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KEYNOTE
CLIMATE CHANGE AND CROPS PRODUCTION

S. N. Pandey
Professor
Department of Botany
University of Lucknow, Lucknow, Uttar Pradesh, India
Email: snpandey511@gmail.com

Food security through crops production under the adverse climatic conditions is a big
global challenge. Among the climate factors (light, temperature, precipitation, humidity, wind
and atmospheric gases) only temperature is in the main focus to sustaining the life on the
earth, in recent scenario of the climate change. Climate change refers to a broad range of a
global phenomenon created predominantly by burning of fossil fuels which add heat trapping
gases to earth’s atmosphere that increases temperature of the earth, All the living beings need
food to sustain the life, and conditions to live. Every species must be in harmony with their
internal as well as external conditions to live in their changing environment. Otherwise, they
will be expelled out from their habitat. Increasing temperature trends across the entire earth’s
atmosphere since the early 20™ century, and noticeable since the late 1970s. Since 1880,
global temperature increased about .8 °C. The climate change is a natural phenomenon, but
intergovernmental panel on climate change (IPCC) reported human influence has been the
dominant cause of global warming and climate change within the recent decades. The main
green house gas CO, is the main cause of global warming along the other gases such as
methane, watervapour, nitrous oxide, chlorofluorocarbons, and ozone. A great loss in the
crops production has been noticed. Due to the extreme weather changes resulting heat waves
on land and ocean, severe floods, droughts, extreme wildfires, etc. will reduce the food
production globally, in future. All the above events increasing abiotic stress conditions on the
earth surface, day by day. The stress conditions affect morphological, anatomical, and
physiological changes in the plants. At the severe conditions loss of food production and
biodiversity may be resulted on a large scale basis. In a report of International chamber of
commerce (ICC) the global economic loss will be more than 2 trillion dollar over the past
decades due to the climate related extremes weather events, shows big loss in the economy.
Also, 1.6 billion people in between 2014 — 2023 have affected due to the extreme weather
changes. It has been observed by researcher that, at every degree celcius of global warming
on an average will drag down the world’s ability to produce food by 120 calcories per person
per day (4.4% of current daily consumption). To reduce the climatic change problems, all the
mitigation strategies should be followed given by international agreements policies. As food
security is concerned, multidirectional strategies should be adapted. Research activities may
play significant role in the development of resilient strains, temperature and stress tolerant
crops may be helpful to global food security.
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BIOLOGICAL COLLECTIONS FOR UNDERSTANDING THE EFFECTS OF
CLIMATE ON THE BIODIVERSITY

Al Shaz Fatmi
Natural History, State Museum Lucknow, Department of Culture, Uttar Pradesh
ORCID ID:0009-0006-8933-2600
Email:alshazsml2025@gmail.com

Abstract:

Biological collections, both as dry and wet specimens of flora and fauna, are
preserved in the Natural History Museums. Currently, they serve as a medium for
interpretation through physical, digital and virtual modes. These collections are displayed in
dioramas decorated with painted backgrounds, models of plants in their natural environments.
Usually, museums are seen as informal education centres to disseminate knowledge about
specimens through various interpretation methods. In the era of climate change, numerous
research projects are currently underway. Ecological changes have become a point of
discussion in modern biology. There are several research projects that correlate the modern
biodiversity with its ancient counterpart. Museum specimens are important repositories for
ecological studies. It is only biological specimens that may serve as a source of research to
conduct a comparative analysis of data collected from ancient specimens with their modern
counterpart. The extent of air pollution in a particular geographical area during the ancient
past can be studied by examining specimens collected from that area. Their feather and other
body parts are a useful source of study.

Keywords: Biological collections, specimens, natural history museum, interpretation,
ecological change.

INTRODUCTION:

The modern geological epoch, that is Anthropocene, is recognised as an era of human
impact on the earth’s biodiversity, biogeochemical cycles, as well as ecosystems (Lewis and
Maslin, 2015). During this period, there is a major global change, major drivers of the global
changes being climate change, invasive species, habitat conversion, human exploitation and
land conversion (Millennium Ecosystem Assessment-2005). The data collected through the
field study is limited across space, time and clades. Because one cannot travel back to the
past to collect the data, a researcher has to rely on the present data only. In this case, the
museum collections are the best resources for the collection of data of the ancient past
(Lavies, 2013, & Heberling, 2017). The data will give detailed information on changes in
floral and faunal morphology (McLean BS et al., 2015), species decline (Margules Astin,
1994) and shift in life history events (Daru et al, 2018).

NATURAL HISTORY COLLECTIONS:

The biological collection preserved at any Natural History Museum is known as the
Natural History collection or biological collection, and it contains important data sets for
nutrients (MacLauchlan et.al., 2010), pollution (Weis et.al., 1999), physiological processes
(Miller et. al., 2009), disease (Antonivics et al., 2003, pollinator interactions (Miller et.al,
2015 & Byers, 2017) and herbivore interactions (Beauvais et. al., 2017). They are preserved
in the form of dry and wet specimens of plants and animals. In the Indian subcontinent,
certain biological collections are quite important from the point of view of biological
research. Among them, Bombay Natural History Society, Mumbai, Chhatrapati Shivaji
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Maharaj Museum, Mumbai, Indian Museum, Kolkata, Govt. Museum Madras, Chennai and
State Museum Lucknow are a few to mention.

DIGITIZATION OF MUSEUM DATA:

Several museums around the world are now taking the initiative of digitising their
data, and it is available online for further research and innovations. It is quite helpful for
researchers in remote areas who are unable to travel or trace the items preserved in a
particular museum. For example, the National Museum of Natural History, Paris, France, has
digitised approximately 90% of its vascular plant data, which comprises 5.4 million
specimens. A researcher can search for these specimens on the official website of the
museum. There are certain institutions, like the National Science Foundation (NSF) funded
Integrated Digitised Biocollections (iDigBio: https//www.idigbio.org/portal/) that have
compiled millions of data representing innumerable species of flora and fauna. These
digitised data give an immense opportunity to conduct a study on ancient biodiversity. The
tropical regions had comparatively fewer opportunities to collect the specimens than their
European and American counterparts. Certain countries, like Brazil, have started compiling
data from their collection preserved in different museums outside the country. They are
collecting it in the form of digital data, and it can be retrieved for studying the ancient
biodiversity of Brazil in the Ancient past, comparable to the biodiversity of flora and fauna
preserved in wild regions (Zappi et.al., 2015). Such initiatives can be taken by Indian
institutions regarding the collection of data on the species preserved in different museums
around the world.

METHOD AND METHODOLOGIES:

In the present scenario, the world is facing many challenges and climate change is one
of them. Across the world, several studies are underway to study the impact of climate
change. Museums as a repository of biological collections may serve as an important
laboratory for climate change research. In this small study, the focus is on the relevance of
biological collections preserved in various Natural History Museums. The study will attempt
to document ancient biodiversity by studying various taxa in museum collections. The
research is based on studying morphological as well as cytological changes caused by
climatic changes. The author has focused on different biological collections preserved in
various natural history collections. Though the museums are informal institutions by their
origin but through the passage of time, it has proved that nowadays they have transformed
into research centres conducting various studies on cytology, morphology, comparative
anatomy, phenology and various other branches of biology. The ecological study based on
biological collection is rather very rare, but it has its own importance in assessing the role
played by climate change over the period of time. Under this study, the information collected
about the biological collections will be used to describe the importance of museum specimens
and their role in the analysis of climate change in the ancient past.

RESEARCH METHODOLOGY:

The research methodology for analysing the biological collections for understanding
the effects of climate on the biodiversity involves a review-based approach in different
museums across the world.

b) Data Collection
Primary Data: The primary data is based on a biological collection of the State Museum,
Lucknow.
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Secondary Data: A review of relevant literature, including government reports, research
articles, National Science Foundation project reports, and the Royal Society Publishing
Reports, etc.

MUSEUM SPECIMENS FOR GLOBAL CHANGE RESEARCH:

Initially, the museum specimens were collected as a precious repository by the elite
class and were not available for research and learning. However, in modern times, the
scenario has changed entirely, and these museum collections are now an important source for
research and future studies, open to all. On average, there are approximately 1.5 million data
points preserved worldwide. These species are the most authentic record for ancient
biodiversity and a reference for taxonomists. Surprisingly, there are many newly discovered
species present in the collection of the museum. Interestingly, they might not have been seen
in a particular area for a long time and declared extinct (Kemp, 2015). Museum specimens
are the best repositories to be used as ecological data to study the phenology and distribution
of the species. Long-term data collection in the wild gives us comparative data for
phenological study and distribution patterns. But it has a limitation to a few years or
centuries. But the museum data collection has an edge over it. It gives a data set of
approximately 200 to 300-year-old preserved specimens in various collections. It will help in
studying phenological variations over the years and across climatic space, viz, temperature
and precipitation. Based on the field slips attached to the specimens, we get the information
about the provenance of the species, and it gives a comparable data set for the comparative
geographical distribution of a particular species. Analysis of these data reveals the ancient
distribution of the species, and comparing with the modern distribution throws light on the
impact of climatic change (Freeley, 2012). It gives an insight into the shifting distribution and
community composition of a particular species (DeCandido, 2004).

The phenological studies, like changes in beak shape and size of a particular species,
in case of non-availability of a particular non-berry species, give an insight into the climatic
change of a particular area. Stable isotope analysis of plant and animal tissue provides
important data on species’ ecologies and life histories, a next-to-impossible task for field
biologists (McLean, 2015). Apart from species conservation, extracting aDNA from these
species has allowed reconstruction of phylogenetic relationships, which will ultimately give
information about the hybridisation generating barcode of life, bottleneck species,
introgression, range contraction and range expansion, etc. (Wandeler et.al., 2007). Whole-
genome sequencing is an important source for identifying mutations in a particular species.
Apart from this, using high-resolution molecular techniques, we can extract fungi and other
pathogens from the soft tissues of the preserved specimens (Yoshida, 2013).

The preserved specimens are a valuable source of study for understanding
environmental changes and biological evolution over time. A thorough analysis of a
preserved specimen gives an overview of the emergence and expansion pattern of pathogens
causing the extinction of a particular species. For example, the preserved specimen analysis
of amphibians explains that the extinction driver of amphibians, the chytrid fungus, was
spread across the world.

Likewise, the presence of atmospheric black carbon soot on the feathers of the bird in
the biological collection has led to the formulation of the pollution control policies in the US.

RESULT AND CONCLUSION:

Various human activities in the Anthropocene age have resulted in changes in
Biodiversity, Biogeochemical cycles, ecosystems, and climate change. Several research
projects are underway to find ways to reduce their intensity. Invasive species, habitat
conversion, human exploitation, and Conversion of Land are a few prominent drivers.
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Climate change is a major threat to biodiversity in the wild. Field biologists are conducting
studies on phenology, morphology, and distribution patterns, but it has limitations of space
and time. The biological collections are important repositories to combat this problem. Both
dry and wet specimens of flora and fauna, preserved in the Natural History Museums, serve
as a medium for interpretation through physical, digital and virtual modes

These collections are preserved way back 200-300 years and serve as an important
source of information related to aDNA analysis, nutritional content, prey-predator
relationship, and fungal infection. There are several specimens of a single species, which
allows conducting a study on phenology, taxonomy and other comparative aspects of the
specimens. There are many species which preserved in museums but are not found in the
wild. Morphological study of the specimens gives an idea of the carbon-soot deposit on the
feathers, explaining the pollution in a particular space and time. The heavy metal deposits in
the bone and tissues are also a marker of the pollution. A thorough study of these specimens
gives an idea of mutation and decline in population due to climatic changes over a period of
time. It is only biological specimens that may serve as a source of research to conduct a
comparative analysis of data collected from ancient specimens with their modern counterpart.
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THE ROLE OF BIODIVERSITY IN ENHANCING CLIMATIC RESILIENCE OF
ERI SILKWORM AND HOST PLANT ECOSYSTEMS

Revati Sharma and Sunita Arya
Department of Zoology
Dayanand Girls Post Graduate College, Kanpur, Uttar Pradesh
Email 1d: revti.sharma2013@gmail.com;
Email 1d: sunitaarya_knl5@csjmu.ac.in;

Abstract:

Eri silk production (Samia ricini Donovan) represents a unique sericulture system
deeply intertwined with biodiversity conservation and climate adaptation, particularly in the
northeastern regions of India where it forms an integral component of traditional agroforestry
landscapes. This chapter examines the critical role of biodiversity in enhancing the climatic
resilience of eri silkworm and host plant ecosystems, focusing on the complex ecological
interactions that buffer against climate variability and enable adaptive responses to long-term
environmental change. Through systematic analysis of biodiversity at genetic, species, and
ecosystem levels, we demonstrate how biological diversity acts as a fundamental insurance
mechanism against climatic stresses. The chapter synthesizes evidence from ecological
theory, empirical field studies, and traditional ecological knowledge to elucidate three
primary mechanisms: insurance effects and functional redundancy, adaptive capacity through
genetic variation, and ecosystem service provisioning. We propose integrated biodiversity-
based adaptation strategies encompassing conservation of genetic resources, promotion of
host plant diversity, enhancement of agroecosystem complexity, and integration of traditional
knowledge systems. Eri sericulture emerges as a model system demonstrating how
agricultural production can be sustained through climate change by leveraging biodiversity
that underpins ecosystem function.

Keywords: Eri-culture, Eri-silkworm, Biodiversity, Host plant, Climate adaptation,
Agroforestry.

