinear way
until the world achieves transitions to a net zero economy
which is one of humankind's greatest challenges.The
historic Paris Agreement (COP21) has set out a global
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framework to mitigate climate change by limiting global
warming to well below 2°C above pre-industrial levels and
pursuing efforts to limit it to 1.5°C. It marked the beginning
of a shift towards a net zero emission world.

To deal with these threats, governments and
organizations are constantly working to incorporate climate
resilience and adaptation strategies into their planning.
The transportation sector is quickly shifting to green fuels,
while the reliance on fossil fuels for electricity is declining
as renewable energy sources gain ground. Though existing
renewable energy resources are core elements to mitigate
climate change, they are not sufficient on their own. Solar
and wind energy have an inherent intermittent quality and
cannot substitute for baseload generation.Solar, Wind,
hydro and geothermal sources have seen substantial
growth over the period but they still account for about
one-third of global electricity generation, thereby forcing
reliance on fossil fuels for base load power requirements.
Nuclear fission power could serve as an alternative to fossil
fuels for reliable energy supplies, but it faces significant
challenges, including high upfront costs, lengthy
development timelines, geopolitical risks, and public
concerns about radioactive waste and safety. The inherent
limitations of nuclear fission technology make it less
attractive, highlighting the need for the development of
new technologies that are as efficient as nuclear fission to
meet baseload power requirements. This is where nuclear
fusion technology comes into play, although it is still in the
research and development phase.

Nuclear fusion technology holds the potential to
revolutionize energy production by offering a clean and
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Fusion vs fission

Nuclear reactions that produce massive amounts of energy,
but have different processes
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virtually limitless source of power with minimal
environmental impact. Unlike nuclear fission, which
powers current nuclear reactors through the splitting of
heavy atomic nuclei like uranium-235 or plutonium-239,
nuclear fusion generates energy by combining light atomic
nuclei into a heavier one, mimicking the process that
powers the sun. While fission produces long-lasting
radioactive waste that requires careful disposal, fusion
generates minimal waste, most of which has a much
shorter half-life. Additionally, the supply of nuclear fission
fuel is heavily influenced by geopolitical factors and
international sanctions, whereas fusion fuel, primarily
isotopes of hydrogen, is abundant and widely available
across the globe.

The concept of thermonuclear fusion was first
understood in the 1930s. In 1950, American physicist Ira B.
Bernstein described the necessity of a magnetic field to
create magneto-hydrodynamically stable conditions for the
fusion plasma. Since then, scientists and engineers have
been relentlessly pursuing the goal of harnessing fusion
energy for commercial purposes. While the Sun's massive
gravitational force naturally induces fusion, without that
force, a temperature at least ten times higher than in the
Sun is needed for the reaction to take place. On Earth,
temperatures exceeding 100 million degrees Celsius are
required to induce fusion between deuterium and tritium.
Simultaneously, it is necessary to regulate pressure and
magnetic forces to ensure stable plasma confinement.

The first successful controlled thermonuclear fusion
reactions in a laboratory were achieved in 1958 at Los
Alamos National Laboratory (LANL) of the United States
Department of Energy. Achieving the dream of commercial
fusion power has been the Holy Grail of engineering for the
last 80 years.A major breakthrough occurred on
5thDecember 2022, when scientists performing an inertial
confinement fusion (ICF) experiment at the National
Ignition Facility (NIF) at Lawrence Livermore, USA, achieved
producing more energy from the self-sustaining controlled
fusion reaction than was consumed to create it, with an
energy gain factor of 1.5. This is one of the most impressive
scientific achievements of the 21st century, as fusion could
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generate four times more energy from the same amount of
fuel than fission, and nearly four million times more energy
than burning oil or coal.Recently, France set a new record
by sustaining a fusion reaction for over 22 minutes,
surpassing the previous record of 18 minutes held by
China.

Fusion fuels, such as deuterium and tritium, are
derived from water and lithium, respectively. Deuterium is
abundant in water, while tritium is produced by irradiating
lithium-6 with neutrons. Additionally, tritium is also
generated as a by-product in both fission and fusion
reactions. This characteristic makes the fuel supply for
fusion potentially more sustainable, as tritium can be bred
directly within the reactor itself.

Fusion energy is considered vital for future climate
change strategies, as it holds the potential to provide
boundless, clean, and sustainable energy. Unlike fossil
fuels, fusion generates no carbon dioxide or other
greenhouse gases during energy production. This makes
fusion energy a promising alternative to fossil fuels,
offering the potential to significantly reduce greenhouse
gas emissions and play a key role in mitigating climate
change. As such, fusion energy could prove to be an
invaluable clean energy source.

Fusion processes produce significantly less
radioactive waste, with shorter half-lives, thereby reducing
the long-term environmental impact and challenges
associated with waste management. Fusion energy also
eliminates the risk of catastrophic accidents like
meltdowns, as the conditions required to sustain a fusion
reaction, extremely high temperature, pressure, and
confinement, are difficult to maintain, and the reaction
would quickly cease if these conditions are not met.
However, fusion reactions rely on powerful magnetic fields
to confine the hot plasma, and uncontrolled instabilities
remain a challenge. Additionally, tritium, a radioactive
isotope of hydrogen, presents significant safety and
environmental risks when handling and storing it, though
these risks are not as severe as those associated with
managing fission fuels. Therefore, continued research and
development are essential to address the potential risks of
fusion technology.It is important to note that despite
abundance of fuel, harnessing fusion energy on earth is a
complex technological challenge.

The simplified overview of how the fusion process is
managed in reactors like the Tokamak or Stellarator covers
five main stages: fuel preparation, creating extreme
conditions to initiate the fusion reaction, confinement
methods, the fusion reaction itself, and energy extraction.
These stages are briefly explained below:

Fuel Preparation : The most common fusion reaction uses
isotopes of hydrogen, deuterium and tritium. Deuterium
can be extracted from water, while tritium is produced
from lithium. There are substantial reserves of lithium on

Save Forest, Wildlife & Save Earth 13



How nuclear fusion works
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earth that could last for immeasurable period of time.

Creating Extreme Conditions : Hydrogen isotopes
must be heated to extremely high temperatures, exceeding
100 million degrees Celsius to initiate nuclear fusion. At
these temperatures, the gas turns into plasma, an
electrically charged state of matter where electrons are
separated from nuclei.

Confinement Methods: Magnetic confinement
uses powerful magnetic fields to contain and control the
hot plasma, preventing contact with the reactor walls,
whereas Inertial confinement utilises lasers or ion beams
to rapidly compress a tiny fuel pellet, creating the extreme
temperature and pressure conditions required for fusion.
Fusion Reaction : Under these extreme conditions, the
nuclei of deuterium and tritium overcome their natural
repulsion and fuse together. This reaction produces a
helium nucleus, a neutron, and releases a tremendous
amount of energy, mostly carried by the neutron.

Energy Extraction : The high-energy neutrons, generated
during the fusion process, escape the magnetic
confinement field and are absorbed by a surrounding
lithium blanket. The energy from the neutrons is
transferred to the lithium blanket, causing its temperature
to rise. This heat is then used to generate steam, which
drives turbines to produce electricity, mirroring the process
in traditional power plants.

The fusion reaction is achieved in
specialized reactors such as Tokamaks and
Stellarators. Both utilize powerful magnetic
fields to confine plasma in a donut-shaped
(torus) configuration, which facilitates the
fusion process. In Tokamaks, three sets of large
magnetic field coils are used: Toroidal field
coils, Poloidal field coils, and the Central
Solenoid. These coils work together to create a
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Torowdal field magnet

plasma. This design creates a complex, three-dimensional
twisted magnetic field that wraps around the toroidal
shape, eliminating the need for a central
current.Stellarators offer several advantages over
Tokamaks, including lower power requirements to sustain
the fusion reaction, greater design flexibility, and a reduced
likelihood of plasma disruptions. However, a significant
challenge for Stellarators is their difficulty in confining the
most energetic particles within the plasma, which are
essential for sustaining the fusion reaction. Scientists are
working diligently to address this issue and improve
Stellarator technology to make it a viable alternative.
Both Tokamaks and Stellarators are effective at maintaining
high temperatures and confining plasma, which are crucial
for achieving controlled fusion reactions. Tokamaks are
among the most common types of magnetic confinement
fusion devices, and much of the current research is focused
on them to achieve controlled nuclear fusion. However,
research into Stellarators is also gaining momentum.
Different designs are being explored worldwide to
overcome the technical challenges associated with
achieving net energy gain from fusion reactions. Each
reactor type has its own advantages and challenges, and it
is likely that a combination of various designs will pave the
way for successful commercial fusion energy.

The International Thermonuclear Experimental
Reactor (ITER), a flagship of intergovernmental
collaboration, is conducting a massive international nuclear
fusion research and engineering project involving the
European Union, United States, Russia, China, India, South
Korea, and Japan. The ITER organisation was officially
established on October 24, 2007, after all partners signed
the agreement. Based in France, ITER is an
intergovernmental scientific and engineering organization
responsible for designing, constructing, and operating the
reactor. This large-scale scientific experiment aims to
demonstrate the feasibility of fusion power as a large-
scale, carbon-free energy source. ITER will be the world's
largest experimental tokamak, with the goal of producing
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Tokamak Stellarator

1472

Ui fne

10 times more fusion power than the heat energy used to
initiate and sustain the reaction.

ALCATOR-C-MOD, a compact, high magnetic field
tokamak at the Massachusetts Institute of Technology
(MIT) Plasma Science and Fusion Center (PSFC), has
provided much of the research foundation for SPARC, the
world's largest near-commercial experimental fusion
reactor currently being developed by the U.S.-based start-
up, Commonwealth Fusion Systems (CFS). The SPARC
tokamak, a high-field compact fusion reactor, is designed
to be the world's first commercially viable fusion device,
aiming to produce more power than it consumes. The
SPARC reactor uses advanced high-temperature
superconducting (HTS) magnets, with 18 magnets, each
producing 20 Tesla. The success of SPARC is expected to
pave the way for ARC, a full-scale fusion power plant in
Virginia, USA, capable of providing significant grid-
connected power.

India is contributing to ITER and has been developing its
own domestic fusion program, focusing on tokamak
technology and fusion materials. Indian research
institutions, such as the Institute for Plasma Research (IPR),
have been central to advancing fusion science. The IPR
operates the ADITYA and SST-1 (Steady-State
Superconducting Tokamak) devices to experiment with
plasma confinement and heating. These initiatives
emphasize India's commitment to harnessing nuclear
fusion as a future energy solution. The emergence of the
domestic private sector, such as Anubal Fusion, a start-up
established in May 2024, also highlights India's growing
ambition to participate in fusion technology development.
Anubal Fusion has formed partnerships with prominent
institutions, including the Tata Institute of Fundamental
Research (TIFR) in Hyderabad and IIT Madras.

Two developments in the coming years could
mark a significant shift from the public to the private sector
in the quest to generate cheap and abundant clean power
from fusion. The first is the commissioning of SPARC, the
world's first near-commercial 140 MW experimental
tokamak, by the private firm Commonwealth Fusion
Systems (CFS), which is expected towards the end of 2025
or early 2026. Following the SPARC demonstration, CFS will
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proceed with the construction of ARC, the world's first 400
MW grid-connected fusion power plant, marking a major
milestone in the commercialisation of fusion energy. The
ARC fusion power plant is targeted to be commissioned by
the mid-2030s. The second development is the significant
delay in the opening of ITER, which was originally
scheduled to be ready by 2025. ITER has postponed its
timeline due to several reasons, including the pandemic,
which led to supply-chain and quality control delays,
component faults, and pauses in construction demanded
by the French Nuclear Regulator. As a result, the final stage
of the ITER project has been delayed from 2035 to 2039,
with a €5 billion cost overrun.

Fusion as a primary energy source by mid-century
is becoming increasingly possible. With recent
advancements in magnetic confinement and high-
temperature superconductors, the vision of harnessing the
power of the stars no longer feels like distant science
fiction. We may see the first commercial fusion power
plants emerge, but widespread adoption will depend on
sustained scientific and technological breakthroughs,
coupled with global investments and policy support. Until
then, other clean energy technologies are likely to continue
dominating the energy landscape.

As climate change accelerates, threatening
ecosystems and human life, the greatest challenge lies in
finding transformative solutions. Fusion energy stands as
one of the most promising breakthroughs on the horizon. It
offers hope for a cleaner, more sustainable future, a
potential game-changer in humanity's fight against climate
change.

Former Managing Director, MP Power Transmission
Company Limited & MP Power Generating Co. Ltd.
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SOIL TESTING AND ITS
METHODS: AN OVERVIEW

- Sukriti Gupta' Vaibhav Singh?

ABSTRACT:

Soil testing plays a pivotal role in modern
agriculture and land management, offering crucial insights
into soil health and fertility. This article provides a
comprehensive overview of soil testing, its significance,
various methods employed, and their applications. By
understanding soil properties, farmers and scientists can
make informed decisions about crop cultivation, land usage,
and sustainable practices.

Keywords: Soil, Soil testing. Soil testing methods

INTRODUCTION:

Soil is a fundamental resource for agriculture,
forestry, and environmental conservation. The composition
and health of soil directly influence crop yield, plant health,
and ecosystem balance. Soil testing, a systematic process of
analyzing soil's physical, chemical, and biological
properties, is essential for optimizing agricultural
productivity and maintaining environmental sustainability.

OBJECTIVES OF SOIL TESTING:

1. Determine nutrient availability.

2. Assess soil pH and acidity levels.

3. Identify deficiencies in essential nutrients.

4. Guide fertilizer application and land management
practices.

IMPORTANCE OF SOIL TESTING:

1. Improved Crop Yields: Soil testing helps identify
nutrient deficiencies and recommends specific
interventions.

2. Cost Efficiency: Reduces unnecessary expenditure on
fertilizers and other inputs.

3. Environmental Protection: Prevents overuse of
chemicals that can lead to soil degradation and water
contamination.

4. Sustainable Farming Practices: Promotes precision
agriculture and conserves natural resources.

METHODS OF SOIL TESTING:

Soil testing methods are broadly classified into
physical, chemical, and biological analysis. Below is a
detailed description of each category:

1. Physical Analysis:
Physical analysis assesses the texture, structure,
moisture content, and other mechanical properties of soil.

I. Soil Texture Analysis:
Hydrometer Method: This method determines the
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proportions of sand, silt, and clay in soil by measuring the
sedimentation rate of soil particles in a liquid.

Sieve Analysis: Soil is passed through a series of sieves
with varying mesh sizes to separate particles based on size.
Laser Diffraction: This advanced method uses laser
technology to measure the size distribution of soil particles
with high precision.

Leam

Loam

Fig 1: Example of Soil Texture Triangle

II. Bulk Density and Porosity:

Bulk density is measured by collecting a known
volume of soil and drying it to obtain the weight per unit
volume.

Porosity is calculated from bulk density and particle
density to estimate soil aeration and water retention capacity.

III. Soil Moisture Content

Gravimetric Method: Weighing soil before and after
drying at 105°C.

Tensiometer: Measures soil water tension in the
field.

Time-Domain Reflectometry (TDR): Uses
electromagnetic pulses to estimate soil moisture content
accurately.

2. Chemical Analysis
Chemical analysis evaluates the nutrient
composition, pH, salinity, and presence of contaminants.

I. Soil pH Testing

Colorimetric Methods: Using pH indicators or
strips.

Electrode-Based Methods: Using a pH meter with a
glass electrode for precise measurements.
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Table 1: Soil pH and its impact on crop growth.

S.no.| pH Range | Crop suitability Examples

1. 4.5-5.5 Acidic, low Tea, Coffee
productivity

2. 5.5-6.5 Slightly acidic, Wheat, Rice
optimal productivity

3. 6.5-8.0 Neutral to slightly | Maize, Barley
alkaline

II. Nutrient Analysis:
Macronutrients (NPK):

Nitrogen: Determined using the Kjeldahl method or
nitrate-specific electrodes.

Phosphorus: Analyzed using colorimetric methods
or spectrophotometry.

Potassium: Measured via flame photometry or
atomic absorption spectroscopy.

Micronutrients: Elements like iron, zinc, and
manganese are analyzed using atomic absorption
spectroscopy (AAS) or inductively coupled plasma (ICP)
spectroscopy.

Table 2: Different soil testing methods for macronutrients.

Parameter Testing method
Nitrogen (N) | Kjeldahl method
Phosphorus (P)| Spectrophotometry | Boosts root development
Potassium (K)

Impact on crop yield

Ensures healthy foliage

Flame photometry | Improves stress tolerance

III. Soil Organic Matter (SOM)

Loss-on-Ignition (LOI): Soil is heated to high
temperatures to measure weight loss due to organic matter
combustion.

Walkley-Black Method: A chemical oxidation
method using potassium dichromate.

IV. Salinity and Electrical Conductivity (EC)
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Fig 2: graph showing enzyme activity trends across soil samples

with varying organic matter
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Electrical conductivity meters are used to measure
the salinity of soil extracts, providing insights into soil's salt
content.

3. Biological Analysis
Biological methods assess microbial activity and
organic components crucial for soil health.

I. Microbial Biomass

Fumigation-Extraction Method: Estimates
microbial biomass carbon and nitrogen.

Soil Respiration Tests: Measure CO: release as an
indicator of microbial activity.

I1. Enzyme Activity: Assays for enzymes like
dehydrogenase, urease, and phosphatase reveal soil's
biochemical potential.

I11. Seil Fauna Analysis: Examining earthworms,
nematodes, and other organisms gives insights into soil
biodiversity and ecosystem health.

4. Field Methods of Soil Testing
While laboratory methods provide detailed results, field tests
are quick and cost-effective.

I. Portable Soil Testing Kits: Kits include reagents for pH,
nutrient, and salinity testing, offering immediate results.

II. Penetrometer Tests: Mecasure soil compaction and
strength, often used in construction and agriculture.

III.Remote Sensing and GIS: Satellite and drone-based
sensors analyze soil properties over large areas using
infrared and thermal imaging.

5.Advanced Soil Testing Techniques
With advancements in technology, several modern
methods have emerged.

I. Spectroscopy: Near-Infrared (NIR) and Mid-Infrared
(MIR) Spectroscopy: Provide rapid, non-destructive
analysis of soil organic matter and mineral content.

II. X-Ray Diffraction (XRD): Identifies soil mineral
composition and crystalline structures.

I11. Soil Metagenomics: Uses DNA sequencing to study soil
microbial communities and their functional potential.

IV. Automation and Al: Incorporating machine learning for
more accurate predictions.

V. Portable Devices: Development of handheld soil
analyzers for real-time testing.

VI. Integration with IoT: Linking soil testing data to smart
farming systems.

CHALLENGES IN SOILTESTING:

Accessibility: Limited testing facilities in rural areas.

Cost: High costs and technical requirements for advanced
methods.

Time: Physical and biological tests often take weeks.

Applications of Soil Testing

1. Agriculture: Guides fertilizer application and crop
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rotation strategies.

2. Land Reclamation: Assesses the suitability of degraded
land for restoration.

3. Environmental Studies: Monitors soil contamination and
pollutant levels.

4. Construction: Ensures the suitability of soil for
infrastructure projects.

S. Sector Benefits Key Metrics

no. Assessed

1. Agriculture |Improved crop yield, | Nutrients (NPK), pH,
cost saving salinity

2. Construction |Ensures foundation Bearing capacity,
stability compaction

3. Environmental| Reduces pollution, Organic matter,
restores health contaminants

Challenges in Soil Testing

1. Accessibility: Limited availability of testing facilities in
rural areas.

2. Cost: Advanced methods may be expensive for small-
scale farmers.

3. Variability: Heterogeneous soil properties can lead to
inconsistent results.

Case Studies
1. Agricultural Application: Punjab, India

Soil testing revealed nutrient deficiencies and high
pH in rice-wheat cropping systems. A shift to balanced
fertilization reduced fertilizer use by 20% and increased
yield by 15%.
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Fig 3:Bar chart showing the decrease in fertilizer use and
the corresponding increase in crop yield.

2. Urban Development: Dubai, UAE

Soil bearing capacity and salinity were assessed
for the BurjKhalifa foundation. Testing identified high
salinity levels, prompting special foundation treatments.
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Table 4: Soil Properties in Dubai Construction Sites

S.no. | Parameter Value Remarks
1. | Salinity (EC) 8.0 dS/m Requires remediation
Bearing capacity [250 kN/m® | Suitable for high- rises
3. Bulk density 1.6g/cm’ Moderate compaction
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3. Environmental Restoration: Mississippi River Delta,
USA

Soil testing in the Delta guided the application of
organic amendments to restore wetland ecosystems.
Contaminants like heavy metals were reduced, improving
biodiversity.

CONCLUSION:

Soil testing is an indispensable tool for sustainable
land management and agriculture. By employing a
combination of traditional and advanced methods,
stakeholders can enhance productivity, reduce
environmental impact, and ensure long-term soil health.
Expanding accessibility and adopting modern technologies
will further empower farmers and researchers.
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MAHUA (MADHUCA LONGIFOLIA)
A MULTIPURPOSE TREE SPECIES OF INDIA:
A REVIEW

- Nitish Kumar' Rahul Kumar® Kumud Dubey’

ABSTRACT

Mahua (Madhuca longifolia ), a vital
multipurpose tree species native to India, holds significant
ecological, economic, and cultural importance. Widely
distributed across tropical and subtropical regions, it thrives
in arid and semi-arid zones. Mahua is renowned for its
diverse uses, including edible flowers for food and
beverages, oil-rich seeds for culinary and industrial
purposes, and timber for construction. The tree also serves
as a critical source of fodder, benefits include soil
conservation, carbon sequestration, and enhancement of
biodiversity. Mahua plays a central role in tribal
communities, particularly in India, where its products are
integral to local economies and traditions. Despite its
potential, overexploitation, habitat loss, and climate
challenges threaten its sustainability. This review highlights
the multifaceted utility of Mahua, emphasizing the need for
conservation strategies and sustainable utilization to
balance its ecological and economic significance.
Keywords: Edible Flowers, Climate Resilience, Rural
Economy, Oil extraction, Tribe & Medicinal.

INTRODUCTION:

Mahua (Madhuca longifolia ), a tropical tree
species native to India, holds immense cultural, ecological,
and economic significance. Belonging to the family
Sapotaceae, it is widely distributed across central and
northern India, particularly in dry and semi-arid regions.
Known as the "Tree of Life" in many tribal and rural
communities, Mahua is valued for its diverse uses and
resilience to harsh climatic conditions The Mahua tree
grows to a height of 15-20 meters and is characterized by a
dense, spreading canopy, making it an effective shade tree.
Its adaptability to various soil types, including marginal and
degraded lands, contributes to its importance in
afforestation and soil conservation efforts. The tree's
multipurpose utility is primarily attributed to its flowers,
seeds, and wood. The fragrant, fleshy flowers are rich in
sugar and are traditionally used to prepare local beverages
and sweets. Additionally, they serve as a vital source of
nutrition and income for tribal communities. Mahua seeds
yield a high-quality oil, which is used for cooking, making
soaps, and producing biofuel. The residual seed cake is an
excellent organic fertilizer. Mahua wood, though not highly
durable, finds application in making furniture, construction
materials, and fuel. The tree's bark and leaves are utilized in
traditional medicine to treat ailments such as skin diseases,
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ulcers, and rheumatism. Moreover, Mahua plays a crucial
role in supporting biodiversity, providing food and habitat
for a range of wildlife species. In the context of sustainable
development, Mahua offers a viable solution for rural
livelihoods, energy security, and ecological balance. Its
cultural and economic relevance underscores the need for
conservation and promotion of this remarkable tree species
in agroforestry and reforestation programs across India..

AREA AND PRODUCTION:

Mabhua is a frost resistant species that can grow in
marginal areas of dry tropical and subtropical forests up to
an altitude of 1200-1800 m, in India. It requires mean
annual temperature of 2-460 C, mean annual rainfall
ranging from 550-1500 mm and mean annual humidity
from 40-90 percent. Mahua trees are distributed from India
to other Asian countries like The Philippines, Pakistan, Sri
Lanka to Australia. It can be found scattered in pasture
lands in central India, and on river banks in semi-evergreen
forests. In India, large quantities of Mahua trees are found
in the states of Uttar Pradesh, Madhya Pradesh, Orissa,
Jharkhand, Chhattisgarh, Andhra Pradesh, Maharashtra,
Bihar, West Bengal, Karnataka, Gujarat, Rajasthan and the
evaluated annual production of Mahua flowers is 45000
Million tonnes. The yield of Mahua flowers varies from
80-320 kg for every tree. Madhya Pradesh is the most
astounding Mahua developing state with average trade
volume of 5,730 metric tonnes and worth about Indian
rupees 8.4 million (Behera et al., 2016).