1. INTRODUCTION

The eri silkworm (Samia ricini Donovan), also known as the castor silkworm,
represents one of the most commercially important non-mulberry silk producers in tropical
and subtropical regions. Unlike the domesticated mulberry silkworm (Bombyx mori), eri silk
production maintains closer connections with natural ecosystems and biodiversity, making it
particularly relevant for understanding climate-biodiversity-agriculture interactions (Sarmah
et al., 2010). The system is primarily practiced in northeastern India, particularly Assam,
where it forms an integral component of rural livelihoods and traditional agroforestry
systems. Climate change presents unprecedented challenges to sericulture globally, with
altered temperature regimes, precipitation patterns, and increased frequency of extreme
weather events threatening production stability (Kusuma et al., 2024). The eri silk ecosystem
faces particular vulnerability due to its dependence on specific host plants and environmental
conditions. However, the inherent biodiversity within these systems spanning genetic,
species, and ecosystem levels offers potential adaptive mechanisms that can enhance
resilience.

Biodiversity serves multiple functions in ecosystem resilience: it provides functional
redundancy, enables adaptive responses through genetic variation, maintains ecosystem
processes across environmental gradients, and creates insurance effects against disturbances
(Oliver et al., 2015). This chapter explores mechanisms through which biodiversity enhances
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climatic resilience in eri silkworm and host plant ecosystems, examining current biodiversity
states, climate change threats, and management strategies that leverage biodiversity for
adaptation.

2. BIODIVERSITY COMPONENTS IN ERI SILK ECOSYSTEMS
2.1 Genetic Diversity of Eri Silkworms

Genetic diversity within eri silkworm populations represents the foundation for
adaptive capacity under changing climatic conditions. Unlike the highly domesticated B.
mori, eri silkworms maintain substantial genetic variation, with multiple ecotypes adapted to
different geographical and climatic zones (Pradeep et al., 2011). This genetic diversity
manifests in traits critical for climate adaptation, including thermal tolerance, developmental
plasticity, disease resistance, and feeding efficiency across varying host plant qualities.
Studies have identified significant genetic variation in eri silkworm populations across
northeastern India, with distinct genetic clusters corresponding to different agro-climatic
zones (Vijayan et al., 2009).

These populations exhibit differential responses to temperature stress, with some
ecotypes demonstrating superior survival and cocoon production under heat stress conditions.
Wongsorn et al., 2015 concluded that morphological traits, the ability of genotypes to
produce different phenotypes under varying environmental conditions represents another
critical dimension. Eri silkworms demonstrate considerable plasticity in developmental rates,
body size, and cocoon characteristics in response to temperature and humidity variations
enabling population persistence across environmental fluctuations.

2.2 Host Plant Diversity

The diversity of host plants available to eri silkworms constitutes a crucial component
of ecosystem resilience. While castor (Ricinus communis) remains the primary host plant, eri
silkworms can feed on multiple species including cassava (Manihot esculenta), Kesseru,
Tapioca, Borpat, papaya (Carica papaya), and Evodia flaxinifolia (fig.1) (Gogoi et al., 2024).

Castor Kesseru Borpat

Tapioca Papaya Manihot

Fig. 1. Host plants of Eri-Silkworm (Samia ricini Donovan)
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This polyphagous nature contrasts sharply with the obligate monophagy of mulberry
silkworms and provides significant advantages for climate adaptation. Different host plants
exhibit varying responses to climatic stresses. Castor demonstrates considerable drought
tolerance but is sensitive to waterlogging, while cassava shows opposite characteristics
(Bellotti et al., 2012). The availability of multiple host plant species creates temporal and
spatial insurance against host plant failure due to climatic extremes. Within-species diversity
of host plants also contributes to resilience, with castor landraces showing substantial
variation in climatic adaptations (Ganesan et al., 2023). Traditional agroforestry systems in
Assam maintain diverse castor varieties alongside other host plants, creating a mosaic of
resources that buffer against environmental variability.
2.3 Associated Biodiversity in Agroforestry Systems

Eri silk production typically occurs within complex agroforestry systems that harbor
substantial associated biodiversity. These systems integrate host plant cultivation with other
tree species, crops, and natural vegetation, creating heterogeneous habitat matrices that
support diverse communities of natural enemies, pollinators, and soil organisms. (Borah et
al., 2023) Natural enemies of eri silkworm pests provide robust biological control across
varying environmental conditions through functional complementarity and compensatory
dynamics. Climate change can disrupt pest dynamics, but diverse natural enemy communities
buffer against outbreak situations (Snyder et al., 2006). Soil biodiversity plays fundamental
roles in nutrient cycling, water retention, and plant health. Arbuscular mycorrhizal fungi
enhance plant drought tolerance and nutrient uptake, improving host plant quality for
silkworm nutrition (Augé et al., 2015).

3. MECHANISMS OF BIODIVERSITY-MEDIATED CLIMATIC RESILIENCE
3.1 Insurance Effects and Functional Redundancy

The insurance hypothesis posits that biodiversity buffers ecosystem functioning
against environmental variability through functional redundancy and complementarity (Yachi
and Loreau, 1999). In eri silk ecosystems, multiple species and genotypes perform similar
ecological functions but respond differently to environmental conditions. When one
component fails under specific climatic stress, others can compensate, maintaining overall
system productivity. Functional redundancy operates at multiple levels in eri systems. At the
host plant level, the availability of multiple species provides insurance against species-
specific climate vulnerabilities. When castor suffers from drought stress, cassava may
maintain productivity, ensuring continuous silkworm nutrition. Similarly, genetic diversity
within silkworm populations ensures that some genotypes maintain fitness across varying
thermal conditions, stabilizing production across seasons and years (Shanafelt et al., 2015).
The insurance effect becomes particularly important under increasing climate variability,
where extreme events may cause severe but temporary impacts. Diverse systems recover
more rapidly from disturbances because surviving components can expand to fill functional
roles (EImgvist et al., 2003).

3.2 Adaptive Capacity through Genetic Variation.

Genetic diversity provides the raw material for evolutionary adaptation to changing
environmental conditions. Populations with greater genetic variation possess higher
probability of containing genotypes pre-adapted to new conditions or capable of evolving
adaptive responses (Jump et al., 2009). For eri silkworms, genetic diversity in thermal
tolerance, developmental timing, and stress resistance traits enables population-level
adaptation to warming trends and altered seasonal patterns.

Evidence suggests that eri silkworm populations can undergo rapid microevolution in
response to selection pressures. Research on temperature adaptation has shown that
populations reared under elevated temperatures for multiple generations develop enhanced
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heat tolerance while maintaining productivity (Rajput et al., 2023). This adaptive potential
depends critically on maintaining genetic variation within breeding populations and avoiding
genetic bottlenecks that erode adaptive capacity. Host plants similarly require genetic
diversity for climate adaptation. Traditional farming practices that maintain diverse landraces
and allow gene flow among populations support this adaptive capacity. (Kaushik et al.,
2025).

3.3 Ecosystem Services Supporting Resilience

Biodiversity underpins ecosystem services that buffer both silkworms and host plants
against climatic stresses. Microclimate regulation represents a critical service enhanced by
biodiversity. Complex vegetation structure in diverse agroforestry systems moderates’
temperature extremes, reduces wind speed, and maintains humidity, creating buffered
microclimates that protect both plants and insects from climatic extremes (Lin, 2007). Studies
in Assam demonstrate that eri silkworm rearing houses located within diverse agroforestry
systems experience lower temperature fluctuations compared to those in open areas.

Water regulation services provided by diverse plant communities and soil biodiversity
become increasingly important under changing precipitation patterns. Deep-rooted tree
species access water during drought periods while maintaining soil structure that enhances
infiltration during heavy rainfall events. Pollination services, though less critical for wind-
pollinated castor, remain important for alternative host plants and companion crops, with
diverse pollinator communities maintaining function across varying weather conditions
(Frund et al., 2013).

4. CLIMATE CHANGE THREATS TO BIODIVERSITY AND RESILIENCE
4.1 Direct Climate Impacts

Rising temperatures directly affect eri silkworm physiology, development, and
survival. Optimal rearing temperatures for eri silkworms range from 24-28°C, with
performance declining at higher temperatures (Sarmah et al., 2010). Projected temperature
increases of 2-4°C in northeastern India by 2050 could push conditions beyond optimal
ranges during critical periods, reducing survival rates, extending larval duration, and
decreasing cocoon quality (Mohammad et al., 2024).

Temperature increases also affect host plants, with castor showing reduced leaf
quality and increased secondary compound production under heat stress, potentially reducing
nutritional value for silkworms. Altered precipitation patterns create additional stresses.
Phenological mismatches represent subtle but significant impacts. If silkworm development
and host plant leaf production become temporally desynchronized due to differential
responses to temperature changes, nutritional stress may occur during critical larval stages
(Das et al., 2021).

4.2 Indirect Effects through Biodiversity Loss

Climate change threatens biodiversity through multiple pathways, potentially
undermining resilience mechanisms. Range shifts and local extinctions of associated species
may disrupt ecological interactions that support system function. Natural enemies may fail to
track pest range expansions, leading to pest outbreaks. Similarly, beneficial soil organisms
may decline under altered moisture regimes, reducing nutrient cycling and plant health
services.

Van et al., 2010 emphasize that Genetic diversity erosion represents a critical but
often overlooked climate impact. As farmers respond to immediate climate stresses by
adopting recommended high-performing varieties, traditional landraces and ecotypes may be
uninhibited, resulting in genetic erosion. Studies document concerning declines in castor
landrace diversity in northeastern India, driven partly by climate-related production
challenges. Landscape homogenization driven by climate-induced agricultural changes
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further threatens biodiversity, eliminating the biodiversity-based insurance mechanisms that
provide long-term resilience.5. Biodiversity-Based Adaptation Strategies

5.1 CONSERVATION OF GENETIC RESOURCES

Maintaining genetic diversity in both silkworms and host plants represents a
fundamental adaptation strategy. This requires multi-pronged approaches combining ex-situ
and in-situ conservation. Germplasm collections should preserve diverse ecotypes from
across climatic gradients, prioritizing populations from warm, dry regions that may harbor
pre-adapted genotypes for future conditions (Kumaraswamy et al., 2022; Peixouto and
Peixouto 2025).

In-situ conservation through support for traditional farming systems that maintain
diverse varieties proves equally important. Policies encouraging farmers to continue
cultivating multiple castor landraces and alternative host plants preserve adaptive genetic
variation while maintaining functional diversity. Participatory breeding programs that engage
farmers in selection under diverse conditions can enhance both genetic diversity and local
adaptation. (Ceccarelli and Grando, 2007).

5.2 Promoting Host Plant Diversity

Encouraging cultivation of multiple host plant species provides immediate resilience
benefits. Extension programs should provide information on alternative hosts and their
specific climate tolerances, enabling farmers to make informed decisions about host plant
portfolios matched to local climate projections. (Kaushik et al., 2025) studied that the
diversified plantings can be arranged spatially (different host species in different areas) or
temporally (sequential plantings of species with different climate sensitivities). Temporal
diversification proves particularly valuable for managing seasonal climate variability,
ensuring host plant availability across varying conditions. Developing integrated host plant
management systems that enhance the climate resilience of individual species such as
mulching to conserve soil moisture, supplementary irrigation during drought periods, and
shade provision during heat waves complements diversity-based strategies (Attri et al., 2024).
5.3 Enhancing Agroecosystem Complexity

Promoting complex agroforestry systems that integrate eri silk production with
diverse tree species, crops, and natural vegetation enhances multiple dimensions of resilience.
Strategic tree planting can provide shade to moderate temperature extremes, windbreaks to
protect plants and rearing structures, and deep-rooted species that access deep water while
improving soil structure (Verchot et al., 2007). Habitat management for beneficial organisms
strengthens biological control and pollination services. This includes maintaining hedgerows,
flower strips, and natural vegetation patches that provide nectar, pollen, and refugia for
natural enemies and pollinators. Landscape-level diversity complements farm-scale diversity
by maintaining species pools that can recolonize after local disturbances. Conservation of
forest patches, wetlands, and natural grasslands within sericulture landscapes preserves
regional biodiversity that supports ecosystem resilience.

6. TRADITIONAL KNOWLEDGE AND BIODIVERSITY MANAGEMENT
Indigenous and traditional knowledge systems offer valuable insights for biodiversity-
based climate adaptation. Traditional eri silk farmers in Assam have developed sophisticated
practices for managing biodiversity across varying environmental conditions, including
maintenance of multiple host plant varieties, timing of rearing based on seasonal indicators,
and habitat management practices that support natural enemies (Narzary and Boro 2025).
Traditional variety selection and seed-saving practices have maintained genetic diversity
while adapting varieties to local conditions over generations. These practices embody
accumulated wisdom about variety-environment interactions and provide tested approaches
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for managing climate variability (Attri et al., 2024). Community-based management
institutions traditionally govern resource use and biodiversity conservation in many eri-
producing regions. Strengthening such institutions while respecting traditional governance
systems provides social infrastructure for implementing biodiversity-based adaptation.

7. CONCLUSION:

Biodiversity emerges as a fundamental resource for enhancing climatic resilience in
eri silkworm and host plant ecosystems. Operating through insurance effects, adaptive
capacity, and ecosystem service provision, biodiversity at genetic, species, and ecosystem
levels buffers production against climate variability and provides adaptive potential for
responding to long-term changes. However, climate change itself threatens biodiversity
through direct impacts and indirect effects, potentially undermining resilience mechanisms
precisely when they become most critical.

Adaptation strategies that prioritize biodiversity conservation and enhancement offer
promising approaches for climate-resilient eri sericulture. These include conservation of
genetic resources, promotion of host plant diversity, enhancement of agroecosystem
complexity, and integration of traditional knowledge. Implementation requires coordinated
efforts spanning policy support, research advances, extension services, and community
engagement.

The eri silk system, with its integration of production and conservation objectives and
its embeddedness in traditional agroforestry systems, provides a model for biodiversity-based
adaptation in agricultural systems more broadly. Lessons from eri sericulture can inform
adaptation strategies across diverse agricultural contexts facing similar climate challenges.
Ultimately, securing the future of eri silk production depends on recognizing and actively
managing the biodiversity that underpins its resilience, ensuring that this unique sericulture
tradition continues to support livelihoods while conserving biological diversity in a changing
climate.
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INTEGRATING INDIAN KNOWLEDGE SYSTEM FOR SUSTAINABLE
BIODIVERSITY CONSERVATION
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Abstract:

India since ancient times has a strong environmental ethical base. In the past few
decades’ biodiversity loss has been very sharp and has accelerated due to human activities of
industrialization and urbanisation. Climate change is the most seriously observed phenomena
due to superfluous race of modernisation by humans. It is important to integrate the Indian
Knowledge System (IKS) with modern biodiversity strategies. Organisations UNESCO,
IUCN, National Biodiversity Authority (NBA, India) are working together to create an
observable difference at a global level while making positive changes at local level. IKS is
easy to incorporate and provides working solutions. The typical Indian Knowledge System
practiced by tribal and rural communities is also termed as Traditional Ecological Knowledge
(TEK). These areas function as In-situ conservation areas and are useful in performing
watershed functions, carbon sequestrations and regulation of microclimate. These areas are
microcosms of biodiversity and are a huge reservoir of endemic gene pool.

Keywords: Biodiversity, Climate change, Indian Knowledge System, Traditional Ecological
Knowledge, Tribal Communities, Rural Communities

INTRODUCTION:

India since ancient times has a strong environmental ethical base rooted in an intricate
relationship between nature and our culture. Our knowledge, comprises not only a
philosophical or an ethical perspective but also an ecological perspective. Our ecological
perspectives deeply integrate the conservation of nature or biodiversity.

We have traditionally safeguarded our environment even long before when ecology was
established as a part of study by modern science. Indians were well informed and understood
that all life forms are interconnected and a harmony between them and the environment is a
duty which should be performed as a sacred ritual.

In the past few decades’ biodiversity loss has been very sharp and has accelerated due

to human activities of industrialization and urbanisation. Climate change is the most seriously
observed phenomena due to superfluous race of modernisation by humans. The damage has
increased many folds as observed by many scientific studies and environmentalists. 1KS
provides quick and efficient solutions which have already been in use in the past. This will
help in slowing down and start reversing the damage caused to our climate and biodiversity.
It is important to integrate the Indian Knowledge System (IKS) with modern biodiversity
strategies so that science can be combined with culture and help manage what we have lost
and preserve what we are left with. Organisations like UNESCO, IUCN, National
Biodiversity Authority (NBA, India) are working together to create an observable difference
at a global level while making positive changes at local level.

IKS is easy to incorporate and provides working solutions. The conceptual
foundations of the Indian Knowledge System as well as its inherent capability to manage
biodiversity can be effortlessly integrated for understanding local ecological knowledge and a
sustainable use of the resources available, by combining them with scientific interpretations
and principles. (Chanyal, 2022)

Organized by:
Shri Rajiv Gandhi Government College Banda, District Sagar, MP 15



National webinar on Climate change and Biodiversity 2025

Historical Evidence of Environmental Thought in India

Indian texts written in ancient times like Vedas, Upnishads, Puranas, Arthashastra
provide us with a detailed information about ecology. They all describe interdependence,
balance and conservation of all the available biotic as well as abiotic factors.

The Rig Ved focuses on the purity of the natural elements (Prithvi/ Earth, Vayu/ Air,
Apah/ Water, Fire. Agni and Aakash/Space) and their preservation. Atharvaveda is full of text
which describes restrictions and warnings against polluting the rivers, shedding of trees,
destruction of forests. It also details the fragility of the ecosystem and the consequences of
the disturbance of balance between man, animal and plant relationships. Arthashastra written
by Kautilya describes penalties for destruction and damage to forests and emphasises on
appointing officials. Jain and Buddhist philosophies focus on non-violence and teach respect
of our living forms. Emperor Ashok had wildlife protection laws and was known for
establishing nature reserves. Most of our ethics are related to religious activities whether it is
the worship of the natural elements, protection of cattle, farm animals, forests and its
inhabitants. Indian tradition has strong environmental ethics and we have always taken
biodiversity conservation with serious thought (Harshit, 2025).

Indigenous and Traditional Ecological Knowledge (TEK)

The typical Indian Knowledge System when as practiced by tribal and rural

communities in terms of ecology is also termed as Traditional Ecological Knowledge (TEK).
This traditional ecological knowledge is intergenerational. TEK is all about practises which
can align with agriculture, forestry and water management. Traditional beliefs always play an
important role in protecting wild animals and their habitat.
In one such case in Pachmarhi Biosphere Reserve (Madhya Pradesh) the tribal groups have
maintained an area of the forest through rotational harvesting and sacred grooves. They have
managed 128 plant species which can be utilised not only for food but medicine, rituals and
livelihood. These communities are a living repository of the biodiversity of that area. This
knowledge has been passed on through generations and are living example where cultural
identity has been linked with conservation (Gadgil, 2021 ; Kala, 2022). Another fine example
is a tribe in Arunachal Pradesh, the Bugun tribe which is trying to protect a critically
endangered bird species Bugun liocichla, (ECONE, n.d.).

The most stable kind of IKS based conservation models are the sacred groves or forest
patches that have been preserved through centuries. These sacred groves function as In-situ
conservation areas. They are useful in performing watershed functions, carbon sequestrations
and regulation of microclimate. They are community reserves and their structures are
designated under the Wildlife (Protection) Amendment Act, 2002. The groves integrate
indigenous practises within the legal framework and maintain a higher species richness and
genetic variability than the surrounding areas which are affected by agriculture or
urbanisation (https://en.wikipedia.org/wiki/Sacred_groves_of India n.d.).

A few examples of sacred groves include Devrai, Oran and Sarna situated in
Maharashtra, Rajasthan, Eastern India, Meghalaya, Odisa, Jharkhand, Western Ghats and
West Bengal etc. We have about more than 100,000 sacred groves across India. These groves
serve as cultural keystone ecosystems, are microcosms of biodiversity, secure a lot of
threatened flora and fauna and are a huge reservoir of gene pool including endemic species of
medicinal plants, as well as animals. Any kind of logging, hunting or damaging activity is
prohibited in these groves ensuring ecological stability and long-term survival (Ormsby and
Bhagwat, 2010; Ahmed and Dhiman, 2024).
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Influence of Tribal Biodiversity Conservation

The tribal communities of India harbour an extensive and unique knowledge of
medicinal plants, passed down through generations. The following examples are a strong
proof of these ethnic groups being the cultural custodians of biodiversity and their resilience
towards the cause of preservation (Ravishankar, 1995; Ravishankar, 1996; Anju and Kumar,
2024; Babar et al.,2024, Ranavagol and Savanur, 2025).

e The Gonds, Kolams, and Koyas of Central India and across Andhra Pradesh manage
diverse ecosystems through sustainable harvesting, sacred groves, and rotational
agriculture practices. The Gonds use multi-species cropping systems combined with
nitrogen-fixing plants that maintain soil fertility and forest resilience. The Kolams
maintain strict harvesting calendars that coincide with seasonal flowering and fruiting
patterns, preventing overharvesting of forest products. Koyas integrate riverine
biodiversity conservation with community fisheries.

e In northeastern India Wancho Tribe of Arunachal Pradesh follows indigenous fallow
management by blending shifting cultivation with forest regeneration. They introduce
nitrogen-fixing species and regulate secondary forest regeneration to balance soil
recovery. These traditional practices reduce deforestation, creates nutrient cycling while
preserving pollinators and habitat.

e The Mullu Kuruman Tribe of Tamil Nadu’s Nilgiri Biosphere Reserve demonstrates an
advanced ethnobotanical system centered on the use of over 100 medicinal plant species
and their knowledge spans pharmacognosy, plant taxonomy, and sustainable harvesting.
The tribe’s plant-based formulations inspire research into anti-inflammatory and
antidiabetic compounds, illustrating how IKS can help modern pharmacology.

e Nagaland’s Community Conserved Areas (CCAs) connected three Naga villages Sukhai,
Kivikhu, and Ghukhuyi Villages. Over 222 bird species and 200 butterfly species have
been documented due to ban on hunting and destructive fishing. Integration of CCAs
with People’s Biodiversity Registers (PBRs) allowed formal recognition of traditional
biodiversity governance systems.

e In Mudumalai Tiger Reserve, Tamil Nadu Toda, Irula, and Kurumba tribes have become
partners in conservation through eco-tourism initiatives emphasizing traditional herding
and forest knowledge.

e \Western Ghats Private Conservation Initiatives have privately managed forest restoration
projects in partnership with tribal labour. This NGO conservation network sustains
endemic tree species and wildlife corridors in degraded plantations.

e A nationwide ethnobotanical survey revealed that over 100 tribal groups across India
maintain detailed medicinal plant records. Tribes such as lrulas, Paliyars, Pulayars, and
Kadars in Tamil Nadu and Kerala cultivate small herbal gardens contributing to ex-situ
plant conservation.

e The Karbi tribe of Assam emphasize renewal of land through rotational farming and
seed-sharing festivals.

e Tribal and fisher communities in Andhra Pradesh, Odisha, and Maharashtra have
restored over 2,000 hectares of degraded mangrove ecosystems through community-led
reforestation projects. These actions mitigate coastal erosion and climate and regenerate
spawning grounds for marine biodiversity.

Knowledge Preservation and Digital Documentation

There are challenges in maintaining the Indian knowledge system (IKS) as most of
the times it is orally transmitted. Due to modernisation and globalisation, local inhabitants are
migrating. So, the maintenance of this wisdom and information passed down from
generations is getting challenging.
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To address this challenge our government has taken initiatives like the National
Mission On Cultural Mapping, Digital India and the National Traditional Knowledge Digital
Library (TKDL). Together they are working to preserve the indigenous knowledge in
validated form. They are also working to preserve the ethnobotanical, ethnomedicinal and
agronomic data.

These digital repositories in combination with People Biodiversity Registers (PBRS)
are working as knowledge banks for the community. They promote participation in the form
of documentation and also integrate Al tools, open access data frameworks as well as
blockchain verifications to protect this knowledge with integrity and also prevent biopiracy.

Education and Research Integration

The National Education Policy (NEP 2020) is having provisions to maintain the
Indian Knowledge System in higher education. Our universities are now offering courses
which link IKS with Sustainability, Ethnobiology, Global Biodiversity and Governance. Our
institutes such as Rashtriya Ayurveda Vidyapeeth, Centre for Indigenous Knowledge Systems
and 1ITs have initiated curriculums which are interdisciplinary and can blend traditional
wisdom with modern environmental research. The Department of Science and Technology
and the Ministry of AYUSH are trying to bridge local innovations regarding traditional plant
breeding and soil conservation methods with national missions.

Challenges and Threats

The coexistence of IKS and modern scientific frameworks does face a lot of
challenges and we need to bridge the gaps. The migration of younger generation to cities has
weakened community-based knowledge transfer and the erosion of oral traditions is one of
the major challenges observed.

Another issue is commercial exploitation of natural resources without Prior Informed
Consent (PIC) which threatens the integrity of the area. The resources and their products are
being used for bioprospecting and not for maintenance of biodiversity.

Legal aspects cannot be overlooked where they overlap between intellectual property laws,
biodiversity acts and community rights and legal ambiguity can lead to complexity in
enforcement of laws.

Last but not the least the change in the climate has altered rainfall and the species
have shifted as per their requirement. This shift leads to reduction in local ecological
predictability. Hybrid scientific and indigenous adaptation frameworks can help us better
understand the movement of the species and the changes in their characters according to their
new adaptation (Negi et al. 2023).

Legal and Policy Frameworks

In India traditional knowledge is legally recognised by the government as the basis of
biodiversity governance and accordingly related laws are made. The Biological Diversity Act,
2002, mandates that the benefit sharing and intellectual property rights for local knowledge
holders have to be equitable. The Indian government works through People’s Biodiversity
Registers (PBRs) which document the community level biological and traditional knowledge
and prevent bio piracy. Our laws have made judicial developments which recognise climate
change as a constitutional right and emphasise that indigenous knowledge should be
integrated into the National Policy Framework.
Our National Biodiversity Board (NBA) and the State Biodiversity Board (SBB) collaborate
with the Local Biodiversity Management Committees (BMCs) and together they combine
scientific legal and community-based approaches where they ensure that the guardians are
also the beneficiaries.

Organized by:
Shri Rajiv Gandhi Government College Banda, District Sagar, MP 18



National webinar on Climate change and Biodiversity 2025

At the global level the Convention On Biological Diversity (CBD) and the Nagoya
Protocol together advocate that we need to respect traditional knowledge and follow the
customary laws with community consent (Kaur et. al. 2025;
https://t20southafrica.org/publications/integrating-indigenous-knowledge-systems-into-
global-policy-frameworks/, n.d.).

Creating An Integrated Framework

To integrate IKS with contemporary biodiversity governance it is important to
promote dialogue between traditional healers, farmers and ecologists so that we can bridge
the gap between empirical and experiential knowledge.

The local and tribal community needs to be assured that the biodiversity in their
region will be utilised non exploitatively and their claim will be strengthened by providing
them rights and equitable access so that the knowledge does not lose its originality.

Students should be encouraged to enhance their local ecological knowledge and conservation
ethics through biodiversity clubs. They should be educated via digital tools so that they can
rapidly progress in integrating this knowledge.

It is also important to align the national strategies under the National Mission on
Biodiversity and Human Well Being, 2020 and the IKS division initiatives under the Ministry
of Education to promote traditional wisdom backed by scientific support.

CONCLUSION:

The Indian knowledge system is not a remnant of the past but has sustained oral
traditions via generations. It is not only our rich cultural heritage but also a dynamic living
wisdom which offers valuable frameworks for conservation of biodiversity and sustainable
development.