CLIMATE AND SOIL:

Mabhua prefers tropical climate. It can withstand
drought admirably. This tree does not survive under
waterlogged conditions. Since it is a very hardy tree, it can
grow even in pockets of soil between crevices of barren
rocks. Trees even grow on degraded rocky areas including
salt- affected soils. However, for its better growth and
productivity, well drained, deep loam soil is ideal.

CULTIVATION AND COLLECTION:

This is a wild tree so at present it is not cultivated
intentionally and naturally found in nature,but nowadays
there is a strong need to cultivate this plant and make
necessary changes in its genetic structure to make it more
useful for commercial purpose. The application of scientific
knowledge and agriculture tools is much needed to make
this plant more disease resistant and more flowering along
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Table-1Constituent Present different Parts of Mahua.

Plant

Part Phytoconstituents

Bark | Flavonoids,Triterpene, Sterol

Table-2 Traditional uses of Mahua in India.

Leaf | Moisture,Organic Matter,Minerals, Potash (K,0)
PhosphoricAcid(P,0;)
Silica,Alkaloids,Flavonoids,ProtobasicAcid

Plant Parts Medicinaluses References
Bark Antidiabeticactivity KumarandVidhysagar,2011
Flower Analgesicactivity Chandra,2001

Leaves & bark | Woundhealingactivity Sharmaet al., 2010

Latex | SolubleResin, InsolubleResin

Leaves Nephroandhepatoprotectiveavtivity,  Palaniet al., 2010
antioxidantandcytotoxicactivity

Leavesandstem| Antimicrobial activity Khond et al., 2009

Flower| Carotene, AscobicAcid, Thiamine,
Riboflavine, Niacine, Folic Acid, Biotine,
Inositole

Moisture, Protein, Fat, Carbohydrates,
Minerals,Calcium,Phosphoras,iron,
Carotine ,Ascorbic Acid, Tannins

Mature
seed

Seeds Effectivetoalleviatepain Prashanthand Annsmpelli,
2010
Seedcake Anti-inflammatory,antiulcer,and Seshagiriand Gaikwad, 2007

hypoglycaemicactivity

with the enhancement of chemical constituents. The
cultivation of Mahua should be done on either wild land
for better availability of constituents and its seeds should
be spread in the farming areas for the future collection of
flower, unripe, and ripe fruits may become easier.
Cultivation is generally done in the month of July to
September and generally, flowering takes place in March
and April. After this time, the flower converts into fruit
which is also useful in both unripe and ripe conditions.
Although every part of Mahua plant is useful, flower, fruit,
seeds oil, and seed cake are more important (Patel et al.,
2019).

USE OF MAHUA AS A FOOD:

* Raw consumption of Mahua: In spite of being a rich
source of nutrition and easyavail ability in the rural
areas these flowers are not very popular as food. Only a
small quantity of flowers is consumed raw, cooked or

-
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fried in different parts of India.

» Utilization of Mahua for processing of different food

products Sugar syrup: Abhyankar and Narayana, 1942
reports on preparation of sugar syrup from dry Mahua
flowers, which can be further use as a sweeting agent in
different food products.

« Jam, Jelly, marmalade, pickle: Reuther er al., 1967

reported that mature (full grown) but still unripe fruits
are made into jam with addition of citric acid. The pulp
is also converted into marmalade or syrup, which is
used as food material. Jelly is also made from the pulp
alone or combined with guava to modify the astringent
flavour. The pulp is also pickled. Major quantity of
flowers is used in the preparation of distilled liquors.
Patel, 2008 prepared the Mahua jam and jelly byusing
fresh flowers. The developed products were tested for
their colour, flavour, taste, texture and overall
acceptability, using hedonic test. According to the
findings of hedonic test all the developed Mahua
products were found to be highly acceptable.

—

Fig 1. Observing the Mahua Plantation in Chitrakoot.
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¢ Bakery and
confectionary: Candy,
biscuits and cake were
prepared using the Mahua
concentrate as a liquid
sweetener.

e Puree and sauce: Patel,
2008 used fresh flowers
and crushed it into puree
(after manually removing
the stamens) and processed
it into sauce.

R, T
Fig 2. Measuring the Diameter
of Mahua Tree.

Nutritional and Medicinal
Use:

The Mahua tree is
having lots of nutritional value in it. It produces fruit which
is valued forits seed which yield high quantity of fat
commercially known as Mahua butter or mowrah butter,
many edible and medicinal applications and it is also used
as a biodiesel. Its fat has been used as substitute for cocoa
butter and ghee. It is one of the single largest sources of
natural hard fat. The fat which is thus obtained from Mahua
fruit oil is used in cooking,frying and manufacturing
chocolates. The seed fat has emulsion propertyso it
mostlyused as an emulsifying agents in few pharmaceutical
industries. It is generallyapplied as massage oil in many
part of the country, as it is very good to moisturize skin.
Besides edible and medicinal uses, Mahua has industrial
application as it can be utilized in the manufacture of
laundry soaps and lubricants. Moreover, the seed cake is
reported to have insecticidal and pesticide property and
used as organic manure in crops like rice, sugarcane etc.
Themedicinal propertieswhich areseen in this plant
arestimulant, demulcent, emollient, heating. Skin disease,
rheumatism, headache, laxative, piles, and sometimes as
galactogogueastringent and many more. Review of
literature based on chemical composition of mahua flower
reveals its high nutritional value. Apart from being a rich
sours of sugar and protein, the flowers also contain
essential minerals like Ca, p, Fe, and K. Calcium is a major
component of the bone and assists in teeth development
phosphorus is next in importance to calcium as utilization
of Ca is closely related to it. Most of the Calcium in the
body is deposited as the calcium Phosphate (Bisht ez al.,

2018).

Table-3 Nutritional properties of Mahua flower.
(Source:Kureel et al.,2009).

Constituents

Moisture 19.8
Protein 6.37
Fat 0.50
Totalsugar 54.06
Calcium 8.00
Phosphorus 2.00
Ash 4.36

Year:9 Issue-33, Bhopal, January to March - 2025

Tree-Borne Oil seed Mahua:

Seeds of many tree species contain high levels of
oil and their use for bio-energy generation has been a topic
of interest for long (Raina, 1986). Mahua oil is also edible
and is used by tribal communities. All the TBOS are
multipurpose in their utility, making them what is desired
for agroforestry systems. However, caution is necessary in
assessing whether all the uses will be realized at the same
time.

Mahua seed oil:

Mahua seeds contain about 40% pale yellow semi-
solid fat. The seed oil is commonlyknown as “Mahua
Butter”. The oil content of the seed varied from 33 to 43%
weight of the kernel. Fresh Mahua oil from properly stored
seeds is yellow in colour with a not unpleasant taste. The oil
is used as cooking oil by most of the tribes in Odisha,
Chbhattisgarh, and Maharashtra etc.

Other common uses of Mahua:

* Fodder: Leaves, flowers and fruits are lopped for goats
and sheep. Seed cake is also fed to cattle.

¢ Timber: The heartwood is reddish brown, strong, hard
and durable; very heavy (929 kg/cu. m), takes a fine
finish. It is used for house construction, naves and
felloes of cartwheels, door and window frames.

* Shade or shelter: The wide spreading crown provides
shade for animals.

* Reclamation: Mahua is planted on wasteland with hard
lateritic soils in India.

* Erosioncontrol:Mahua has a larges preading super
ficial roots ystem that holds soil to gether.

e Nitrogenfixing: Vesicular-arbuscularmy corrhizal
associations and root colonization have been observed
in Mahua.

e Soilimprover: These edcakehasbeenusedas fertilizer.

* Ornamental: Mahuaisoccasionallyplantedas
anavenuetree.

* Boundary or barrieror support: It is planted a long

ME &MY EARTH
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the boundaries of fields.
* Intercropping: Mahua can beraised with a gricultural
crops.

Conclusion:

Mahua (Madhuca longifolia), a vital multipurpose
tree species indigenous to India, plays a significant role in
rural livelihoods, ecological sustainability, and cultural
practices. Revered for its economic and ecological benefits,
the tree provides a diverse range of products, including
edible flowers, oil-rich seeds, timber, and fodder. Its
flowers serve as a crucial source of food and income for
tribal and rural communities, especially during lean
seasons. The seed oil, widely used in cooking, cosmetics,
and medicinal preparations, further underscores its utility.
Ecologically, Mahua contributes to biodiversity
conservation, soil fertility, and carbon sequestration,
making it an essential component of agroforestry and
afforestation initiatives. Its drought resistance and

adaptability to degraded soils enable it to thrive in semi-arid

and arid regions, supporting sustainable land use.
Moreover, its cultural significance, particularly in tribal
rituals and traditional medicine, reflects its deep-rooted
connection to India's heritage. Despite its immense
potential, Mahua remains underutilized due to inadequate
market infrastructure, policy support, and awareness about
its benefits. Challenges such as deforestation, habitat loss,
and overexploitation threaten its sustainability. To harness
its full potential, concerted efforts are required, including
scientific research, value chain development, and
community engagement. Promoting Mahua-based
enterprises can provide livelihoods and ensure its
conservation for future generations. In conclusion, Mahua
stands as a testament to nature's abundance, offering a
sustainable pathway for economic, ecological, and cultural
development. Strengthening its role in rural development
and ecological conservation will pave the way for a more
resilient and sustainable future.
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INTRODUCTION TO AGROFORESTRY:
A SUSTAINABLE APPROACH TO PEST MANAGEMENT

- Ashirwad Tripathy', Anshu Kumari’

Introduction

Agroforestry is a traditional land-use practice
that integrates trees and shrubs into agricultural
landscapes. The intensification of agriculture has led
to a shift from polycultural systems to spatial and
temporal monocultures. This transformation has
caused significant biodiversity loss due to the
destruction of forests and extensive monoculture
practices. High-yielding crop varieties have introduced
genetic uniformity, exacerbating pest problems. For
example, cotton crops suffered extensive damage
from pests like Heliothisarmigera and Bemisiatabaci
with the introduction of high-yielding varieties and
expanded cotton cultivation (Sundaramurthy, 1992a).
Currently, there is a growing emphasis on sustainable
pest and herbage management. Over the past
decade, agroforestry has gained recognition as an
eco-friendly management practice, especially
beneficial for smallholder farmers. This approach
addresses soil erosion and declining soil fertility
issues while providing fodder and fuelwood.
Additionally, agroforestry offers multiple outputs,
including animal, crop, and tree products, contributing
to a more resilient and sustainable agricultural
system.

Pest Status in Agroforestry

Diversified ecosystems tend to have lower
pest populations compared to monoculture systems.
While the insect fauna present on a crop or tree
species may be similar regardless of whether they are
grown in monoculture or polyculture, the intensity of

Primary Interactions

pest infestations can differ. Monocultural fields are
more easily detected and colonized by pests, whereas
plant diversity in polycultures results in fewer potential
hosts for any given pest, leading to reduced overall
colonization of crops.

In agroforestry systems, plant—insect
interactions can be categorized as primary or
secondary. Primary interactions occur when tree and
crop species share pests or their natural enemies.
Secondary interactions happen when one plant
species affects the survival and growth of pests and
their natural enemies on another plant species. (refer
to fig 1) For example, pests such as cutworms, white
grubs, termites, grasshoppers, and crickets have been
reported to feed on multiple tree and crop species.

Positive Interactions in Agroforestry

> Physical and Chemical Barriers: Trees can serve
as physical or chemical barriers against pests. For
example, maize in a maize/apple agroforestry
system saw reduced attacks from Macrodactylis
sp. (Altieri et al., 1987).

> Attracting Predators and Parasites: Intercropping
attracts more predators and parasites compared
to monoculture. In China, intercropping rice with
pond cypress trees increased spider populations
in rice fields, reducing brown plant hopper
numbers

> Niche Diversity and Complexity: Agroforestry
systems have greater niche diversity and
complexity than monocultures, leading to fewer
pest problems (Stamp et al., 1998; )
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Fig 1:Plant- Insect Interactions

Year:9 Issue-33, Bhopal, January to March - 2025

ME &MY EARTH

Save Forest, Wildlife & Save Earth 23



Several mechanisms contribute to this:

>

>

>

Variable Host Plant Distribution: Pests find it
harder to locate host plants.