In this globalisation era, homogenization, threatens are ecological and cultural

diversity. To maintain our identity, we need to focus on IKS which emphasises on local
ecology. It is important to realize that our well-being is reciprocal to Earth’s well-being.
The ecological practises which have been our tradition need to be protected by legal
framework and modern sustainable science. The sacred groves, the tribal agroforestry and the
traditional medicine all collectively illustrate our biodiverse ethnic background which has
been preserved since ancient times.

It is imperative to integrate our traditional ecological knowledge with modern
methods and protect it via policies, education, digital infrastructure so that we can prepare a
future which goes hand in hand in bridging science, spirituality, technology and tradition. It is
very important to revisit our indigenous patterns and frameworks to look for viable options
for a sustainable development.
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Abstract

Green Chemistry, also known as sustainable chemistry, represents an innovative
scientific approach that emphasizes the design of chemical products and processes which
reduce or eliminate the use and generation of hazardous substances. It seeks harmony
between technological advancement and ecological balance. In the context of Viksit Bharat—
a vision for a developed, self-reliant, and environmentally conscious India—Green Chemistry
emerges as a transformative tool for achieving sustainable growth. By prioritizing renewable
resources, atom economy, and waste prevention, it fosters cleaner production and responsible
consumption.

This paper focuses on the role of natural product-based Green Chemistry in replacing
harmful synthetic chemicals with eco-friendly alternatives derived from herbal and biological
sources. Natural extracts, essential oils, plant-based catalysts, and biopolymers offer
sustainable substitutes in industries such as pharmaceuticals, agriculture, textiles, and water
purification. These natural compounds are biodegradable, less toxic, and compatible with the
principles of circular economy and environmental protection.

Moreover, the integration of India’s traditional knowledge—Ayurveda, ethnobotany,
and indigenous resource management—into modern scientific research promotes innovation
rooted in heritage. Such an approach not only reduces chemical hazards but also strengthens
rural economies through the cultivation of medicinal and aromatic plants. The adoption of
herbal-based chemistry contributes directly to India’s goals of Atmanirbhar Bharat (self-
reliant India) and Viksit Bharat by promoting sustainable industrial practices, employment
generation, and ecological conservation.

In conclusion, natural product-based Green Chemistry offers a comprehensive model
for sustainable development by bridging science, society, and sustainability. It is a decisive
step toward building a cleaner, greener, and self-reliant India where economic progress
coexists with environmental integrity.

Keywords: Green Chemistry, Natural Products, Sustainable Development, Herbal
Alternatives, Viksit Bharat

INTRODUCTION

India’s vision of Viksit Bharat (Developed India) is not limited to economic
advancement—it envisions a nation where progress is inclusive, environmentally responsible,
and sustainable. True development lies in achieving harmony between industrial growth,
social welfare, and ecological balance. In this context, the integration of science and
sustainability becomes crucial. As India continues to urbanize and industrialize rapidly, it
faces mounting challenges of pollution, chemical waste, and resource depletion. Traditional
chemical industries, though vital for national growth, rely extensively on hazardous
substances such as toxic solvents, synthetic reagents, and non-biodegradable materials. These
contribute to environmental degradation, water contamination, and long-term health hazards.
Green Chemistry, often referred to as sustainable chemistry, provides a powerful solution to
these challenges. It is a forward-looking scientific approach that seeks to design chemical
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products and processes that minimize environmental impact and maximize efficiency. Rather
than controlling pollution after it occurs, Green Chemistry emphasizes prevention at the
molecular level. By focusing on renewable resources, safer solvents, and energy-efficient
reactions, it represents a paradigm shift from conventional chemistry toward sustainability.
One of the most promising dimensions of this field is natural product-based Green Chemistry,
which involves utilizing renewable biological materials—such as plants, herbs, essential oils,
and agricultural residues—as sustainable substitutes for synthetic chemicals. These natural
resources are biodegradable, non-toxic, and easily available in India’s diverse ecosystems.
Their application spans across multiple sectors—pharmaceuticals, agriculture, textiles,
cosmetics, and environmental remediation. By replacing synthetic reagents with herbal or
bio-based alternatives, industries can significantly reduce their ecological footprint while
maintaining product quality and efficiency.

This approach aligns seamlessly with India’s cultural and scientific heritage. The principles
of sustainability, conservation, and responsible use of nature have been embedded in India’s
traditional systems such as Ayurveda, Siddha, and Unani. For centuries, these systems have
utilized natural extracts and herbal compounds for healing, preservation, and daily living—
long before the concept of Green Chemistry emerged. Reviving and integrating such
indigenous knowledge with modern scientific techniques can strengthen India’s global
position in sustainable innovation.
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Furthermore, this transition holds immense potential for rural and economic development.
The cultivation of medicinal and aromatic plants for industrial use can provide livelihood
opportunities for farmers and local entrepreneurs. This promotes the concept of Atmanirbhar
Bharat (Self-Reliant India), where indigenous resources and innovations drive national
progress. By encouraging industries to adopt eco-friendly processes and supporting local
production of natural raw materials, India can reduce dependence on imported chemicals and
build a resilient, sustainable economy.

Green Chemistry is thus more than a scientific discipline—it is an ethical and
developmental framework that supports the vision of Viksit Bharat. It calls for collaboration
between scientists, policymakers, educators, and industries to create a sustainable ecosystem
of innovation. By merging ancient wisdom with modern science, India has the potential to
lead a global green revolution in chemistry—demonstrating that economic development and
environmental preservation are not opposing goals but complementary pathways toward a
prosperous, sustainable future.

Concept of Green Chemist of Green Chemistry

Green Chemistry, a concept introduced by Paul Anastas and John Warner in the
1990s, represents a revolutionary approach to chemical science that emphasizes
sustainability, safety, and efficiency. It is guided by twelve fundamental principles designed
to minimize or eliminate the generation of hazardous substances throughout the entire
chemical life cycle—from design and synthesis to use and disposal. These principles
advocate the prevention of waste at its source rather than its treatment after formation, the use
of less hazardous synthesis methods, and the design of safer chemicals and products that
reduce risks to human health and the environment. They also emphasize the use of renewable
feedstocks instead of depletable resources, energy-efficient processes that operate under mild
conditions, and the use of catalysts in place of stoichiometric reagents to enhance atom
economy. Moreover, the principle of designing for degradation ensures that chemical
products break down into harmless substances after use. Natural products inherently fulfill
many of these criteria, as they are renewable, biodegradable, and multifunctional, often
possessing inherent chemical properties that reduce the need for synthetic additives. Thus,
natural product-based Green Chemistry seamlessly bridges traditional ecological wisdom
with modern scientific innovation, offering a pathway toward truly sustainable chemical
practices.

Role of Natural Products in Green Chemistry

Natural products are chemical compounds obtained from plants, animals, or
microorganisms, and their application in Green Chemistry has attracted significant attention
due to their low toxicity, high efficiency, and inherent biodegradability. These bio-resources
serve as versatile and sustainable alternatives to conventional synthetic chemicals. For
instance, essential oils function effectively as natural solvents and antimicrobial agents; plant
extracts act as reducing and capping agents in the green synthesis of nanoparticles; bio-based
polymers derived from starch, cellulose, or chitosan offer eco-friendly substitutes for
conventional plastics; and herbal dyes provide non-toxic, biodegradable replacements for
synthetic colorants in the textile and cosmetic industries. The incorporation of such natural
materials into industrial and academic chemistry not only reduces environmental pollution
and resource depletion but also promotes circular economy principles by ensuring that
materials can be regenerated and reused sustainably. In this way, natural product-based Green
Chemistry contributes to cleaner production systems, minimizes ecological footprints, and
strengthens the global movement toward sustainable scientific innovation.
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Herbal Alternatives to Synthetic Chemicals Natural Dyes and Pigments

Synthetic dyes, though vibrant and inexpensive, contribute significantly to water
pollution, toxicity, and ecological imbalance due to their non-biodegradable nature. In
contrast, natural dyes derived from plants such as turmeric, indigo, madder, and henna are
eco-friendly, safe, and biodegradable. These dyes possess antimicrobial and antioxidant
properties, making them suitable not only for textiles but also for cosmetics, handicrafts, and
food coloring. Their extraction and use support rural artisans and small-scale industries while
minimizing environmental hazards. The revival of traditional dyeing practices through Green
Chemistry ensures sustainable production that preserves both cultural heritage and ecological
integrity.

Herbal Extracts as Green Catalysts

In conventional chemistry, catalysts such as mineral acids or heavy metals often
produce toxic residues and require complex disposal methods. Herbal extracts, including
plant-based acids like citric acid (from citrus fruits) and tartaric acid (from tamarind or
grapes), serve as natural catalysts that are renewable, biodegradable, and safe. Enzymes
extracted from papaya (papain) and pineapple (bromelain) efficiently catalyze organic
reactions under mild conditions, reducing the need for high temperatures or pressures. These
green catalysts not only enhance reaction efficiency but also minimize hazardous waste,
making them ideal substitutes in pharmaceuticals, food processing, and fine chemical
industries.

Natural Solvents

Traditional organic solvents, often derived from petroleum, are volatile and toxic,
contributing to air pollution and occupational hazards. Natural solvents, also known as bio-
solvents, such as glycerol, ethanol, and limonene (from citrus peels), are renewable and
biodegradable alternatives. They possess excellent solvating properties, low volatility, and
minimal environmental impact. Their use in extractions, syntheses, and cleaning processes
significantly reduces carbon emissions and exposure to harmful vapors. The adoption of these
green solvents not only supports safer laboratory and industrial operations but also aligns
with sustainable manufacturing principles essential for a cleaner and healthier environment.

Herbal Pesticides and Insect Repellents

The extensive use of synthetic pesticides has led to soil degradation, water
contamination, and loss of biodiversity. Herbal pesticides and repellents, derived from plants
such as neem, tulsi, and lemongrass, provide safe, biodegradable, and cost-effective
alternatives. Neem oil and azadirachtin compounds inhibit insect growth, while tulsi and
lemongrass oils act as natural repellents against mosquitoes and pests. These botanical
formulations preserve ecological balance, protect beneficial insects, and improve soil fertility.
Their large-scale adoption in agriculture supports organic farming practices, ensuring food
safety, environmental conservation, and sustainable rural livelihoods in alignment with the
goals of Viksit Bharat.

Integration of Traditional Knowledge and Modern Science

India’s rich tradition of Ayurveda, Siddha, and Unani medicine provides a vast
repository of herbal knowledge. Many herbs used in traditional formulations exhibit
antimicrobial, antioxidant, or catalytic properties that can be adapted for industrial chemistry.
Modern analytical tools—such as chromatography, spectroscopy, and computational
modeling—allow chemists to isolate active phytochemicals and study their reaction
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mechanisms. Integrating this ancient wisdom with modern chemical research can lead to
innovations in pharmaceuticals, materials science, and environmental management.

This synthesis of tradition and technology embodies the true spirit of Viksit Bharat—progress
rooted in heritage.

Applications of Natural Product-Based Green Chemistry in India

India has achieved significant advancements in implementing natural product-based
Green Chemistry across multiple disciplines, contributing to sustainable development and
environmental protection. Researchers have pioneered the green synthesis of nanoparticles
using extracts from neem, aloe vera, and tea, producing silver, gold, and zinc oxide
nanoparticles that find valuable applications in medicine, catalysis, and pollution
remediation. In response to the global plastic crisis, biodegradable polymers derived from
starch, cellulose, and chitosan are being developed as eco-friendly packaging alternatives,
reducing dependency on petroleum-based plastics. The pharmaceutical and cosmetic
industries increasingly employ phytochemicals such as curcumin, menthol, and camphor,
which provide therapeutic and aromatic properties without causing toxicity or skin irritation.

In agriculture, the use of natural composting agents, biofertilizers, and herbal pest
repellents enhances soil fertility, promotes biodiversity, and supports organic farming.
Furthermore, moringa seeds and activated carbon from coconut husk are utilized as efficient
natural adsorbents for the removal of heavy metals and dyes from contaminated water,
offering low-cost and sustainable solutions for water purification. These innovative
applications reflect India’s potential to harmonize traditional knowledge with modern
science, advancing the nation’s vision of a cleaner, greener, and self-reliant Viksit Bharat
through responsible and sustainable chemical practices.

Economic and Social Benefits for Viksit Bharat

Green Chemistry serves as a catalyst for inclusive and sustainable growth, forming a
cornerstone of India’s vision for Viksit Bharat. Its adoption empowers rural communities by
providing farmers with new income opportunities through the cultivation of medicinal and
aromatic plants, while promoting self-reliance by reducing dependency on imported
chemicals. The approach enhances health and safety by minimizing chemical toxicity,
creating safer environments for workers and consumers. It also drives employment
generation, as industries based on herbal formulations and bio-based materials create jobs in
rural and semi-urban regions. Furthermore, education and research benefit as schools and
universities incorporating Green Chemistry inspire students to pursue sustainable scientific
practices. By embedding these principles into industrial policies and educational curricula,
India can foster innovation, economic resilience, and environmental stewardship
simultaneously, steering the nation toward a cleaner, safer, and more prosperous future.

CHALLENGES AND LIMITATIONS

Despite its significant potential, the large-scale adoption of natural product-based
Green Chemistry faces several challenges. Standardization remains a major issue, as
variability in natural raw materials can affect consistency, quality, and reproducibility of
chemical processes. Additionally, extraction efficiency and cost and availability pose
constraints, since many herbal sources are seasonal or region-specific, limiting continuous
industrial supply. Research gaps further hinder progress, as limited funding, infrastructure,
and awareness in developing countries slow innovation and practical implementation.
Moreover, policy support is still evolving, with regulatory frameworks for certifying green
products not yet fully established. Addressing these challenges through government
incentives, targeted research collaboration, and public-private partnerships can accelerate the
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adoption of herbal and natural alternatives, ensuring that Green Chemistry achieves its
environmental, economic, and social objectives while supporting sustainable growth.

Policy Framework and Institutional Support

To effectively align Green Chemistry with the vision of Viksit Bharat, India must
strengthen its institutional and policy framework. Initiatives such as the National Mission on
Green Chemistry and Sustainable Materials can provide coordinated support for research and
development in bio-based alternatives. Integrating sustainability, innovation, and indigenous
knowledge into the curriculum through NEP 2020 will nurture future scientists with eco-
conscious mindsets. Industry-academia collaborations can promote startups and research
centers focused on green innovations, while incentives for green manufacturing, including tax
benefits and subsidies, encourage industries to adopt environmentally safe processes.
Additionally, public awareness campaigns can cultivate consumer preference for eco-certified
products. Collectively, these measures can position India as a global leader in sustainable
chemical innovation, fostering environmental stewardship, economic growth, and
technological self-reliance.

CASE STUDIES AND SUCCESS STORIES

Several initiatives across India illustrate the successful application of natural product-
based Green Chemistry and its potential to drive sustainable development. The CSIR-Institute
of Himalayan Bioresource Technology (IHBT) has developed herbal dyes and natural
preservatives for industrial use, while IIT Guwahati has pioneered the green synthesis of
nanoparticles using tea extracts for medical and environmental applications. The Khadi and
Village Industries Commission (KVIC) supports small-scale enterprises producing herbal
soaps, detergents, and cosmetics, promoting rural entrepreneurship and self-reliance.
Additionally, the Forest Research Institute, Dehradun, explores plant-based resins and
adhesives for eco-friendly construction materials. Collectively, these case studies
demonstrate India’s capacity to integrate scientific innovation, environmental sustainability,
and socio-economic growth, highlighting a clear pathway toward achieving the vision of
Viksit Bharat.

Educational Integration: Nurturing Future Chemists

Schools and colleges can become key drivers of Green Chemistry by introducing
project-based learning on herbal alternatives. Activities such as preparing herbal cleaners,
natural indicators, and eco-friendly dyes can develop scientific curiosity and environmental
awareness among students.
Incorporating Green Chemistry Labs within the school curriculum aligns with NEP 2020’s
emphasis on experiential and sustainable education, inspiring students to become innovators
for a cleaner and greener Viksit Bharat.

Future Prospects

The future of Green Chemistry in India depends on interdisciplinary research that integrates
chemistry, biotechnology, agriculture, and environmental sciences. Key areas of focus include
the development of bio-based catalysts and polymers, the application of green
nanotechnology for pollution control, and the expansion of herbal product industries with
both domestic and export potential. Strengthening India’s participation in global
sustainability collaborations will further enhance scientific innovation and environmental
stewardship. Achieving these goals requires a strong commitment to research,
entrepreneurship, and supportive policy reforms, ensuring that India’s chemical sector grows
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sustainably while contributing to economic development, ecological protection, and the
vision of Viksit Bharat.

CONCLUSION:

Natural product-based Green Chemistry represents a harmonious blend of modern
science and traditional wisdom. It addresses the pressing global need for eco-friendly
technologies while empowering India’s journey toward self-reliance and sustainable
development. By embracing renewable resources, minimizing pollution, and fostering
indigenous innovation, India can set an example for the world.

Viksit Bharat is not merely a goal—it is a commitment to progress that values people, planet,
and prosperity. Green Chemistry, guided by natural product innovation, is a decisive step in
realizing that vision.
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Abstract:

India, recognized as one of the seventeen megadiverse countries globally, harbors
approximately 8% of the world's biodiversity within 2.4% of Earth's terrestrial area. This
remarkable biological wealth is intrinsically linked with millennia-old traditional knowledge
systems developed by over 700 indigenous and local communities across diverse ecological
zones. This article examines the complex interrelationship between Indian traditional
knowledge and biodiversity conservation, exploring how indigenous wisdom has sustained
ecological balance while meeting human needs for generations. The study discusses India’s
four biodiversity hotspots i.e. the Himalayas, Western Ghats, Indo-Burma region, and
Sundaland and their overlap with indigenous territories, highlighting the role of traditional
communities as de facto custodians of these ecosystems. Special attention is given to sacred
groves as unique conservation models, where spiritual beliefs translate into tangible
biodiversity protection, harboring rare and endemic species. The article analyzes traditional
medical systems (Ayurveda, Siddha, and Unani) that utilize over 7,500 plant species,
demonstrating sophisticated ethnobotanical knowledge, while addressing contemporary
challenges of biopiracy and intellectual property rights. Agricultural biodiversity forms
another critical dimension, with traditional farming practices maintaining thousands of crop
varieties adapted to specific ecological conditions, offering valuable genetic resources for
climate adaptation. The article examines India's progressive legal framework, including the
Biological Diversity Act (2002) and the Protection of Plant Varieties and Farmers' Rights Act
(2001), which recognize community rights and ensure benefit-sharing, while acknowledging
implementation challenges. Contemporary threats to traditional knowledge including
urbanization, generational knowledge loss, climate change, and conflicting conservation
policies are critically assessed. The article advocates for integrating traditional ecological
knowledge with modern scientific approaches through collaborative research models and
community-based conservation strategies.

Keywords: Traditional knowledge, biodiversity conservation, indigenous communities,
sacred groves, ethnobotany, agricultural biodiversity, biopiracy, sustainable development

INTRODUCTION:

India stands as one of the world's seventeen megadiverse countries, harboring
approximately 8% of global biodiversity within just 2.4% of the Earth's land area
(Mittermeier et al., 1997). This extraordinary natural wealth exists in intricate harmony with
an equally rich tapestry of traditional knowledge systems that have evolved over millennia.
The relationship between Indian traditional knowledge and biodiversity represents not merely
a historical curiosity but a living, breathing testament to sustainable resource management
and ecological wisdom that holds profound relevance for contemporary environmental
challenges (Gadgil et al., 1993).

The Foundation of Traditional Knowledge
Traditional knowledge in India encompasses the accumulated wisdom, innovations,
and practices of indigenous and local communities developed through generations of direct
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experience with their natural environment (Berkes, 2012). This knowledge system predates
modern scientific classification by thousands of years, embedded deeply within India's
cultural, spiritual, and medicinal traditions. From the ancient texts of Ayurveda and the
agricultural insights of the Vrikshayurveda to the ecological principles enshrined in sacred
groves, Indian traditional knowledge represents a sophisticated understanding of biodiversity
conservation and sustainable use.

The Indian subcontinent's diverse geographical features—from the Himalayan heights
to coastal mangroves, from arid deserts to tropical rainforests—have given rise to distinct
knowledge systems adapted to local ecosystems. Each of India's numerous ethnic groups,
numbering over 700 indigenous communities, has developed specialized knowledge about
local flora, fauna, and ecological processes (Singh et al., 2015). This diversity of knowledge
mirrors the biodiversity it seeks to understand and protect.

Biodiversity Hotspots and Traditional Guardians

India encompasses four global biodiversity hotspots: the Himalayas, the Western
Ghats, the Indo-Burma region, and the Sundaland (Myers et al., 2000). These areas contain
exceptional concentrations of endemic species facing significant threats. Remarkably, many
of these biodiversity-rich regions overlap with areas inhabited by indigenous communities
who have served as de facto custodians of these ecosystems for centuries.

The Western Ghats, stretching along India's western coast, exemplifies this
convergence. Home to over 7,400 species of flowering plants with nearly 1,800 endemic
species, this mountain range has been shaped by traditional agricultural practices, sacred
grove protection, and indigenous forest management (Ramesh et al., 1997). Communities
here have maintained complex agroforestry systems that preserve biodiversity while meeting
human needs, a balance increasingly recognized as essential for conservation success.

Similarly, the northeastern states, part of the Indo-Burma hotspot, showcase
remarkable biodiversity alongside extraordinary cultural diversity. The Apatani tribe of
Arunachal Pradesh practices an indigenous rice-fish cultivation system that maintains genetic
diversity while ensuring food security (Dollo et al., 2009). Their traditional practices have
sustained productivity without external input for generations, demonstrating ecological
principles that modern agriculture is only beginning to appreciate.

Sacred Groves: Living Laboratories of Conservation

Perhaps no institution better illustrates the intersection of traditional knowledge and
biodiversity conservation than India's sacred groves—patches of forest protected through
religious and cultural traditions. Estimates suggest India once had over 100,000 such groves,
though many have disappeared due to urbanization and changing social values (Malhotra et
al., 2001). These sacred spaces, ranging from a few trees to several hectares of pristine forest,
are protected through community sanctions rooted in spiritual beliefs.

Sacred groves function as biodiversity repositories, often harboring rare and
endangered species. In Kerala's sacred groves, researchers have documented species found
nowhere else in the surrounding landscape (Bhagwat and Rutte, 2006; Sachan and Arya
2023). In Maharashtra, the Devrai groves protect water sources while maintaining genetic
reservoirs of native species. These groves demonstrate how spiritual values can translate into
concrete conservation outcomes, offering models for community-based biodiversity
protection.

The traditional knowledge associated with sacred groves extends beyond mere
preservation. Communities possess detailed understanding of the ecological relationships
within these forests, seasonal variations, and the medicinal or cultural significance of
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individual species. This knowledge, transmitted orally through generations, represents an
irreplaceable library of ecological information (Gadgil and Vartak, 1976).
Traditional Medicine and Bioprospecting

India’s traditional medical systems like Ayurveda, Siddha, and Unani utilize thousands
of plant species, representing one of the most sophisticated applications of traditional
biodiversity knowledge. The Ayurvedic pharmacopeia alone lists over 1,500 medicinal plants,
while total usage across all traditional systems may exceed 7,500 species (Pushpangadan &
Dan, 2002, Arya et al. 2024). This represents not only therapeutic knowledge but also deep
understanding of plant ecology, sustainable harvesting practices, and conservation.

However, this valuable knowledge has become a double-edged sword in the modern
context. The commercial potential of traditional knowledge has attracted bioprospecting the
search for wvaluable genetic and biochemical resources sometimes without proper
authorization or benefit-sharing. The famous case of turmeric patents granted to American
researchers in the 1990s, eventually revoked after India proved prior traditional use,
highlighted the vulnerability of traditional knowledge to misappropriation (Shiva, 1997).

Such incidents spurred India to establish the Traditional Knowledge Digital Library,
documenting over 2.4 million pages of traditional knowledge in languages accessible to
international patent offices (Gupta, 2011). This initiative aims to prevent biopiracy while
preserving traditional knowledge. Yet it also raises complex questions about whether
documentation and digitization might inadvertently facilitate exploitation or alter the nature
of knowledge traditionally transmitted through oral and experiential means.

Agricultural Biodiversity and Traditional Farming

India's agricultural heritage represents another crucial dimension of traditional
biodiversity knowledge. As one of the world's centers of crop domestication, India is home to
extraordinary agricultural biodiversity. Farmers have cultivated and preserved thousands of
rice varieties, each adapted to specific local conditions flood-resistant varieties for coastal
areas, drought-tolerant types for arid regions, and cold-resistant varieties for higher elevations
(Brush, 2004, Arya and Sachan 2022).

Traditional farming systems like the Navadanya (nine seeds) practice encourage crop
diversity, maintaining genetic reservoirs while providing nutritional variety. Such systems
incorporate nitrogen-fixing crops, pest-deterring plants, and complementary species in
sophisticated polyculture arrangements that maintain soil health and reduce pest pressure
without chemical inputs.

The knowledge embedded in these agricultural practices extends to seed selection,
storage techniques, soil management, and pest control using natural substances. Farmers
possess intricate understanding of microclimates, soil types, and seasonal patterns developed
through generations of observation and experimentation (Altieri, 2004, Arya 2019). This
knowledge has enabled cultivation in challenging environments from terraced Himalayan
slopes to flood-prone deltaic regions demonstrating remarkable adaptive capacity.

Challenges and Threats

Despite its value, Indian traditional knowledge faces mounting pressures. Rapid
urbanization draws younger generations away from rural areas and traditional lifestyles,
breaking chains of knowledge transmission. Modern education systems often devalue
traditional knowledge, creating social incentives to abandon these practices (Agrawal, 2002).
Climate change alters the ecological conditions under which traditional knowledge
developed, sometimes rendering traditional practices less effective.

The commercialization of biodiversity poses another significant threat. As traditional
knowledge attracts commercial interest, there's risk of exploitation without adequate
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compensation to knowledge holders. The complexity of establishing ownership over
collectively held, orally transmitted knowledge complicates benefit-sharing arrangements.
Indigenous communities often lack resources to protect their knowledge through modern
legal mechanisms like patents.

Additionally, conservation policies sometimes conflict with traditional practices.
Strict preservation models that exclude human activities can undermine communities who
have sustainably managed these ecosystems for generations. The transition from community
management to state control has occasionally led to degradation rather than protection, as
local knowledge and stewardship are displaced (Kothari et al., 2013, Rani and Arya,2021).

Legal Framework and Policy Responses

India has developed one of the world's most comprehensive legal frameworks for
protecting traditional knowledge and biodiversity. The Biological Diversity Act of 2002
establishes a three-tier structure of National, State, and local Biodiversity Management
Committees, explicitly recognizing the role of local communities in biodiversity conservation
and ensuring equitable benefit-sharing from bioresource utilization (Venkatesan, 2009).

The Protection of Plant Varieties and Farmers' Rights Act of 2001 acknowledges
farmers' contributions to agricultural biodiversity conservation and their rights to save, use,
exchange, and sell farm-saved seeds. This legislation represents pioneering recognition of
farmers as innovators and knowledge holders rather than mere producers.

However, implementation challenges persist. Many communities remain unaware of
their rights under these laws. Bureaucratic complexities hinder benefit-sharing arrangements.
Conflicts arise between intellectual property rights frameworks designed for individual
inventors and collective knowledge systems. These tensions reflect broader challenges in
reconciling traditional knowledge systems with modern legal and economic structures.