Trap Crops: Highly attractive plants act as 'trap-
crops,' protecting economically valuable species.
Repellent Plants: Certain plants repel pests,
deterring them from other nearby plants.

Natural Enemies: Higher plant diversity boosts
predator and parasitoid populations, increasing
natural pest control.

Interspecific Competition: Competition between
pest and non-pest species limits pest spread.
Enhanced Pest Regulation: Agroforestry can be
managed to enhance pest regulation by providing
food sources for parasitoids and sites for mating
and resting (Stamp et al., 1998).

Structural and Microclimatic Diversity: Trees
contribute to structural and microclimatic diversity,
providing alternate food sources and stable
refuges for beneficial organisms. This is
particularly valuable after crop harvest when pest
populations are naturally reduced (Schmidt and
Tscharntke, 2005).

Negative Interactions in Agroforestry

>

>

Microclimate Alteration: The presence of woody
components in agroforestry systems changes the
microclimate, including temperature, relative
humidity, and solar radiation interception. These
changes can directly influence pest intensity,
particularly sucking pests.

Year-Round Shelter and Food Sources: Trees
provide shelter and alternative food sources
throughout the year, which can sometimes

Waming systems,
forecasting

Decide if
intervention
is needed

Monitoring
of pests and
diseases

Habitat
management,
resistent crops

Biological

Chemical el

increase pest problems. For example, in Jhansi,
India, Acacia tortilis trees used as border plantings
led to increased blister beetle damage on
accompanying pulse crops. This was due to the
synchronization of flowering, with beetles feeding
on both the trees and crops (Shanker, 1999).

Integrated Pest Management in Agroforestry

A well-designed agroforestry system with carefully
selected components can deter pests and promote
natural enemies. Here are several strategies for
effective pest management in agroforestry (refer to fig

2)

>

>

Preventive

Based on economic tresholds with
. \
decision support systems

mechanica:@

intervention

/

Physical o

Cultural Control/Management Practices: Selecting
tree and crop components that do not belong to
the same botanical taxa helps maintain pest
balance and avoid cross-infestation. For instance,
Leucaena planted as a hedge with maize,
cassava, and upland rice exhibited reduced psyllid
damage (Parera, 1998).
Resistant Varieties: Growing pest- and disease-
resistant varieties within an agroforestry system
can significantly reduce pest loads. However,
breeding trees for pest resistance remains an
under-researched area.
Mechanical Control: Trees often serve as shelters
for adult pests. Mechanically collecting pests can
significantly reduce their numbers and the cost of
insecticides. For example, the mechanical
collection of white grub adults from Prosopis
specigera trees was found to be both cheap and
effective in a pearl millet cropping system,
compared to soil-applied insecticides (Kumawat
and Yadava, 1990).
> Physical Control:
Various traps are
used by
entomologists and
pest managers to
monitor and mass-
trap adult pests.
Yellow sticky traps
effectively catch
weak-flying adults of
sucking pests, such
as aphids and
whiteflies. Light traps
can mass-trap
Calopeplaleayana, a
defoliating beetle of

™,

Weeding, pruning, traps

. ;
control - Gmellr)a a_rborea,
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Fig 2:Steps of Integrated Pest Management
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isolated, and commercially produced for many
forest and crop pests. Pheromone traps help
monitor and trap pests like Heliothisarmigera,
which infest both trees and crops.
Semiochemicals also attract predators and
parasitoids of pests (Ananthakrishnan, 1995).

> Biological Control: Natural enemies are most
successful in stable forest ecosystems, keeping
over 90% of arthropod herbivore populations
below outbreak levels. Agroforestry, resembling a
stable natural ecosystem, can augment and
conserve these natural enemies. For example, the
parasitization of the gram pod borer,
Heliothisarmigera, by the hymenopteran
parasitoidCampolitischloridea was higher when
grown with bamboo (Dendrocalamusstrictus)
(Chitra, 1997).

Conclusion and Future Directions

Agroforestry presents a sustainable and eco-
friendly approach to pest management by integrating
various strategies to control pests and enhance
biodiversity. Effective pest management in
agroforestry systems involves a combination of
cultural, mechanical, physical, and biological controls,
as well as the use of semiochemicals and botanical
pesticides.

For future practices, further research is
needed in breeding pest-resistant tree varieties and
understanding the complex interactions within
agroforestry systems. Implementing well-designed
agroforestry systems can lead to more resilient and
sustainable agricultural practices, benefiting both
farmers and the environment.

References

Chitra Shanker, 'Pest problems in agroforestry', Annual
Report, National Research Centre for Agroforestry, India,
1997-1998

M.A. Altieri, F.J. Trujillo and J. Farrell, 'Plant-insect
interactions and soil fertility relations in agroforestry
systems: implications for the design of sustainable
agroecosystems', in H.L. Gholz, ed, Agroforestry: Realities,
Possibilties and Potentials, Dordrecht, Martinus Nijhoft/
ICRAF, 1987.

Year:9 Issue-33, Bhopal, January to March - 2025

ME &MY EARTH

S.R. Kumawat and C.P.S. Yadava, 'Comparative impact of
white grub control through different strategies and methods
in a bajra cropping system’, Indian Journal of Entomology,
Vol 52, No 3, 1990, pp 384-386.

Schmidt, M. and T. Tscharntke, The role of perennial
habitats for Central European farmland spiders. Agriculture,
Ecosystems and Environment, 2005. 105(1-2): p. 235-242.
Stamps, W.T. and M.J. Linit, Plant diversity and arthropod
communities: Implications for temperate agroforestry.
Agroforestry Systems, 1998. 39: p. 73-89.

T.N. Anantha Krishnan, D.S. Wesley and A.J. Peter, '
Kairomonal influence in Acacia nilotica as signals for
efficient parasitisation by Sinophorusphycheae on the bag
worm Eumetacramari’, in T.N. Ananthakrishnan, ed,
Biological Control of Social Forest and Plantation Crop
Insects, Oxford and IBH Publishing Co Pvt Ltd, New Delhi,
1995.

V. Parera, 'The different effects of Heteropsyllacubana
infestation on two Luecaena based land use systems’,
Luecaena Research Reports, Vol 9, 1988, p 19.

V.T. Sundaramurthy, 'Upsurgence of white fly
BemesiatabaciGenn. in the cotton ecosystem in India’,
Outlook on Agriculture, Vol 21, 1992a, pp 109-115.

Forest Research Institute ICFRE-Eco
deemed to be University, Rehabilitation Centre,
Dehradun Prayagraj.
Save Forest, Wildlife & Save Earth 25



KAZI_TRIP_TRAVELOGUE

-Dr Chandrashekhar Niyogi

Even before we reached the main gates, we caught sight
of a lumbering grey mass at 9 o clock & another about
70 yards behind. We were breathtakingly to catch our first
sighting of the Great One Horned Rhino. We were viewing
the marshy fields of Kaziranga National Park & Tiger
reserve on the eastern wing of Assam, a UNESCO world
heritage site. Having toured a number of Tiger reserves our
wishful thinking was to see the Great One Horned Rhino.
We had an unsuccessful attempt at “Jaldapara National
Park' even after gypsy & elephant rides. We were
determined & hopeful on this trip & wished to see these
gentle giants who are now numbered over 2500 at
Kaziranga.

As necessity would have it, my family tried
fervently to come to a common program, but slipped up
again & again. Elder son Dr Rajaskhekhar is working with
an NGO, based at Pune, working on Human Elephant
conflict in M.P. He is also touring south India, at Nagarhole
& Kali Tiger Reserves, exploring possibilities for the same.
Younger son Vijayshekhar, A.P. in Bio-technology at a
renowned Institution was the safest bet. He had managed
his vacation in the Christmas — New Year period
methodically. Wife Dr Krishna principal of a C.B.S.E. school
assured us she would be available in the same time. |, a
doctor with N.H.M. M.P. squeezed in the few days with
grant of superiors.

Our contact in Guwahati was Col Dr Sajal Sen,
engaged presently in designing a new-tech hospital with
association of IIT Guwahati. Train timings were not exactly
convenient & flights touching New Delhi in this season
were ruled out. The only option was a road trip, which,
though exhausting, held the promise of discovering new
places & peoples. It was decided that the three of us, sans
Raja, would make the road trip while he would arrive &
depart by flight.

On the chilly morning of 24.12.'24, we set out
with our Cabbie, Hemant in his spotless white Swift Desire.
We commenced our trip after prayers & making the
auspicious 'Swastik' on the vehicle. The powerful engine
ate up the miles as we caught sight of Ma 'Sharda Devi' hill
at Maihar, beyond Katni. Routing now towards Rewa we
crossed the division headquarters & broke for lunch at a
garden resort. Not much to speak of but provided an
excellent cuisine in a green ambience. We pushed further
on to cross to U.P. over Mirzapur, the fabled land of
carpets, to reach Buxar, known as mini Kashi, on the banks
of the Ganges.

Buxar's first cut impression was the distinctive
'‘Bhojpuri' dialect & the stalls of 'Litti Chokha', a delicious
dish said to be savoured by Sri Ram himself. The city has
left an indelible print in Indian history, made by the 1764
'‘Battle of Buxar'. The British, led by Major Munro defeated




a larger combined opposition of Indian states, to
stamp British authority in eastern India. The
name Buxar is said to be derived from
'Vyaghrasar', a holy tank which is said to hold
many magical powers.

As a largely sleepy town we could bunk
easily in a centrally located lodge which excelled
itself with courteous behavior & a very palatable
dinner. With a few generous pots of steaming tea
we managed to hit the road early & made for
Siliguri the ancestral home of my maternal in-
laws. My wife had spent most vacations there &
was really looking forward to meet her uncles &
aunts.

Bye-passing Patna, through Chhapra, we
arrived at Muzaffarpur, a city of myriad cultures &
cuisines: here people spoke Hindi, with touches
of Urdu & Maithili. The famed 'Maghai' betel leaf’
along with 'Litchi' fruit have earned Muzaffarpur
the G.I. tag. The real Indian versions of 'Momos'
are served here, made from rice flour & lentils
served with a curried paste, called 'Dal-peetha’.
The famous & delicious 'Champaran Handi
Mutton' is originally a product of this region.

We were to reach Siliguri, twin
counterpart city of Jailpaiguri, on Christmas.
Christmas is celebrated with much pomp & fervor
in all major cities of West Bengal. To reach our
destination we faced many traffic diversions to
accommodate the cheerful multitude. The place
was alive with Santa dresses, & houses, chapels'
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previous occasion we had made Siliguri our hub &
spoked out to Darjeeling, 'Jaldapara National Park,
Sikkim & the Natu-la pass on the Old Silk Route
connecting China. From here onwards towards
Guwahati we were to experience a vast difference in
people, cultures, cuisines & geography. We had left
behind the vast Indo-Gangetic plains & were now in
the confines of the Himalayan foothills.

After a scratch breakfast with Darjeeling tea &
packed stuffed flatbreads we set off for Guwahati.
When we broke for tea we discovered that the
Assamese preferred to speak Hindi over Bengali,
which is actually quite similar. We arrived at
Bongaigaon in time for lunch & were introduced to
another variation of cuisine. One is supposed to order
a 'Rice-plate’ with fish or chicken & are treated to a
host of complimentary dishes, which included lentils,
a gravy vegetable, some fritters, a leafy vegetable
preparation & a paste of some herbs; overall a
delicious meal.

Guwabhati is a pulsating vibrating city on the banks
of the Bramhaputra, the flagship of North east India; a
bustling business centre & educational hub hosting
the A.LLI.LM.S. & the I.L.T. The city reflects a fusion of
religion, culture & nature. Apart from the Himalayas,
the Shivalik range, locally called the 'Cachar' or
'Churia’ hills, dominate the north-eastern skyline. Our

churches & streets bursting with colour in every direction.
Trans-street lightings were a real spectacle to watch.

My maternal in-laws home housed coconut trees
the produce of which was commercially managed. Also
within the campus were plants of 'Bay' leaves & trees
whose bark is separated as 'Cinnamon'. We settled down
among greetings & were served traditional food, snacks &
Darjeeling tea. The notable change in diet now included
the distinctive spices of the region, mainly Mustard whose
numerous lemon yellow & ochre fields we had passed on
the way.

Inclusion of a variety of fish & lobster prawn
dishes were a gourmet's delight. Darjeeling tea & its
variants were lovely, served as liquor or with milk & had a
grand delectable fragrance. 'Veiled' potato or radish fritters
were a treat where the vegetables are so sliced to
resemble a 'Net' or 'Veil' & marinated with curds before
frying.

Siliguri is a hill station on the banks of the river
Mahananda from where we could catch a glimpse of
Kanchanjunga from the rooptop of our lodging. Siliguri has
been labeled as the 'Gateway to the North East'. On a
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friend Col. Dr Sajal Sen & our hostess Mrs Mona Sen were
ready to welcome & accommodate us; elder son Dr
Rajashekhar had arrived earlier from Pune & we were set
for a grand rendezvous. 4

Pleasantries & notes exchanged we settled down
to a relaxing evening with a few top-ups & a fusion of
sumptuous ethnic & continental cuisine. Incidentally
Boxing Day is my birthday & we all enjoyed the ceremonial
cake. We had a late night drive in their 'Thar' in the broad
streets & witnessed the local nightlife of fast bikes &
colourful Assamese youth.

After boiled eggs, omelettes, buttered toast &
cheese, topped with a generous flask-full of Assam
granules tea, my family set out for Kaziranga. Col. Sen had
arranged an Innova for our Guwahati — Kaziranga circuit &
we were to meet our tour operator, Biju Hazarika, at a
junction called Nagaon. Biju led us to our nesting, a cozy
'Naturalist's Hideaway' homestay where we refreshed.
Next we had lunch at 'Bankahi', a typical Assamese eatery
where we enjoyed the 'Rice-plate’ with fish &
chicken

Soon we were to enter a vast football sized field
which led to the check & entry gate to the park. The
numerous Gypsys seemed unorganized but soon fell into

order, like the table-shuffling of cards. Efficiently our
bags & purses were checked & contraband like
cigarettes & lighters removed. Within ten minutes into
the park we came upon our first sighting, two hog deer
gently grazing. Hog deer form the majority of the
ungulates in the region. Many different kinds of birds
were gently picking up grubs. We stopped to feed our
senses the serenity of the park where the marsh lands
rolled on to the tall grass & the hills beyond.

Our tour operator, guide & Gypsy driver Biju was
very vocal & spread on us his knowledge & experiences,
spanning two decades. We were to know that the park
area was approximately 440 sq kms bounded by the
rivers Bramhaputra in the north-east & the Mora Diphu
in the south. The small park (Kanha tiger reserve, core &
buffer, is 2000 sq kms) teemed with a vast array of
wildlife. It is an epitome of conservation initiatives &
known as a biodiversity hotspot. A UNESCO world
heritage site, the status of National Park & Tiger reserve
& harsh punishment for poaching of rhinos, enhanced
the conservation practices.

We were on the lookout for a better view of the
great one-horned rhinoceros, the U.S.P of Kaziranga.
The park is home to about two-thirds of the Indian
rhino population saved & bred by zealous protection
initiatives. The rhino was largely hunted for its horn
believed to have virility powers. The horn is just
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solidified hair made of keratin, which crumbles under the
knife & cannot be carved like ivory. We were scanning the
marshy meadows when the guide pointed out 'Hathi..!".
Our heads turned to three-o-clock & saw some massive
pachyderms as they moved into the high grass. Their backs
were towards us & we could estimate roughly six wild
elephants bringing up the rear of the herd.

The 'Hard ground Barasingha' is native only to
M.P. but here we were to witness the real 'Swamp Deer'
Barasingha, adapted to marshy pastures. Their cousins in
M.P. have a lighter
tawny coat, almost

was closer, at about thirty meters & | believe we disturbed
the animal. It stopped grazing & we thought we made eye
contact. Presently after ascertaining that all was well, it
continued grazing but Biju had managed to capture a well
framed picture. Soon after we moved on as the guide
insisted that a safe distance should always be maintained.
The animals were simply a pleasure to watch, with their
plate like armour, pursed lips, flappy ears & of course, their
horn.
We were also on the lookout for the wild water
buffalo whose horns
are among the largest

golden during

for Indian wild cattle.

monsoons, but here

The afternoon rolled

assumed a darker tan
coat. We came upon a
small group of six, the
males proudly
displaying their six-a-
side magnificent
antlers, grazing lazily
in the pleasant winter
afternoon. Just
beyond we spotted
three adult wild boars
with half a dozen litter
keeping close &
almost in single file.

The vast
expanse of the park
meadows was
interspersed with
numerous small &
large water bodies,
possibly flood-formed
lakes as per our guide.
The land is very fertile
aided by the
Bramhaputra's
deposits. Now deep
into the park we

on into evening &
temperatures dropped
with the setting Sun. A
chilly breeze heralded
the shadowy evenings
& we wrapped up the
woolens closer. As we
moved to exit the park
we were to see many
more hog-deer & a
small family of
Sambhar stag. The
male with grand
antlers was ahead & a
doe with a semi-adult
fawn about twenty
meters behind.

Our guide
assured us that we
would see more on
tomorrow's morning
ride. We came across
many birds, some
migratory from
Siberia. Our guide
informed that the
birds would next fly to

finally came across a

Ladakh on their way

solitary rhino which

back. We missed the

was about fifty metres

away, at three-o-clock

position. The gentle giant was a treat for our eyes as we
simply watched in awe. The rhino moved gently forward,
grazing, on seemingly ballet-like graceful steps. The lower
half of the animal was covered with mud which must have
been picked up while wallowing.

The ambience was incredibly serene with the
marsh lands flattened out till the distant hills. Almost
immediately we spotted another rhino at four-o-clock
behind a clump of trees fringed by the tall grass. This one
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elusive tiger & were

told by Biju that with
luck one could spot the Indian Muntjac & the great
reptiles; the rock python & Hamadryad or king Cobra. To
boot golden tigers have also been spotted here.

Our homestay was a very cozy outfit with a green
gallery opening sideways into rooms. The gallery led to the
dining which was designed in an ethnic rural fashion. The
floor & walls was plastered with mud beyond the concrete
rooms with a thatched roof, a space about twenty feet
square. In one corner was a Indian stove or 'Chulha’. In the
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distinctly chilly evening our hostess had set up a
fireplace there, which was very welcome indeed. We
ordered some potato & onion fritters to go with the
flask-full of hot tea. Dinner was a quiet graceful affair
in which two varieties of lentils & a mixed vegetable
dish were served with rice. The country chicken curry
was delicately spiced & all summed up to a very
sumptuous meal.

Over cups of Assam tea we all spruced up in
the morning after a well needed sleep & waited for
our guide, Biju,. We had packed our bags & asked the
Innova driver Rajiv, to meets us at the farther gate.
From there we would commence our return journey
after exiting from the morning ride.

Five hundred meters in the park we came
upon two rhino at a distance of about seventy metres
but in perfect broad-side-on position for sighting.
Moving ahead we came across more rhino but much
closer this time. Their grand profiles were showing
the details of their anatomy & it was sheer ecstasy to
view them. We spent a good twenty minutes in their
company & reluctantly moved on as we were also on
the lookout for the wild water buffalo & the elusive
tiger. We came across several hog-deer & a sambhar

stag. Birds, migratory or local, were in plentiful, deftly
carrying on their feeding.

Eventually, on the edge of a large water body, we
came across a solitary water buffalo. It was at some
distance but gave us a clear view of the giant sweeping
horns. Our cameras were inadequate but Biju obliged
with a close up photo. We are not enthusiastic
ornithologists but Biju was busy clicking birds; on the
ground, on branches & in their roost.

Soon it was time for our exit. We were slightly
emotional as we were bidding farewell to one of the
best parks in the world. The immense serenity of the
marshy terrain with water bodies, bushes, grasslands
rolling off into the distant foothills leave an indelible
imprint on one's mind & soul. They forever remain the
stuff for nostalgia in retrospect.

After our exit we made a beeline for the souvenir
shop. We picked up caps, hats, t-shirts, badges,
crockery & jackets all marked as 'One Horn Nation' &
'Kaziranga National Park.' We were met by Rajiv & his
Innova & we parted ways with Biju with promises to




stay in touch & even plan a visit again.

On our return to Guwahati both our families had
much to talk about. We were in chance to meet Col. Sen's
son, Dr Robin a dental & maxillo-facial expert. He & wife
Geetanjali had dropped down from Faridabad to attend
Diljeet Dosanjh's concert at Guwahati. Col. Sen & | slipped
out for a visit to the Army Golf club. The lush green lawns
with well cropped hedges & plants were really beautiful. In
the far distance the golf lawns fringed the forest line.

We could make out rolled up barbed wire fences.
They were placed because there had been incidents of wild
elephants straying onto the lawns. The bar was well
stocked & had seating in the verandah hallway. In addition
they had a tree-top sit out area & one extending deeper
into the course. The snacks were delectable with peppered
fish being the specialty of the evening. We returned home
where our hostess Mrs Mona had an excellent spread for
us.

Nilachal hills, just off Guwahati is a very special
place indeed; a must for tourists & those looking for a rare
pilgrimage site. The hills are said to house numerous caves
where 'Tantra' ascetics practice their rituals. The most
renowned & revered site on the Nilachal hills is the
'Kamakhya' temple, steeped in history, architectural
wonder, myths & miracles. As legends would have it &
described in certain 'Puranas', Devi Sati self immolated
herself in her father Daksh's ceremonial pyre, after Lord
Shiva's insult on being barred from the grand 'Yagna'

The grief stricken Lord Shiva carried the charred
remains & began a terrifying dance, the 'Tandava' which
threatened the very existence of the Universe. Anticipating
devastating consequences Lord Vishnu in consultation with
Lord Brahma severed the charred body into fifty one parts
using the 'Sudarshan Chakra'. Each part fell to the ground
on a different location, to constitute the fifty one
'Shaktipeeths'. Devi Sati's private reproductive parts are
supposed to have fallen here, making it one of the most
pious & mythical of all 'Shaktipeeths'.

A good roadway led to the temple & we managed
to approach to a proximity just a few flights of stairs away
from the main sanctum. Col Sen had arranged for V.I.P.
passes for us & engaged the services of a senior pandit. On
the way we collected mementoes & wore red headbands
of 'Jai Ma Kamakhya'. We were led by our pandit onto a
wide waiting area after which we were required to
assemble in a single file to lead to another seated waiting
area. The premises were live with exited people not to miss
out a few goats & rhesus monkeys. It was the peak
vacation period & the temple was teeming with devotees.

After about spending a good four hours since we
entered the temple we progressed through caged corridors
to reach the outer wing of the sanctum, which housed gold
deities of Kamakhya Devi & Kameshwar Dev. We were
guided by the pandit to offer flowers here amidst sacred
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chants. Finally we were led into the main sanctum which is
a stone cave below the outer sanctum. We were all aware
of an unseen energy here as we in the cavern containing
the private parts of the Devi etched in stone. The place was
partly immersed in water which is said to be perennial,
which never dries out nor overflows. There is no idol here
& the mythical creation was partly covered with beds of
flowers. We were encouraged to touch the magical water
amongst more sacred chants.

A number of festivals are observed here mainly
'Navratri' and the 'Ambubachi’, in the last week of June
every year. The temple is closed for three days when during
this period the Devi is supposed to menstruate. The water
in the main sanctum turns red & even connected parts of
the Bramhaputra assume a reddish colour. This is an
extremely sensitive affair & | wish to refrain from making
any comments whatsoever. It is best left to experts in
mythology, ancient beliefs, natural formations & pure
sciences

After exiting the temple complex we headed for
the top of Nilachal hills. Several watch-points had been
made along the way & we stopped frequently to admire
the lovely view. On the top of the hill is the 'Bogola' or
'Bhuvaneshwar' temple. The view on both sides of the hill
is breath taking & we had a grand panoramic view of the
great Brahmaputra River & Guwahati town beyond. After
spending a relaxing hour we headed back home in
anticipation of a well needed rest & plans of our
Meghalaya visit tomorrow.

We were already aware that Meghalaya was
created in '72 by separating two districts from Assam,
namely the 'Khasi'or 'Jaintia' hills & the 'Garo' hills. Over an
early breakfast of buttered toast, scrambled eggs & cheese,
Col Sen discussed the British influence & the military
significance of the region. The Eastern Command of the
Indian Air Force is based here & played a vital role in the
Chinese war of '62 & the Bangladesh liberation war of '71.
The British regarded the capital Shillong as the 'Scotland of
the east' & it still has a distinct cosmopolitan touch. All
festivals are celebrated here with zeal & the city also hosts
a diverse range of cuisines. We were put into a good mood
as we set of to explore the abode of the clouds,
Meghalaya.