Integrating Traditional and Scientific Knowledge

The future of biodiversity conservation in India likely depends on successfully
integrating traditional knowledge with modern scientific approaches. Research increasingly
validates traditional practices, revealing sophisticated ecological understanding in what
dismissive observers once considered mere superstition or primitive practice. Studies
demonstrate that sacred groves maintain higher biodiversity than surrounding areas,
traditional water management systems enhance groundwater recharge, and traditional crop
varieties possess genetic traits valuable for climate adaptation (Ramakrishnan, 2007, Goel et
al. 2023).

Collaborative research models that engage knowledge holders as partners rather than
subjects show promise. Such approaches respect the intellectual contributions of traditional
communities while bringing scientific rigor to documentation and validation. Joint
management of protected areas, combining scientific monitoring with traditional stewardship
practices, has produced encouraging results in several locations.

Educational initiatives that incorporate traditional knowledge alongside modern
science can help preserve this heritage while making it relevant to younger generations. Some
schools in tribal areas now teach traditional ecological knowledge as part of the curriculum,
validating local wisdom while equipping students with both traditional and modern
knowledge systems.

The Path Forward

As India confronts environmental challenges from climate change to habitat loss,
traditional knowledge offers crucial insights for building resilience. Traditional water
harvesting techniques, sustainable forestry practices, and climate-adapted crop varieties
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represent ready-made solutions developed over centuries of experimentation. The challenge
lies in adapting these practices to contemporary contexts while preserving their essential
wisdom.

Empowering indigenous and local communities as primary stakeholders in
conservation efforts rather than excluding them represents a critical shift. Community-based
conservation models that recognize traditional rights and knowledge can achieve both
biodiversity protection and social justice goals. Ensuring equitable benefit-sharing from
biodiversity commercialization provides economic incentives for conservation while
acknowledging the contributions of knowledge holders.

Documentation efforts must balance preservation needs with respect for traditional
knowledge systems. While recording knowledge for patent prevention serves important
protective functions, it should not replace living traditions or facilitate exploitation. Digital
platforms might enable knowledge sharing among communities while restricting external
access.

India's traditional knowledge and biodiversity represent intertwined heritages, each
supporting and shaping the other. As the world seeks sustainable pathways forward, this
ancient wisdom offers invaluable guidance, reminding us that humans can be not just
destroyers of nature but its knowledgeable stewards. The challenge for contemporary India
lies in honoring this heritage while adapting it to meet twenty-first-century needs—a task
requiring creativity, respect, and commitment to both ecological and cultural preservation.
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Abstract:

Climate change is one of the most pressing issues of the 21st century, affecting every
aspect of human life and the natural environment. It refers to significant and long-term
changes in global temperatures, weather patterns, and precipitation levels. While natural
processes such as volcanic eruptions and variations in solar radiation have historically
contributed to shifts in the Earth’s climate, the current pace and intensity of change are
largely driven by human activities.

Keywords: Climate change, Industrial Revolution, Greenhouse Gas

INTRODUCTION:

The Industrial Revolution marked a turning point, as the massive use of fossil fuels,
deforestation, and rapid urbanization accelerated greenhouse gas emissions, resulting in a
steady rise in global temperatures. According to the Intergovernmental Panel on Climate
Change (IPCC), the average global temperature has increased by approximately 1.2°C since
pre-industrial times. This may seem small, but even slight variations in temperature can
trigger severe environmental, social, and economic consequences.The following discussion
provides an in-depth exploration of the reasons, effects, and challenges associated with
climate change, emphasizing the need for global cooperation, policy reforms, and lifestyle
transformations to mitigate its far-reaching impacts.

I. REASONS FOR CLIMATE CHANGE:

1. Greenhouse Gas Emissions- The primary reason behind climate change is the
accumulation of greenhouse gases (GHGSs) in the atmosphere. Gases such as carbon dioxide
(CO,), methane (CHy), nitrous oxide (N2O), and fluorinated gases trap heat and prevent it
from escaping into space—a process known as the greenhouse effect. While this natural
process keeps the Earth warm enough to sustain life, excessive human-induced emissions
have intensified it, leading to global warming.

* Carbon Dioxide: The largest contributor, released mainly from burning coal, oil, and natural
gas for energy and transportation. Industrial activities and cement production further add to
atmospheric CO, levels.

* Methane: Released from agriculture (especially rice paddies), livestock digestion, landfills,
and fossil fuel extraction. Methane is over 25 times more potent than CO; in trapping heat.

* Nitrous Oxide: Emitted through agricultural fertilizers, industrial activities, and waste
management processes.

* Fluorinated Gases: Synthetic gases used in refrigeration, air conditioning, and
manufacturing, though emitted in smaller quantities, have extremely high global warming
potential.

2. Deforestation and Land Use Changes- Forests act as carbon sinks, absorbing CO, during
photosynthesis. However, deforestation for agriculture, logging, and urban expansion
drastically reduces this capacity. The loss of forest cover not only releases stored carbon but
also disrupts regional rainfall patterns and soil fertility. Slash-and-burn agriculture,
particularly in tropical regions like the Amazon and Southeast Asia, has become a significant
driver of global emissions.
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3. Industrialization and Urbanization- The rise of industrial economies has led to extensive
energy consumption and waste generation. Factories, power plants, and transportation
systems emit massive amounts of greenhouse gases. Moreover, urban heat islands—areas
where cities are significantly warmer than surrounding rural areas—intensify local climate
variations, increasing the demand for energy (e.g., air conditioning) and further fueling the
cycle.

4. Agricultural Practices- Agriculture contributes substantially to climate change through
methane emissions from livestock, nitrous oxide from fertilizers, and deforestation for
croplands. Unsustainable irrigation and tilling practices also degrade soil, reducing its carbon
sequestration ability.

5. Waste Management and Pollution- Inadequate waste disposal and landfill management
release methane, while plastic pollution affects oceanic ecosystems that otherwise absorb
COs,. Industrial and chemical wastes pollute water and air, amplifying the greenhouse effect.
6. Natural Causes (Minor Contribution)- While human activity dominates current climate
change, natural processes like volcanic eruptions, oceanic circulation changes, and solar
radiation fluctuations have historically influenced Earth’s climate. However, these factors
cannot explain the rapid warming observed over the last century.

Il. EFFECTS OF CLIMATE CHANGE:

1. Rising Global Temperatures- The most direct effect of climate change is the increase in
global average temperature. This warming influences every natural system, from the melting
of glaciers to changes in species distribution. The last decade has been the hottest on record,
with extreme heat waves becoming more frequent and intense. Higher temperatures also lead
to greater evaporation rates, causing droughts in some regions and heavy rainfall in others.

2. Melting Glaciers and Rising Sea Levels- The accelerated melting of polar ice caps and
glaciers contributes to rising sea levels. This poses a significant threat to coastal areas, small
island nations, and low-lying cities such as Mumbai, Dhaka, and Jakarta. According to the
IPCC, global sea levels could rise by more than one meter by the end of the century,
displacing millions of people and destroying habitats.

3. Extreme Weather Events-Climate change intensifies the frequency and severity of natural
disasters—such as hurricanes, cyclones, floods, droughts, and wildfires. For instance, warmer
ocean temperatures fuel stronger tropical storms, while prolonged dry periods increase
wildfire risks. Countries like Australia, Greece, and the U.S. have faced record-breaking
wildfires in recent years.

4. Disruption of Ecosystems and Biodiversity Loss- Altered temperature and rainfall
patterns disrupt ecosystems and threaten species survival. Coral reefs, for example, are
bleaching due to warmer oceans. Polar bears and penguins face habitat loss as ice melts,
while shifting climate zones push many terrestrial species to migrate or face extinction.
Biodiversity loss undermines ecosystem resilience and affects food chains, agriculture, and
medicine.

5. Impact on Agriculture and Food Security- Climate change alters growing seasons,
reduces crop yields, and increases pest infestations. Droughts and unpredictable rainfall make
farming less reliable, especially in developing nations dependent on rain-fed agriculture.
Rising temperatures also affect livestock health and productivity, threatening global food
supply chains.

6. Water Scarcity- Glacial meltwater and irregular rainfall patterns have reduced the
availability of freshwater resources. Many regions, especially in Africa and Asia, are facing
acute water shortages. The competition for limited water supplies could lead to conflicts and
migration crises.
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7. Human Health Impacts- Climate change poses severe health challenges—heat stress,
vector-borne diseases (like malaria and dengue), respiratory issues from air pollution, and
malnutrition due to food scarcity. Warmer temperatures expand the habitats of disease-
carrying insects, while extreme weather events disrupt healthcare systems.

8. Economic and Social Inequality- The economic impact of climate change is profound,
particularly for developing nations that lack resources for adaptation. Poor communities are
more wvulnerable to disasters, food insecurity, and displacement. Climate change thus
exacerbates existing inequalities, creating a cycle of poverty and vulnerability.

9. Ocean Acidification- Increased CO, absorption by oceans leads to acidification, which
harms marine life such as corals, shellfish, and plankton. Since these organisms form the
foundation of the marine food web, acidification threatens the entire ocean ecosystem and the
livelihoods of millions dependent on fisheries.

I11. CHALLENGES OF CLIMATE CHANGE:

1. Mitigation vs. Adaptation- Mitigation involves reducing emissions, while adaptation
focuses on coping with the inevitable impacts. Balancing these two approaches is a global
challenge, as developing nations often prioritize economic growth over emission cuts.
Effective policies must combine renewable energy transitions, reforestation, and resilience-
building measures.

2. Political and Economic Barriers- Climate change solutions require international
cooperation, but differing national interests hinder progress. Developed nations, historically
responsible for the majority of emissions, face pressure to support developing countries
through finance and technology transfer. However, economic competition and political
polarization often delay collective action.

3. Technological and Infrastructural Limitations- Transitioning from fossil fuels to
renewable energy demands massive infrastructure investment. Many countries lack access to
affordable clean technologies or the resources to modernize their energy systems.
Additionally, some renewable sources are intermittent and require storage innovations to
ensure reliability.

4. Environmental Refugees and Migration- As sea levels rise and extreme weather
worsens, millions of people are forced to migrate. Climate refugees face uncertain futures,
and host nations struggle with social and economic integration challenges. This adds a
humanitarian dimension to the climate crisis.

5. Lack of Awareness and Behavioral Change- Individual actions collectively influence
global outcomes, yet awareness about sustainable living remains limited. Consumerism,
wasteful energy use, and unsustainable diets contribute to emissions. Educational programs
and grassroots initiatives are essential for promoting climate responsibility.

6. Loss of Indigenous Knowledge- Traditional ecological knowledge held by indigenous
communities offers valuable insights into sustainable living. However, modernization and
displacement are eroding this wisdom. Preserving indigenous practices can enhance climate
resilience and biodiversity conservation.

7. Financing Climate Action- The estimated cost of achieving the Paris Agreement goals is
trillions of dollars annually. Developing countries depend on climate finance commitments
from wealthier nations, but funding gaps and bureaucratic hurdles slow progress. The
challenge is ensuring that resources are equitably distributed and effectively utilized.

8. Governance and Accountability- Transparent and accountable governance is crucial for
implementing climate policies. Corruption, weak institutions, and lack of data hinder progress
in many regions. International agreements like COP summits aim to address these gaps, but
enforcement remains inconsistent.
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IV. GLOBAL AND LOCAL EFFORTS TO COMBAT CLIMATE CHANGE:

1. International Agreements

* Paris Agreement (2015): A landmark global treaty where nations pledged to limit
temperature rise to below 2°C, preferably 1.5°C, by reducing emissions and supporting
sustainable development.

* Kyoto Protocol (1997): The first binding international agreement targeting emission
reductions by industrialized countries.

» UN Sustainable Development Goals (SDG 13): Calls for urgent action to combat climate
change and its impacts.

2. Renewable Energy Transition - Solar, wind, hydro, and geothermal power are key
alternatives to fossil fuels. Countries like Germany, China, and India are investing heavily in
renewable energy infrastructure. The shift not only reduces emissions but also creates green
jobs and promotes energy security.

3. Reforestation and Conservation- Large-scale afforestation projects, like India’s Green
India Mission and the UN’s Trillion Tree Campaign, aim to restore degraded lands and
enhance carbon sinks. Protecting existing forests and biodiversity hotspots remains equally
critical.

4. Technological Innovations- Emerging technologies such as carbon capture and storage
(CCS), electric vehicles, smart grids, and sustainable agriculture hold promise for emission
reduction. Research into hydrogen fuel and bioenergy could revolutionize clean energy.

5. Climate Education and Public Participation- Awareness campaigns, environmental
education, and youth-led movements like Fridays for Future have amplified global attention
on climate issues. Individual actions—reducing waste, conserving energy, and adopting
sustainable diets—play a vital role in collective change.

V. THE WAY FORWARD:

To confront climate change effectively, a multi-dimensional approach is essential:

« Strengthening global governance through binding commitments and transparent monitoring.
« Investing in research and innovation to develop affordable, clean technologies.

« Encouraging sustainable lifestyles that minimize waste and overconsumption.

« Empowering vulnerable communities through climate adaptation funds and capacity
building.

« Integrating climate action into education, so that future generations grow up with
environmental awareness.

The battle against climate change is not just scientific—it is moral, political, and economic.
Every individual, institution, and government must recognize their shared responsibility in
preserving the planet for future generations.