We were on a time count as we were to board the
Brahmaputra river cruise later this evening, so were set our
sights on three places; the well maintained 'Hydari' Park,
the famed Elephant falls & of course the Shillong peak.
Wide winding roads gradually gained altitude as we
approached the Shillong peak. High in the roadways were
numerous viewpoints from where the scenic beauty was
marvelous with clumps of clouds just lazily floating by. The
panoramic views were mesmerizing & accorded a sense of
serenity, peace & tranquility.

The Shillong peak is situated at a height of about
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two thousand metres & under control of the Indian Air
Force. For security reasons we had to shift to local certified
vehicles. For entry we had our identities verified by Adhaar
cards, as foreign nationals are disallowed from entering the
area. The peak itself had a large open area facilitating the
car park. We could walk around the area to circumnavigate
the peak which accorded a grand circular view of the deep
& distant surroundings. Most notable was a glimpse of
green veldts of neighbouring Bangladesh. Nearly the full
city of Shillong could be seen from here, rolling off into the
distant Himalayas.

The height of the peak was an excellent vantage
point for the Indian Air Force which served the country
both in times of peace & war. Having satiated our senses
by the grand view, we were simply thrilled & in awe of the
location.

We moved into the campus area where a stall offered
traditional costumes on hire. We were exited at the idea &
Krishna & | donned the costumes of a Meghalayan flower
girl & a 'Khasi' warrior. We spent the next fifteen minutes
posing for photographs captured by our smiling amused
children. Reluctantly we were to return to the plains where
we went onto visit the Hydari park which well maintained

but would fully blossom during the spring.

The Elephant falls was next on the itinerary & on
reaching were welcomed by the sound of unseen
waterfalls. A downward flight of a broad stairway bought
the falls into view. The falls was aptly named as the
streams of water fell on a giant rock which resembled an
elephant's back. I acquired a mini bow & a quiver with
arrows as a memento. Pressed for time we had a scratch
meal of fried chiken, Singapore rice, steamed momos &
rushed back to Guwahati in time for the Bramhaputra
cruise. Unfortunately only Krishna & Vijay could join Mrs &
Col Sen, as elder son Raja & | had to leave for some urgent
shopping.

After a restful sleep we were to undertake the first
leg of our return early in the morning. We profusely
thanked our hosts with warm embraces & hugs, with
promises to catch up in '25 at Jabalpur during the Dussehra
festival. As we were going in the same direction we
dropped Raja at the airport for his return flight to Pune.
We managed a good time on the highway avoiding the
under-construction segment & were in time for dinner at
Siliguri. This time my maternal in-law aunt & their family
had invited us. Dinner was a grand affair with mustard
'Papda’ fish, fried lobsters with 'Pulac' & mutton curry,
with two varieties of sweets. Later amidst 'pranams' &
good wishes, we packed up 'Bay leaves' & 'cinnamon’ bark
from their garden which had already been picked for us, &
reached my in-law uncle & aunt's for the night's bunking.

Due to some communication gap my in-law aunt
had prepared fish curry for dinner the previous night. She
dried out the curry & packed it for our onward journey. We
packed it in our food basket & kept it in the rear seat, lest it
jostle on bumpy roads. We broke for lunch at a decent
'dhaba’, ordered some chicken & 'tava rotis' & had a
fulfilling lunch including our packed fish.

We had planned to stay overnight at Chhapra to
commence our last leg to Jabalpur tomorrow. It was New
Year's Eve & we reached Chhapra at about five thirty. We
had covered a good four hundred & fifty kms but it was still
too early to retire. In consultation with our cabbie Hemant
it was decided to make a dash to Varanasi, a distance of
approx two hundred & fifty kms. Varanasi apart from being
a most holy city, was also the residence of my maternal
grandparents, uncles & aunts, but now only occupied by
my cousin, his wife & some tenants, their sons being away
at Mumbai.

My cousins were pleasantly surprised by this
chance visit & enthusiastically awaited our arrival. As we
entered the fringes of Varanasi it became obvious the New
Year's celebrations were in full swing. The major streets
were vibrant with lights & colourful motifs. Hotels &
restaurants were extravagantly decorated & well dressed
waiters wooed the multitude on the streets. The branded
showrooms & major stores were prominently on display by
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balloons, paper cuttings & ribbons. Flower stalls had
sprung up selling bouquets & roses, garlands, headbands,
wrist-bands, hats & stuff that festivities comprise of.
Blaring music could be heard on all sides & the city was in a
full-on gaiety mood.

Traffic was diverted at numerous places & we
finally reached our destination on Luxa road situated just
two squares away from the Kashi Vishwanath temple. After
'pranams' & pleasantries exchanged we were led to the
dining area where my cousins had ordered a special meal
for us. At the stroke of midnight heralding the New Year,
we delved into a most delicious combination of 'biriyani'
with 'kababs', amidst the burst of firecrackers outside on
the streets.

Varanasi was very special to my wife & me. She a
B.H.U. alumnus, having stayed at the 'Rajghat' hostel on
the banks of the Ganga, had many treasured memories of
the city. | had spent nearly all my winter holidays at my
maternal uncle's house, 'Taruchhaya', at Luxa road. During
my childhood the household was a buzz of excitement
where uncles, aunts, cousins & friendly neighbours talked
nineteen to a dozen, amidst much laughter & gaiety. Later
a quartet would assemble including my dad, to play
'Bridge'. My birthday was celebrated with much fervor & |
used to be overjoyed on receiving a number of gifts,
namely toys, books & new clothes.

'Taruchhaya', a palatial bungalow, was built in
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1935 by my grandfather Capt Dr J.M. Gupta who had
served in the First World War. It was dedicated to my
grandmother 'Tarubala' & was designed reflecting the
Renaissance period of architecture. The grand old lady still
stands iconically on Luxa road, with its impressive galleries
& stairways, crimson floors & banisters, cozy bedrooms &
dining area, even a small library. Notable are the spacious
balconies, exquisite mantle pieces and history reflected in
portraits, not to forget the grand arches, & distinctive
railings.

We had a traditional breakfast of Varanasi's
special 'kachauris' served with potato curry, & a layered
sweet with a clove in the centre, best known as 'labang
latika'. We departed from 'Taruchhaya' after 'pranams' &
getting a tearful farewell from our cousins & the Mukherjis,
our neighbours of many a decade. We were disappointed
at seeing the swollen crowds at the 'Kashi Vishwanath' &
'Santakmochan' temples, which we hoped to visit but
would take the entire day in the process. Regretfully we
started the final leg of our journey homewards. There was
a trance-like quiet in the car as we all dwelt on our
experiences of the last week.

After Mirzapur we crossed Hanumana & entered
our home state to reach Maihar following Rewa. We halted
at Maihar for lunch at the Indian Coffee House, which is
much respected for its quality at all outlets throughout the
state. We made a final coffee break just on the outskirts of
Jabalpur & reached home at about six-o-clock. The silent
stress & strain of the past few days were now taking toll &
with leaden feet & stiff bodies we somehow unloaded our
luggage. We bid farewell to our cabbie, Hemant, & on
entering our house we all thanked the almighty for a safe,
comfortable, pleasurable & fruitful journey.

a4

Dr Chandrashekhar Niyogi, 64 years, is an
E.N.T. specialist working with N.H. Mission of
M.P, based at Jabalpur. He is an avid naturalist
having toured all national parks & sanctuaries
of M.P. He has also visited the Sunderbans,
Corbett T.R. & Sasan Gir with Velavadar (Black
Buck National Park) in Gujrat. Also notable
were the visits to 'Katarniya Ghat' on the
Nepal border famed for the Ganges 'Ghariyal',
'Jaldapara’ & 'Rajaji' National Parks. He has
also visited numerous hill stations like Gangtok & the Natu-la pass
on the Indo-Sino border & river rafted on the turbulent 'Tiesta' on
the W.B —Sikkim border.

Closely associated with Shri Jagdish Chandra since the early
nineties, and also other senior forest officials. Has extended his
medical services to Kanha.T.R, Bandhavgarh.T.R & Pench T.R., as
and when required. Happily married to Dr Krishna, Ph.D.,
principal of a C.B.S.E. school. Elder son Dr Rajashekhar Ph.D. is
engaged with an N.G.O., managing Human-Elephant conflicts.
Younger son Vijayshekhar, M.Sc is an A.P. at a Biotechnology
institute. The family is his source of inspiration & are regular
companions in tours to wildlife & other exotic destinations.
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ROLE OF INTEGRATED FARMING IN
LIVELIHOOD GENERATION

- Anubha Srivastav' Pritam Kumar Barman’

INTRODUCTION:

The farming system is the scientific integration of
different interdependencies and interactions of farm
enterprises for the efficient use of land, labour and other
resources of a farm family which provides year-round
income to the farmers. Integrated farming system (IFS) is
an interdependent, interrelated often interlocking
production systems based on few crops, animals and related
subsidiary enterprises in such a way that maximize the
utilization of nutrients of each system and minimize the
negative effect of these enterprises on environment. I[FS
represent multiple crops (cereals, legumes, oilseeds, tree
crops, vegetables etc.) and multiple enterprises (livestock,
bee-keeping, fish farming etc.) in a single farm in an
integrated manner. For the small-and marginal-farmers of
India, who constitute more than 85% of the total farming
community, IFS plays a vital role for enhancing their
economy and livelihood. The main objective of the IFS is to
enhance the productivity and profitability of marginal
farmers households and to improve the livelihood and
nutritional security through diversification approach.Under
the gradual shrinking of land-holding, it is necessary to
integrate land-based enterprises like dairy, fishery, poultry,
duckery, apiary, field and horticultural crops, mushroom,
agroforestry etc. within the bio-physical and socio-
economic environment of the farmers to make farming
more profitable and dependable.The ultimate goal is to
maximize production, productivity and income generation
from a unit of land area over a stipulated period (Dashet al.,
2015). Furthermore, IFScontributes to nutrient recycling,
reduces dependency on external inputs, enhances soil
quality indicators, and ensures environmental safety. Hence,
adaption of a developed location-specific IFSmodel plays a
vital role in biodiversity conservation, improves soil
carbon, and contributes to reduction of greenhouse gas
emissions (GHGs) (Meenaet al.,2023). Our country's
population is anticipated to reach 1370 million by 2030 and
1600 million by 2050. Developed IFSsgave higher net
returns and benefit: cost ratio to the tribal farmers as
compared to traditional farming in hilly region .

An IFS is a holistic and system approach, in which
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natural mechanism of the system is explored by
establishing compatible linkages among the various
components, which make it sustainable. Such a system
approach is very much needed for developing sustainable
model for E-IFS (Energy self-sufficient IFS),organic
farming, natural farming, Natural eco farming and
conservation faring systems.

An IFS represents multiple crops (cereals,
legumes, oilseeds, tree crops, vegetables etc.) and multiple
enterprises (livestock, bee-keeping, fish farming etc.) in a
single farm in an integrated manner. The level of integration
can be easily measured with the level of resources, wastes
and by-products recycled within the system. This helps in
better utilization of various resources available within a
system and enhances the resource use efficiency. More the
recycling of the resources/ by-products/wastes, the better is
the integration. Such resource flow within the farming
system makes the system self-reliant, less dependent on

external inputs and sustainable. In the IFS model developed
for small-and marginal farmers with 1.0 ha area involving
the enterprises — crop —livestock (dairy, poultry and
duckery)- biogas production —fishery-agroforestry
composting-medicinal and nutritional garden efforts have
been made to recycle the by-product and wastes of one
enterprise as the in-put of other enterprise. This has helped
in enhancing the resource use efficiency and reducing the
production cost. Besides, the farming systems become more
self-reliant and less dependent on external inputs.

Componentsof IFS Models:

Crops, livestock, birds and trees are the major
components of any IFS. Crop may have subsystem like
monocrop, mixed/intercrop, multi-tier crops of cereals,
legumes (pulses), oilseeds, forage etc. Livestock
components may be cow, goat, sheep, poultryand bees. The
farming system takes into account the components of soil,
water, crops, livestock, labour, capital, energy and other
resources, with the farm family at the centre managing
agriculture and related activities. The followings are the
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integrated components of IFS (Behera ef al., 2018).

Fish + poultry+ horticulture-based farming system:

This IFS model was developed using fish,
poultry and horticulture components that play a
significant role in increasing manifold production,
nutrition, profits, and employment generation to
marginal farmers of Udham Singh Nagar district of
Uttarakhand as reported by (Sharmaez al., 2016).
Another study conducted reveals that the integration
of fish culture with a rice-wheat cropping system can attain
the maximum profit in western Uttar Pradesh.