CONCLUSION:

Climate change is not a distant threat—it is a present reality shaping our world today.
The reasons behind it are deeply rooted in industrial progress, deforestation, and
unsustainable human practices. Its effects are visible across continents, from melting glaciers
and rising seas to heatwaves and biodiversity loss. The challenges it poses—social,
economic, and political—demand urgent, unified global action. While the problem is
complex, solutions exist. Transitioning to renewable energy, protecting ecosystems,
promoting sustainable development, and enhancing international cooperation are key steps
forward. Climate change is ultimately a test of humanity’s collective will and wisdom. The
choices made today will determine whether future generations inherit a thriving planet or one
scarred by neglect.
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EDUCATING FOR ECOLOGY: A SCHOOL’S JOURNEY IN BIRD BIODIVERSITY
CONSERVATION

Prashant Thote* and Gowri S.
Swami Vivekanand Public School Hardada, Maharashtra
Phoenix International School, Jaora, Madhya Pradesh
*Corresponding author email: cpd2769@gmail.com
Abstract:

Birds are vital indicators of environmental health and play a significant role in
maintaining ecological balance through pollination, seed dispersal, and pest control.
However, rapid urbanization, deforestation, pollution, and climate change have caused an
alarming decline in avian diversity across India. Recognizing the urgent need for
conservation at the grassroots level, Swami Vivekanand Public School, Harda launched a
comprehensive institutional initiative to conserve bird biodiversity through environmental
education, awareness, and community involvement.This study presents the school’s
structured and multidisciplinary approach that integrates classroom learning with field-based
ecological action. The initiative emphasizes experiential learning, project-based research, and
student participation in real-world conservation efforts. Key strategies include the formation
of a Bird Biodiversity Club, creation of bird-friendly spaces within the campus, installation of
feeders and nesting boxes, and plantation of native fruit-bearing trees. In addition, awareness
campaigns, exhibitions, and inter-school competitions were organized to sensitize the
community.The project also fostered collaboration with the local Forest Department, NGOs,
and parents, ensuring collective ownership of conservation efforts. The use of digital tools for
species identification and documentation enhanced the scientific accuracy and engagement of
students.The outcomes revealed a significant increase in local bird sightings, heightened
environmental awareness among students, and the emergence of leadership qualities through
participation and responsibility. The initiative aligns with the goals of the National Education
Policy (NEP) 2020 and the United Nations Sustainable Development Goals (SDGs),
particularly those related to quality education, climate action, and life on land.Ultimately, this
school-led model demonstrates how educational institutions can act as catalysts for ecological
transformation, nurturing empathy, responsibility, and a lifelong commitment to conserving
biodiversity through education, action, and community partnership.

Keywords: Bird Conservation, Biodiversity, Environmental Education, Institutional
Initiative, Sustainable Practices, Swami Vivekanand Public School, Hardada

INTRODUCTION

Birds are among the most visible, melodious, and fascinating creatures that share our
planet. Their presence enriches the natural world, providing both aesthetic joy and ecological
services essential to life on Earth. From pollination and seed dispersal to pest regulation and
nutrient cycling, birds contribute profoundly to maintaining environmental balance. They act
as natural indicators of the planet’s health—when bird populations decline, it signals the
degradation of ecosystems. Unfortunately, in recent decades, India has witnessed a
concerning reduction in bird diversity due to deforestation, habitat fragmentation, pesticide
overuse, pollution, and the effects of climate change. Urbanization and industrialization have
led to the loss of nesting areas, scarcity of food, and increased vulnerability to human-
induced threats.

The conservation of birds, therefore, is not merely an environmental concern but a
moral and ethical obligation for all. Protecting these creatures ensures the preservation of
biodiversity, ecological equilibrium, and the sustainability of natural resources for future
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generations. Conservation must begin with awareness, and awareness must begin with
education. This belief forms the foundation of Swami Vivekanand Public School, Harda's
institutional initiative toward bird biodiversity conservation.

Schools are not only places for academic instruction but also dynamic spaces for
nurturing responsible citizenship and environmental stewardship. They have the power to
influence attitudes, shape behaviors, and inspire action. Swami Vivekanand Public School,
Harda recognized this potential and integrated bird biodiversity conservation into its core
educational philosophy. By merging learning with ecological action, the school created a
living laboratory where students observe, experience, and contribute to nature’s preservation.
The school’s approach is guided by the principles of Environmental Education for
Sustainable Development (EESD) and aligns with the National Education Policy (NEP) 2020.
Both frameworks emphasize the importance of experiential learning—Ilearning by doing—
where students gain knowledge through practical engagement with their surroundings.
Through this initiative, environmental awareness is not treated as a separate subject but
woven across disciplines. Science lessons explain the biological importance of birds;
language classes encourage essays and poems about nature; art classes promote creative
expression through sketches, posters, and models on conservation themes.

The school’s program encourages students to move beyond the classroom and interact
directly with the environment. Activities such as field observations, birdwatching,
maintaining eco-journals, and creating bird-friendly spaces on campus promote hands-on
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understanding. Students are taught to identify local species, study their feeding and nesting
habits, and understand their role in the ecosystem. The use of locally available materials to
create bird feeders, water pots, and nesting boxes demonstrates sustainable and resourceful
practices.

Moreover, the initiative fosters community involvement, recognizing that
conservation efforts are most effective when collective. Parents, local residents, and the
Forest Department collaborate with the school to plant trees, protect nesting areas, and raise
awareness about minimizing pollution and pesticide use.

In essence, Swami Vivekanand Public School, Hardada exemplifies how education
can transcend traditional boundaries to become a force for ecological transformation. By
integrating values of respect, responsibility, and sustainability, the institution not only
conserves bird biodiversity but also nurtures young environmentalists—citizens who
understand that safeguarding nature is integral to safeguarding life itself.

Objectives of the Study
The primary objectives of the initiative and this study are:
1. To promote awareness about the importance of birds in maintaining ecological
balance.
2. To identify and conserve local bird species within the Hardada region.
3. To integrate environmental education into the school curriculum through hands-on
activities.
4. To encourage students and teachers to become active participants in biodiversity
conservation.
5. To build partnerships between the school, community, and environmental
organizations for sustainable ecological practices.

METHODOLOGY:

The school adopted a participatory and interdisciplinary approach that seamlessly
blended education, observation, and field action to promote bird biodiversity conservation.
The initiative began with a baseline study, where students and teachers identified and
documented local bird species through systematic observation. This was followed by
curriculum integration, ensuring that environmental themes were embedded within science,
social science, and language subjects to build conceptual understanding. Emphasizing
project-based learning, students undertook hands-on projects exploring bird habitats, feeding
patterns, and migratory behaviors. To spread awareness, the school organized campaigns,
rallies, poster-making competitions, exhibitions, and seminars, encouraging creativity and
community engagement. Simultaneously, habitat creation efforts within the campus included
installing bird feeders, water baths, and nesting boxes, fostering a safe environment for avian
life. The program also emphasized community outreach, involving parents, local residents,
and environmental organizations in tree plantation and bird conservation drives, thereby
extending the impact beyond the school premises. To ensure sustainability and assess
progress, a structured monitoring and evaluation system was implemented, with students
maintaining observation records to track seasonal changes and the growing diversity of bird
species. This comprehensive and collaborative methodology transformed learning into action,
instilling ecological responsibility among all stakeholders.

Institutional Approach
Integration into Curriculum)

Swami Vivekanand Public School, Hardada, integrated bird biodiversity conservation
into its regular curriculum to foster environmental consciousness among students. Teachers
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across disciplines infused ecological themes into their lessons—Science explored food
chains, adaptation, and avian physiology; Social Science examined the human impact on
ecosystems; and English encouraged essays, poems, and speeches on conservation themes.
Art and Craft periods were utilized for making posters and models of bird habitats. This
cross-curricular approach made environmental learning contextual, engaging, and
meaningful. Students began to connect theoretical knowledge with real-world ecological
issues, developing both intellectual understanding and emotional connection toward nature.

Bird Biodiversity Club

The establishment of the Bird Biodiversity Club became the cornerstone of the
school’s conservation initiative. Comprising enthusiastic students from Classes VI to XII, the
club met weekly to observe and record bird activity within and beyond the campus. Members
maintained field diaries documenting bird species, behavior, feeding patterns, and nesting
habits. They created a digital aloum titled “Birds of Our Campus”, showcasing photographs
and data collected during observations. The club also organized talks by experts, quizzes, and
awareness campaigns. Through these activities, students developed scientific observation
skills, teamwork, and a strong sense of environmental responsibility and stewardship.

Field Visits and Surveys

To enhance experiential learning, the school organized regular field visits to nearby
wetlands, farmlands, and forested areas. Students, guided by teachers and experts from the
Forest Department and local NGOs, studied birds in their natural habitats, noting their
feeding and migratory behaviors. These surveys were particularly insightful during the
migratory season, when species like Siberian cranes, wagtails, and starlings visited the
region. Students learned to use binoculars, cameras, and mobile apps for bird identification.
These authentic field experiences not only strengthened ecological knowledge but also
cultivated patience, observation, and appreciation for the interconnectedness of life in natural
ecosystems.

Creating Bird-Friendly Spaces

Under the school’s Green Campus Initiative, several eco-friendly measures were
implemented to make the campus a haven for birds. Bird feeders crafted from recycled
bottles were installed on trees, while shaded water bowls provided relief during scorching
summers. Native fruit-bearing trees such as neem, jamun, guava, and amla were planted to
attract and nourish local species. The gardening team minimized pesticide use, maintaining
an insect-rich and healthy environment. These efforts transformed the school grounds into a
thriving bird-friendly zone. Students took pride in nurturing this living ecosystem, learning
that even small, consistent actions can create significant ecological change.

Students’ Participation

The most remarkable aspect of the project was active student involvement. Students
became researchers, volunteers, and advocates of conservation. They participated in:
> Data Collection: Identifying and recording bird species.
Awareness Campaigns: Preparing skits, posters, and slogans for “Save the Birds”
week.
Eco-Journals: Writing reflections, poems, and reports about their experiences.
Innovative Projects: Designing bird feeders using waste materials and documenting
their use by birds.
< Peer Learning: Conducting awareness sessions for primary students about the

importance of birds.
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Through these activities, students developed scientific temper, empathy towards living
beings, and leadership qualities.
Community and Parental Involvement

The success of the initiative largely depended on community collaboration. The
school encouraged parents to participate in plantation drives and install birdhouses in their
homes. Local farmers were sensitized about the harmful effects of chemical fertilizers and
pesticides on bird populations. The school also collaborated with the Forest Department,
Harda, for expert talks and workshops on biodiversity conservation.
Special events such as World Environment Day, World Sparrow Day, and Earth Day were
celebrated with public participation, reinforcing a collective sense of ecological
responsibility.

Use of Technology and Documentation

Technology played a significant role in enhancing the project’s effectiveness. Students
used mobile photography and apps like iNaturalist and eBird for species identification. The
data collected was compiled into a digital report, which helped monitor changes in bird
populations across seasons. The school created a short documentary titled “Wings of
Harmony” showcasing the entire journey, which was shared on social media platforms to
inspire other institutions.

Challenges Faced

Despite its successes, the initiative faced several challenges that tested the school’s
commitment to bird biodiversity conservation. Initially, both teachers and students lacked
technical expertise in identifying bird species and understanding their behaviors, which
required additional training and guidance. Weather conditions, such as extreme heat, heavy
rainfall, or seasonal changes, often limited outdoor observations and field activities.
Moreover, some community members were initially indifferent or unaware of the importance
of conservation, making outreach efforts more demanding. Regular maintenance of bird
feeders, water bowls, and planted areas also required consistent effort. Nevertheless, through
persistent motivation, teamwork, and strong support from the school management, these
challenges were effectively managed, ensuring the long-term sustainability and impact of the
project.

Outcomes and Impact

The initiative vyielded remarkable results within just two academic years,
demonstrating the effectiveness of school-led conservation efforts. There was a noticeable
increase in local bird populations, with frequent visits from sparrows, bulbuls, mynas, and
parakeets to the campus. Students developed valuable skills in data collection, observation,
and documentation, enhancing both their scientific understanding and practical experience.
The project also fostered community awareness, inspiring neighboring schools and local
residents to adopt bird-friendly practices in their surroundings. Additionally, the school
received formal appreciation from the District Forest Office for its contributions to local
biodiversity. These outcomes clearly show that when education is combined with proactive
engagement and community collaboration, it can produce significant and lasting
environmental impact.

Alignment with Sustainable Development Goals (SDGs)

The initiative undertaken by Swami Vivekanand Public School, Harda, aligns closely
with several United Nations Sustainable Development Goals (SDGs). Goal 4. Quality
Education is addressed by integrating environmental education into the curriculum, fostering

Organized by:
Shri Rajiv Gandhi Government College Banda, District Sagar, MP 43



National webinar on Climate change and Biodiversity 2025

holistic learning and awareness among students. Goal 13: Climate Action is supported
through the promotion of sustainable practices, such as tree planting, habitat creation, and
reduction of pesticide use, which contribute to climate resilience. Additionally, Goal 15: Life
on Land is advanced by protecting terrestrial ecosystems and conserving local biodiversity.
By embedding sustainability into education, the school not only nurtures responsible future
citizens but also actively contributes to both local and global environmental objectives.

Lessons Learned

Effective environmental education requires moving beyond textbooks to include
hands-on, experiential learning that engages students directly with nature. School campuses
can serve as living laboratories, providing opportunities to observe, study, and interact with
local biodiversity. Active student involvement in real-world conservation activities helps
build character, responsibility, and a sense of stewardship for the environment.
Collaborations and partnerships with community members, parents, and government bodies
further enhance the impact and sustainability of such initiatives. Even small, consistent
actions—Iike placing water bowls for birds or planting native trees—can create meaningful
and lasting ecological benefits, demonstrating that every effort counts.