Similarly, a fish-based IFS model was developed
on 0.9 ha of land (fish cum horticulture on pond dyke (0.5
ha) + rice-wheat (0.4 ha), where fish as a major component
was promoted to maximize the farm income and efficiently
utilized farm resources. For this purpose, a farm was
selected based on its strategic location, water availability,
low land condition, etc. (Sunil ez al., 2023). Besides, fish
culture pond dykes were chosen for the development of
horticulture module (vegetable cultivation). Existing
management practices (low input-based aquaculture) like
fishes fed with rice polish and intermittent spread of

mustard oil cake in pond (Bahera et al., 2004). The existing
productivity of fish ponds was less than <20 g/ ha. As a
result of adoption of improved management practices, the
fish pond production rose up to 35 g/ha (75.0%).Scientists
of Krishi Vigyan Kendra have helped farmers in Rajasthan's
Barmer district grow fruits and vegetables never grown
here before, and earn up to five times more. Lush fields of
vegetables or orchards of fruit can hardly be associated with
Rajasthan's Barmer district, which lies in the Thar desert on
the border with Pakistan (Mishra,2022)

Crop + livestock-based farming system:
Climate change, nutritional security, land

shrinkage and increasing human population are the most &=

concerning factors in agriculture and a further
complicated by deteriorating soil health. Among several
ways to address these issues, the most important and
cost-effective means are to be adopted in IFS. IFSs with
livestock enable a way to increase economic yield per
unit area per unit of time for farmers under small and
marginal categories (Shanmugam et al., 2024). This
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system effectively utilized the waste materials by recycling
them via linking appropriate components, thereby
minimizing pollution caused to the environment. Further,
the integration of livestock component with crops, the
production of eggs, meat and milk leads to nutritional
security and stable farmer's income generation. So, there is
a need to develop an eco-friendly, ecologically safe and
economically profitable IFS model in western Uttar Pradesh
(Palsaniya ef al., 2021).+

IF'S under coastal agro-ecosystem:

The long-term projections prove that by 2030,
about 40 % of the dietary demand has to be met from
livestock-based commodities other than food grains (Kumar
et al., 2018). At present, improvement in the productivity of
crops is being examined from their sustainability viewpoint
not only by agricultural scientists, planners and
environmentalists but also by progressive farmers, who are
switching over from modern insensitive farming to
ecologically protective farming (Ponnusamy and Gupta,
2009). The coastal ecosystem faces a lot of problems like
flash floods, water logging, seawater intrusion, salinity and
pollution due to continued expansion of urbanization,
industrialization, tourism and other activities. About 10.78
million hectares of land resources of coastal ecosystems
support the livelihood security of several million rural poor
and also contribute to the national economy in a larger
measure (Swarnam et al., 2024). Considering land
capability in the coastal ecosystem, the increase in land
productivity primarily depends on popularization of
alternative land use systems like dairy, fishery, apiary,
duckery, mushroom, tree plantation, etc. Therefore, the
research focus needs to be reoriented toward developing
IFS options, well matched with land and water regimes in
coastal areas for sustainable increase in productivity and
conserved coastal ecosystem (Sunil ef al., 2023).

Agro tourism farming:
Agro tourism is a way of developing the rural
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location as part of developing these tourism areas
sustainably with a concern to increase the living standard of
the farm and rural people by providing them the additional
avenues of income.Agro tourism has emerged as an
unconventional way of increasing farmer's income. Hence,
the farmers should adopt agro tourism to diversify
agricultural goods and explore new markets to generate
more money through agro tourism, rural tourism provides
an option for visitors to experience uncover rural life, their
farm and other related activities and social and cultural
practices which ultimately help the people sustainably
living in that locality. The agro tourism development based
on local wisdom concerns tourism development and
subsequent conditions of sustainable development, as stated
by Sriyadil and Eni Istiyanti (2021).

Medicinal garden:

There areseveral types of gardens such as
medicinal, garden which may double farmers income. India
has been considered as a major store house of various
indigenous plants that are used to cure disease and disorder
of various kind. Small-and marginal farmers of India
usually prefer such plants, since these are safe, economical
and easily available to them. A small medicinal garden in
100to150 m’ area is maintained in IFS unit consisting of
medicinal plants such as: sarpagandha (Rauvolfia
serpentina), ashwagandha (Withania Somnifera), aloevera
(Aloe barbadensis), tulsi (Ocimum tenuiflorum), lemon
grass/citronella grass(Cymbopogon citratus), ajwain
(Trachyspermum amni), brahmani (Bacopa monnieri), mint
(Mentha piperita), hadajod (Cissus quadrangularis), insulin
plant (Costus igneus), soursop fruit plant (4nnona
muricata), harida (Terminalia chebula), kalmegh/Green
chiretta (Andrographis paniculata) , harsingar (Nyctanthes
arbor-tristis), Giloy (Tinospora cordifolia), sadabahar
(Catharanthus roseus). pathharchata (Kalanchoe kinnata),
small cardamom (Elettaria cardamomum),curry leaf
(Murraya koenigii) and shatavari plant (Asparagus
racemosus).

Nutritional garden:

A small nutritional garden in 150 to 200 m’ area
was maintained in the IFS unit consisting of papaya (Carica
papaya), pomegranate (Punica granatum), custard apple
(Annona reticulata), sapota (Manilkara zapota), kaintha
(Limonia acidissima), bael (Aegle marmelos), guava
(Psidium guajava), coconut (Cocos nucifera), jackfruit
(Artocarpus heterophyllus), banana (Musa paradisiaca) star
fruit (Averrhoa carambola), elephant apple (Dillenia
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indica) and aonla (Phyllanthus emblica). There are certain
unique fruit plants very useful for health point of view such
plants are kaintha, star fruits, elephant apple and custard
apple. By maintaining a nutritional garden, the care has
been taken how a farm family can get fruits round the year
for better nutrition to the family members. Besides this,
other fruit plants such as kinnow, lemon, guava, sweet
orangeand mango are grown in dykes of pond and boundary
of the farming system, which also contribute to income and
family requirement of fruits.

Agroforestry/ Trees Outside Forests (TOFs)for state of
Uttar Pradesh:

Agroforestry system is one of the best known
traditional practices and has an important role in reducing
vulnerability, increasing resilience of farming systems and
buffering households against climate related risks. As the
population of India is increasing at a very fast rate; the
land-holding size of farmers shrink at a very fast rate and
agroforestry is the only way to optimize the farm
productivity. The tree species outside forests viz. Mangifera
indica, Eucalyptus spp., Populus spp., Azadirachta indica,

" Dalbergia sissoo, Tectona grandis etc. (FSI, 2023)are

cultivable in agroforestry in rural as well urban regions of
Uttar Pradesh. The careful selection of these species in
plantations will lead to sustainable strengthening rural
livelihood.

In the state, TOFs are in the form of small
woodlots and block plantations, trees along linear features,
such as roads, canals bunds, etc. and scattered trees on
farmlands, homesteads, community lands and urban areas.
Teak is the dominant species of these forests. Other
important species are sal, palash, ber, mahua, dhak, amla,
jamun, semal etc. among TOF green cover. The main
regions of these forests are the plains of Ganga, Yamuna
and their tributaries receiving the rainfall 50 to 100 cm.
These trees are widely used in industries for various
applications, for instance, Bamboo is used predominantly in
Paper Industries, Babul is used to prepare the tanning
material, gutel and semal are employed in the matchwood
industry. Farmers are coming forward in the region of
Eastern UP for adopting ToFs of commercial value as
eucalyptus, poplar, melia, mango, aonla, sagwan, mahogany
etc. in different agroforestry systems. Table 1 and 2 reflect
top species in rural and urban region of Uttar Pradesh(FSI,
2021).

Table 1. Top 5 species in ToFs in rural region of Uttar Pradesh

S.No.| Species Relative abundance (%)
1. Mangifera indica 30.25
2 FEucalyptus spp. 18.52
3. Populus spp. 7.74
4. Azadirachta indicd 4.90
5 Dalbergia sissoo 4.88
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Table 2. Top 5 species in ToF in urban region of Uttar Pradesh

S. No. Species Relative abundance (%)
1. Azadirachta indica 15.62
2. Mangiferaindica. 12.03
3. Eucalyptus spp 10.64
4. Tectona grandis 4.95
5. Prosopis juliflora 4.12

The state has set a target of 175 Crore plantations
in the next five years and also working towards developing
agroforestry policies that link to wood-based industries. The
state government is also working on the relaxation and
simplification of transit rules. Further initiatives would be
undertaken to establish one hi-tech nursery in each of the
Commissionerates and village-level nurseries in every
Nyaya Panchayat. Agroforestry practices would not only be
beneficial for mitigating climate change, but also doubling
the farmers' income (USAID,2023). Planting ToFs is like a
boon for rural livelihood as in one way, they play a vital
role in fulfilment of their day-to-day needs and in other way
they get a handsome return by sale of commercial species
for their timber as well as NTFPs. Besides, they contribute
in increasing green cover of the state and can efficiently fix
atmospheric CO, in its woody biomass and fulfil the

An example layout of IFS model (Source:Kharche et al., 2022)

timber/NTFP demands.

Strategies to Enable Adoption of IFS:

The following strategies are to be implemented to enable

farmers to adopt IFSs.

>The large number of training and demonstrations on site-
specific [IFSmodels need to be conducted by involving
research institutions, extension agencies, NGOs, and
farmers.

»>The agencies should be identified and linked with
IFSfarmers to procure their farm produce.

>Popularizing success through a variety of media mixes
may be done by government extension machinery to
enhance awareness and knowledge levels.

»Panchayat Raj Institutions need to be empowered to take
up infrastructure work like reclamation of village water
bodies (ponds), promotion of village common lands for
livestock grazing and setting up of common facilities.
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Advantages of IFS

>Residue recycling on far

>»Regular income generation around the year from different
enterprises/components.

»Maintaining soil fertility and soil and water conservation

>Fulfilment of social and cultural obligations.

>Favourable income generation prospects in rural areas can
slow dowrural to urban areas.

»Energy production and consumption.

>Production of saleable products and byproducts.

>Fully utilization of surplus family labour on the farm.

»Increased populations of beneficial insects and fishes and
migrant birds.

>Risk reduction from diseases, crop failures and climatic
failures or hazards.

> Availability and consumption of a variety of products at a
farm that reduces problem of malnutrition of family
members.

> Ultilization of marginal land and nonmarketable produce
greatly offsets economic risk.

The IFShas created more working hours in the system
owing to more enterprises than the cropping system alone.
The model generated 525 man-days/ha/year. The IFSmodel
has provided employment opportunities throughout the year
due to the involvement of more manpower than used in one
module of the system. Diversification of farming including
multifarious activities of different enterprises included in
the IFSmodel paved to set of employment opportunities and
intact households with farming and their family members
were always engaged throughout the year in this business.
Rathoreet al., (2019) also reported that IFSs under arid and
semi-regions increased employment opportunities than
adopted single farming system. Thus, [FSmodel helped in
solving the problem of unemployment of farm families. The
total man-days required for the crop component was 251
man-days /ha/ year followed by dairy (155 man-days/year)
and horticulture (153 man-days/year) on the mean data of
three years.
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H umans exist within a wildly complicated, nuanced,
and interdependent network of life on planet Earth.
We understand that network as biodiversity. Our existence
is intricately connected with that of millions of plant and
animal species and the collective, cumulative knowledge
resulting from millions of years of adaptation to varying
physical realities. Today, we are aware of about 1.7 million
species — but there are likely millions more that we do
not even know about.

Tropical rainforests are epicenters of biodiversity. For
example, in only a few dozen acres of Borneo’s forests,
there may be more species of trees than in North America
as a whole. Oxford professor David MacDonald has said,
“Without biodiversity, there is no future for humanity.”

Sixth Mass Extinction

Yet, biodiversity is at extreme risk. Earth is facing
what scientists call the Sixth Mass Extinction. While there
have been mass extinctions before (the last occurring
more than 65 million years ago) caused by volcanic
eruptions, meteors, ice ages, and other cataclysmic natural
events, the Sixth Mass Extinction will be caused by
humans — just as human activity has caused climate
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change. Not only are species going extinct, but entire
genera are disappearing in an “annihilation” of life. The
current extinction is predicted to be more than 35 times as
extreme as the previous.

Human-driven land use for agriculture, mining, water, and
energy use are the main culprits. Agricultural production
alone is the cause of 90% of global deforestation and 20%
of global greenhouse gas emissions.

Exposing the Culprits

But just as unchecked human activity can wreak havoc,
strategic human activism can make a difference. RAN and
the Forests & Finance Coalition published a major report
in late 2023, Banking on Biodiversity Collapse. The report
reveals an in-depth analysis of the financial flows
supporting operations of 300 companies directly engaged
in forest-risk commodities — products like beef, soy, palm
oil, pulp & paper, timber, and rubber. These sectors are
primarily responsible for massive deforestation in the
world’s three critical tropical rainforests — the Amazon,
Indonesia, and the Congo Basin. These supply chains are
also often associated with gross human rights violations
and exploitation. The report indicated that from 2016 to
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2023, banks provided at least $307 billion in credit to the
agro-commodity sector. Not only are enormous financial
flows supporting this sector, but there is a dearth of policies
to protect biodiversity and Indigenous and local
communities.

Building Global Awareness — and Action

Built on this research and bolstered by our campaigns, RAN
is working to influence the global finance and agro-
commodity sectors to adopt and enforce stringent laws,
policies, and regulations to protect nature and
communities. Our new reports, showing systemic failure in
stopping the money driving deforestation, engaged nations
at the CBD COP16 in Colombia in October 2024, the G20
meeting in Brazil in November, and will continue to do so
during events leading to COP30 in Brazil in November 2025.

These pivotal global movement moments are critical
opportunities to bring the full force of RAN’s research,
insideoutside campaign approach, and high level media
engagement to call companies and countries to account for
their extractive and devastating practices. /1,@




Pressure andiPolicies:

Although they can seem far away for many of us, our
fight to keep rainforests intact is a fight for all of us.
Our biodiversity, our climate, our very future, depends on
keeping forests standing.

For more than a decade, much of RAN’s focus on
protecting Intact Forest Landscapes (IFLs) has centered on
the worldrenowned Leuser Ecosystem in Indonesia. These
forests and peatlands provide livelihoods and water for
millions of people — and they keep massive amounts of
carbon in the ground and out of the atmosphere. When
peatlands are drained and set on fire for palm oil
expansion, thousands of years of stored carbon is suddenly
released. Destruction of these precious forests is also
often accompanied by land grabs, exploitation of
communities, and human rights violations.

In response, RAN has targeted major international brands
that source Conflict Palm Oil from the Leuser region. Our
Snack Food 20 campaign, launched in 2013, was a prime
example of our innovative market sector approach. We
have brought significant pressure — and positive changes
— to the sector by monitoring deforestation in palm oil
supply chains and using field investigations to connect the
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dots between unscrupulous producers, traders, and the
household brands that source palm oil grown at the
expense of forests in the Leuser Ecosystem. And

we spread the word — through reports, traditional and
social media, and by “naming and shaming” complicit
brands on platforms like LeuserWatch.org.

“No Deforestation, No Peat, No Exploitation”

One major result from these efforts has been the
widespread adoption of new global standards for
implementing No Deforestation, No Peat, No Exploitation
(NDPE) policies — a critical tool in efforts to protect
tropical forests. The NDPE standard we helped establish is
now being used by hundreds of companies across the
palm oil sector. For example, after years of pressure from
RAN, PepsiCoannounced a policy in 2020 to address these
supply chain concerns. By leveraging these policies, and
the groundbreaking European Union Deforestation
Regulation (EUDR) which requires transparency in brand
supply chains, we are in a position to push toward
significant gains in protecting critical forests — from
Indonesia to the Congo Basin and the Amazon.

The impact is clear — deforestation rates have
dropped across
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The impact is clear
deforestation rates have
dropped across the Leuser
Ecosystem. Programs have
emerged, engaging local and
national government agencies,
smallholder farmers, Indigenous
communities, as well as brands,
producers, and traders, in the
protection and restoration of
the Leuser.

the Leuser Ecosystem. Programs have emerged, engaging
local and national government agencies, smallholder farmers,
Indigenous communities, as well as brands, producers, and
traders, in the protection and restoration of the Leuser.
Thanks to years of pressure, corporate giants like Unilever
and PepsiCo are now investing millions to establish these
innovative new programs with local governments. In 2024,
Unilever finalized investments in landscape programs to
advance protection of forests at risk of deforestation within
existing palm oil concessions. It will potentially secure legal
protection for more than 600,000 acres of forests zoned for
future development.

Investing in the Future

We now must convince their peers to follow suit. In 2024,

we aim to secure new commitments from brands like Mars,
Mondeléz, and Nestlé to invest in the protection of the Leuser
Ecosystem.

If implemented by traders and brands that use palm oil,
these innovative landscape level approaches could end
deforestation for palm oil in the Leuser Ecosystem. Major
threats remain, but this moment offers hope during a rapidly
escalating global climate and biodiversity crisis. /1@
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Artemisia nilagirica (C.B.Clarke) Pamp.
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P YADT DI A HIGH 8l | ARG DI HH b HRU
St R Yo T8t Y | GHTS B g8 Ht 3081 8 fh TRPR Y
TNt 3R IERF @1 81| ST BRIE Tae 1927 ® Ifaa
M| G (Village Forest) @1 S{TYRUIN BT ARL BT AT
TG RG-S & =T & HROT T AGH ST & FAHI
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[1] T B 78 T W TSt &) ders SHfiH
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https://voiceofplant.com/sc-cutting-trees-is-worse-

than-murder/

[3] YR T et gear? G HIE J 3y =Y I U
FIc & [ Ueh HAfad TR 4.54 TRIS SUY BT JHAT

IMAL... https://economictimes.com/news/india/indias-

https://www.indiatoday.in/information/story/cutting-
trees-worse-than-murder-says-supreme-court-know-
indias-tree-protection-laws-2699352-2025-03-26

[7] GuiH B 3 foA1 3Tl & Ust ! Pers Bt U
29 9T 2019 & 3SR P 19 fordr ...

real-pushpa-sc-slaps-man-with-rs-4-54-crore-fine-for-

https://www.livelaw.in/top-stories/supreme-court-

illegal-cutting-over-400-
trees/articleshow/119514634.cms

[4] WY P13 Ufd U 31 AR BT JAMT oman | A

recalls-2019-order-allowing-tree-felling-without-
courts-permission-in-taj-trapezium-zone-287466

PIC BT el ...

https://www.youtube.com/watch?v=6q0yZe84YPk

[5] do! G H Us! &l sl foddt 39 ot ger T ot

https://timesofindia.indiatimes.com/india/cutting-
large-number-of-trees-worse-than-killing-a-human-

[8] YR PT ScH JWI?_IE S ! ARA I ot dgeR
https://www.thehansindia.com/news/national/indias-
real-pushpa-its-worse-than-killing-humans-957540

[9] T B A 313y =T A Us! I Hels & [T 24.54
FRIS B SHMHT T ..

https://vrindavantoday.in/supreme-court-imposes-

being-says-supreme-
court/articleshow/119498838.cms

[6]_IoH BI< A B8l fb US| &l dlel sl A H ek
21 ST YR &7 ..
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%E2%82%B94-54-crore-fine-for-illegal-tree-felling-in-
mathuras-dalmia-bagh/
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27 W14 2025, TR U I faUTT & UuH g
I GR&D (HoFF) ot gitet =rerdt 3R w1 Yo o TRefdh
@ gotta) SHAct SR ag & HIA FeE H gUar ez
ford o qF 3R 98 U Wi ard st gﬁ@f TYH R ISR
YRT F RIS 87§ Had ¥ T gAY A 181 & 9 IR ST
EE T & IR T 5! B! WFHIARd B o7 3ifar 27
AT 2025 B BRI YHIRGY, &7 Brfarsit, Jure
1Y, 3H 3R IR U U] Ffba, st faRivs ok Fgraal
& gganT ¥ fear man|

Y T B! AISHEG AR I gyaT TR Rord &
27 31f franiier & Srede YAaty &3 & 3R IR qdH! 9
HfYP JHT J TATHT 46 WSt & AT J &l Vst ) wAARd
HRAT A U1, 71 8 b < WS fama af AR g & sragad
fPu T & | I U T TST WY & dbId! THSR
T&Y Sg Uh.-3f$a1 7 guar ergR Reid A Wfagifye et
YR A H IR U o faunT o1 wea fear gl

TYAT TR ﬁGrq‘ & uﬁcs SIEI)\’GE? 31 IS AIE,
U} SrRaeR guar SF YIRS ) SR S5, T, U, & TS
2 ST gfea 1w & g & g1l iR 3% ufdiféra
& HRIadl Bl Hag 15 Y 20 A B 1Y S T R R T Hial
TS P UgTH B TS 3R 37D Udl AT TAT| 3T 915

| fadvet @t fagiy At A FSY &1 99T B A Heg 3, 37

N EaRd frar 3R 3% Wy U9 S Bt Sird HRA & 91g
N ST PIR AR I3 WP Tcid H1aH H SaHad e
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U AT 96X

FBAT : TANILI AR

E h 'I' 3-21 2k, 58 amfe ®u § w19 sifeug &
1H ¥ ST ST 8, STR-ufdd prafaar &

Iuisfesedia sirel & ure 9 a1d 81 g aed §e g
3% 3% RIRIY Gibe S1al % RIT UggHT Sl & o 9 @
19 F fUDd 38 9o B 81d €, o 32 siead egadla
@ 1g fe@m a1t a1 ®u fiear §

PR 3R I : Hied-era CART BT aeiT 0.5 fHamm (1.1
UIdS) A HH BT ¢ AR IXR B <faE ATHT 20.8 F 25.9 JHT
(8.2 10.2 39) Bt 8, foru®t Uz 41 I (16 $9) % Ugd
Il 81 3 -gAan A fgeuar wefRid #va 8, foraet s g fe
TR R A1ET 3MHR T A g &

B 3R QWA : 3761 %R gog ¥ § tio IR R T &
BT 8, 2 BT HITT Yhe-Uldl, 3ier B! |id Arat-ART 3R
TeY IR HEIF e a1 81 & | ST I7ferdl oR ol It g
€ S ggq T Heg Hd g, Safdh 3% AT B3 gid 39
U Hradh! ¥ @ gid g, S afdl o fe@d & |

AR 3T AP HIGAT: Fled-c1g caRT s
IR FF6R & S 9% UYcd USTshH B! fa=rsar arat
uiikaies gt ¥ X8d § 1 SATHIR TR, Had UgE R 3R AlaT
TSI B €, SIdfdh 39 IUP T2 Bl SWHIA H Aeg HId
213 HIS I3 B 3R IR S JgHR! AdgR Ui
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HA 8, Ol THE IrHRY & AT 1azaa g |

TSI : AIEN IR WR JSaf sl o) o+ 3l 8, 3R Hrdl-
a1 &1 /U THg & Tl & o T B S g1 e
SRR fRrgsft oY 3iuf s W a9 I o SId1 g o a% d oI
IS @ A% g1 3 o |

STER 3N AT : T SO A U I Biet 3R drelf & raf
TR HISH FHl §, 9 3% UIRfufas! o & diet har ardl &
w0 & 75yl YT Ay § | 3 Swisfeddia a ARt ¢k
fefios gl d Ram aRa g,

ARTNE 3R BT F AT aRafd ot HF Feafer
TRAl BT IYINT HIA § IR0 Ryfaapied-era saeh Mk &
Y YHeIRT B, STAIAT SIeAT Had 6,000 A & S #
9 €, S 5 o =i & 3 ok Sa fafe sigum &
foe Afaeifie sifd-ales & HRUI B | 9 M3 Uanfa & g
B T F9F & o TRe0T YOy 39wy § 148 §, died-erg
e wifed I TRaAmel 3R ngayuf uiikfufas
Yffrepralt aret St urghe 8, fthR ot 3 1R @at &1 rEer
HIA & ol 37 31KTed B DR H STefd Bl
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T : (RABLLZAC
https://en.wikipedia.org/wiki/Cotton-top_tamarin
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Rl BT Higd UPHfd BT FTH SrgYd TR |
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MR $1 Sl a8y ot g9 99F
HA B U |

33 $I fIRA1 iR & 337189 &1
g frgardti |

WId IS P ¥afofd STHT 39 U1 U= US|
wd, Bd ,geil d adt I Ut A3
geg A et
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e Bl A gaHT 9 givid
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BT BIT Y YT I g sfia
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