RECOMMENDATIONS

1. Replication Model: Other schools can replicate this initiative by creating bird-
friendly spaces and eco-clubs.

2. Teacher Training: Periodic workshops on biodiversity can enhance teachers’
capacity.

3. Interdisciplinary Approach: Integrate environmental themes across all subjects.

4. Monitoring System: Establish a long-term bird monitoring program with student
participation.

5. Recognition Programs: Schools should reward eco-conscious practices to encourage
wider participation.

CONCLUSION

The journey of Swami Vivekanand Public School, Hardada in conserving bird
biodiversity exemplifies how education can be a powerful tool for environmental
transformation. The school’s integrated approach—combining classroom learning, practical
action, and community engagement—has created an ecosystem where both birds and students
thrive. This initiative not only conserved avian diversity but also nurtured ecological values,
empathy, and scientific curiosity among students. As educators, the ultimate goal is to inspire
every child to become a protector of nature, realizing Swami Vivekananda’s vision of
education as the manifestation of the perfection already in man.
By educating for ecology, the school has illuminated a path where knowledge, compassion,
and action unite to safeguard the planet’s precious biodiversity.
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CLIMATE CHANGE AS A CATALYST FOR BIOLOGICAL STRESS

Zeba Afroz and Eshita Pandey™*
Department of Zoology, Dayanand Girls P.G. College, Kanpur
*Corresponding author email: dreshitapandey@gmail.com
Abstract:

Climate change is a permanent change in weather patterns between the tropical
regions and the tropics. It is slowly converting into an international threat. Environmental
changes are responsible for climatic dynamics. Environmental stress is associated with
increased levels of anxiety, depression, post-traumatic stress disorder (PTSD) and
environmental anxiety. Decline in the productivity of vegetation gets transformed into
livelihood stress, economic pressure and potential mental health. Ecosystems face stress as
soil stabilization; carbon sequestration get disturbed. High temperatures can disrupt the
hypothalamic-pituitary-gonadal axis resulting in hormonal imbalance which affect
reproduction, growth and metabolism of animals and even human beings. An effect of
climatic stress is that endocrine-disrupting chemicals (EDCs), especially pesticides and heavy
metals, are made bioavailable and are toxic to life forms.

Keywords: Climate, Environmental stress Environmental change, Carbon sequestration,
Hypothalamic-Pituitary-Gonadal Axis, Endocrine-disrupting chemicals, Health

INTRODUCTION

Climate is the atmospheric- ocean land system of a location, or planet (usually in
variation, and frequency), of weather-related parameters (temperature, precipitation, wind,
humidity, etc.), over time in terms of statistics.

In practice the World Meteorological Organization (WMO) refers to 30 years interval
as a normal climate but the term is also used with shorter or longer intervals (months,
centuries, geologic time) (Glossary of Climate Change, n.d.).

There arises a question of difference between weather and climate and this confuses a lot of
people. Weather refers to the state of that atmosphere at a particular place and at a particular
time (hourly or daily change).

On the other hand, climate refers to the statistics of weather over extended periods of
time: the typical condition, its variability (degree of variability), the existence of extremes.
Climate can be formally considered as the distribution of probability of climatic conditions
and climate change as variation of distribution.

Climate change is a permanent change in weather patterns between the tropical
regions and the tropics. It is an international threat that has started exerting pressure on
several industries. The vulnerability of agricultural sector is one of such scenarios which
make the world concerned due to the risk of inadequate production and food stocks affected
by irreversible weather changes.

CLIMATE CHANGE AMPLIFIES STRESS ACROSS LIVING SYSTEMS

Various studies done have tried to evaluate the indirect effects of climate change on
mental health and conclude that both the short term and long-term climate stressors, including
severe weather conditions, displacement, and long-term environmental degradation, play a
significant role in leading to psychological distress.

These sources of stress were also associated with increased levels of anxiety,
depression, post-traumatic stress disorder (PTSD) and environmental anxiety particularly
among victims who were vulnerable. Studies highlight that in humans, mental healthcare
intervention is an urgently needed intervention, as the psychological impacts of climate

Organized by:
Shri Rajiv Gandhi Government College Banda, District Sagar, MP 45



National webinar on Climate change and Biodiversity 2025

change need to be overcome for a healthy life. It suggests to focus on related policies and
resilience-enhancing measures (Clayton and Crandon, 2024).
Factors that have an impact on the climatic condition include:

I.  Natural

[l.  Anthropogenic or Man-made

l. Natural Factors Causing Stress And Impacting Climate
Natural factors involve disturbance of a period of the day and night, volcanic eruption, hot
weather and the earth orbit changes etc. They can be further categorized as:

e Photosynthetically Active Light Intensity
Due to changes in climate the light intensity is either high or low and this leads to an abiotic
stress among the primary producers. When the light intensity falls below the optimal values,
there is a loss in the photosynthetic productivity, loss in biomass and a loss in the carbon
absorption and ecosystem stability.
By contrast, excessive light intensity can cause photoinhibition or photodamage of plants and
algae, generate reactive oxygen species and cause damage to photosystems, as well as slow
down growth.
This stress on primary producers spreads through the food web and leads to imbalance and
additional vulnerability. It causes additional disruptions in the ecosystem (Gomez-Bellot et
al., 2023).
At the human-level, decline in the productivity of vegetation leads to degradation of forests,
affects crop production and the ecosystem properties of soil stabilization and carbon
sequestration decline. It then gets transformed into livelihood stress, economic pressure and
potential mental-health disorders.

e \ariations In The Orbit Of The Earth
Geometric variations in the Milankovitch cycles (eccentricity, axial tilt/obliquity, precession)
lead to variation in the distribution and the amount of incident solar radiation on geologic-
millennial periods.
The changes in the orbit lead to changes in insulation, glacial-interglacial cycles, increase or
decrease of ice-caps, changes in carbon cycles reinvestment and large-scale climate re-
structuring.
These alterations expose the ecosystem to climatic pressure (higher/lower latitudes have
longer/shorter seasons, more/less insulation, or abrupt changes), and, therefore, reduce the
resistance and resiliency of ecological communities.
Habitable regions, agricultural lands, sources of resources and socio-economic stress
(migration, food insecurity, conflict) in human systems are also restructured by these climate
restructuring (Ganopolski, 2024).

e \olcanic Eruptions And Glaciation Melting
\olcanic eruptions (aerosols, sulphates, ash and gaseous) and glaciation melting (cooling by
aerosols, warming by CO,) lead to the sudden changes in the insolation or the chemistry of
the atmosphere, exposing the ecosystems to stress which include abrupt temperature change
and acid deposition.
The melting glaciers which augment the underneath crust pressure leads to volcanic/tectonic
activities in the glacier-covered regions thereby establishing a connection between the
cryospheric and volcanic stress. Systems previously insulated by the constant cold climates,
undergo changes. The species adapted to that sort of environment get affected by glaciers and
become casualties of habitat destruction or restructuring.
Human communities undergo hydrological distress, volcanic eruption threat, topography, and
related socioeconomic and mental-health pressures (Aubry et al., 2022).

e Sea Level Rise and Tsunamis
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The rise in sea level (SLR) as a result of the warming of the ocean and the melting of ice
sheets on land is changing the hydrologic cycles and the ecology of the coastal ecosystems.
They are now suffering from saltwater intrusion, wetland loss, habitat fragmentation, and
increased erosion.
These processes also increase the chances of extreme water levels which include storm surges
and tsunamis. Tsunamis, which are the sea-level excursions caused by seismic activity,
landslides or volcanoes produce acute ecological effects. The effect includes massive
mortality, habitat loss, resettlement, and redistribution of sediments. Severe impacts are loss
of life and forced displacement, the destruction of infrastructures, and the occurrence of
severe psychological trauma.
The cumulative impact of regular SLR and frequent destructive waves of tsunamis causes
persistent stress on the human communities co-located with the coastline. They have to face
loss of livelihoods, psychological impact, pressure to leave and the face a disturbed
equilibrium of the seaside ecosystems (Weiss et al., 2022).
. Anthropogenic Factors Causing Stress And Impacting Climate

Anthropogenic or man-made activities like burning of fossil fuel, poor agricultural practices,
deforestation, and land fragmentation into farmlands, urbanization and industrialization are
extremely negative in influence for the environment. It is due to these activities that emission
of greenhouse gases occurs in the atmosphere.

e Deforestation
Forests help to maintain the carbon quantity in soil, mineral cycle as well as water cycle and
biodiversity. Cutting of trees or clearing of forests is called deforestation and this disturbs
mineral cycle, water cycle and even biodiversity.
Before the native forests were turned into plantations, grasslands, and agricultural land, the
bacterial diversity was high, and the fungal communities were more homogenous, with no
prevalence of diseases.
Deforestation greatly influenced as well as diminished the soil functional processes regarding
carbon storage, cycling of nitrogen and decomposition of the organic matter.
Changes in soil pH and total phosphorus mostly control the responses of microbial
communities (bacterial and fungal diversity) to deforestation. In addition, soil fungal
diversity and functional activity are highly vulnerable to deforestation particularly in the
native warm and moist forest types (Qu et al., 2024).

e Fragmentation OF Land
Fragmentation increases ecological stress by preventing species movement, reducing genetic
interactions, and furthermore, predisposing populations to local extinction and other disturbed
ecosystem processes like nutrient cycling and pollination (Haddad et al., 2015).
An indirect effect of fragmentation on human stress is also that smaller / fragmented natural
areas reduce ecosystem services like clean water, pollination, flood buffering etc., which
communities depend on. It also increases conflict over scarce resources, and increases
uncertainty about rural livelihoods (Brauer and Beheregaray, 2020).

e Release Of Greenhouse Gases
This can be attributed to the formation of greenhouse emission (GHG) which in turn results
in climatic pressure in the ecosystem leading to warming, disrupted seasons of precipitation
and more severe occurrences. These effects decrease the stability of the ecosystem and cause
the systems to fall.
The effects of GHG emissions due to climate change trigger chronic and acute stress-heat
stress and heat morbidity. They reduce agricultural productivity, cause forced displacement in
cases of extreme events, and mental health stresses in humans in the form of anxiety and
depression. GHG emissions should be reduced in order to reduce ecological and human stress
(Lietal., 2025).
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Changes in climate can cause adverse conditions commonly referred to as solastalgia where a
person feels homesick because of the changes that occur to the environment in which it
originates (Albrecht et al., 2007).

e Burning Of Fossil Fuel
The largest source of anthropogenic CO; and the largest source of atmospheric pollutants
(PM25, NOs, SOs, black carbon) is burning of fossil fuels including coal, oil and gas (Perera,
2017). Ecologically, the concentrations of pollutants, along with the warming, which is
brought about by climate change, result in massive burdens on the ecosystems including
thermal stress, altered phenology and acid deposition (Wang et al., 2023). Combustion air
pollution exposes humans to direct physical stress, respiratory and cardiovascular diseases,
indirect mental and social stress infection and increases health care costs. Not burning fossil
fuels results in co-benefits not only in the form of reduction in greenhouse gas emission
leading to reduced climate stress, but also in terms of improved air quality thereby reducing
direct health stress (Harlan and Ruddell, 2011).

e Agricultural Activities Beyond Control
There are unethical agricultural practices, including, but not limited to, over-tillage, over-
application of artificial irrigants, monoculture, and hedgerow selection as well as conversion
of native habitat into agricultural use, overgrazing that causes soil erosion, loss of
biodiversity and water run-off and poor water tolerance. These in turn, cause immense stress
on the ecosystem and reduce commercial business (Gomiero, 2016). These are associated
with low harvests, threat of floods, rise in the cost of enterprises (fertilizers, commerce) and
food insecurity. Wet atomic gas equipment e.g. N,O excess digestate, CH; some water
management oceans, are also seen to aggravate human stress.
To reduce stress in ecosystem and humans’ individual principles like sustainable crops,
reduced tillage, nutrient element management, etc. should be implemented (Hassan et al.,
2022).

Climate Change And Regulation of Hormones

The endocrine processes of different species are being highly interfered with by the
climate change in terms of their hormonal balance. Changes in temperature and rainfall can
affect chemical bioavailability, absorption and metabolism with subsequent interference of
the hormone receptor besides interference of intracellular signaling pathways. All these
transpire to cause delayed sexual maturity, abnormal arousal or menstrual period, low quality
gametes and reproductive failure (Vandenberg et al., 2025). Studies have been done in order
to evaluate and understand the impact of climate stressors (particularly heat stress) on
endocrine parameters (Arneth, 2025). The researchers found out that high temperatures can
disrupt the hypothalamic-pituitary-gonadal axis resulting in hormonal imbalance which affect
reproduction, growth and metabolism of animals and even human beings. These upheavals
appear as either disturbed hormone, disrupted reproductive functions and increased endocrine
diseases. Physiological mechanisms mediate climate change in causing endocrine disruption
and reproductive dysfunction. The long-term environmental stressors which disturb
endocrine activity in organisms, include increased ambient temperatures, reduced
precipitation, and extreme weather conditions. They are being gradually identified as the key
contributors to reproductive pathology. The key to this cascade is the long-term stimulation of
the hypothalamic-pituitary-adrenal (HPA) axis that stimulates the quantity of circulating
glucocorticoids namely cortisol or corticosterone. The steroids have a negative feedback
effect on the hypothalamus. So, they prevent the release of gonadotropin-releasing hormone
(GnRH) and thereby inhibit the release of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) of the pituitary. The overall impact is that it disrupts the normal reproductive
cycle. This has profound effects on the fertility and population dynamics.
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Another effect of climatic stress is that endocrine-disrupting chemicals (EDCs),
especially pesticides and heavy metals, are made bioavailable and are even toxic. They
accumulate due to new environmental conditions. This increased chemical load further
increases hormonal dysregulation to add to the reproductive effects experienced in the
affected species (Bretveld et al., 2006).

CONCLUSION

To control the impacts of the climate change it requires unanimous actions between
the environmental mitigation, adaptation as well as adjustments in the lifestyle of the people.
On the national scale, global warming and climate stresses on the ecosystem and human
health require the protection of greenhouse gas emissions through the introduction of
renewable energy, sustainable transport, and improved land use (Intergovernmental Panel on
Climate Change, 2021). At the personal level, it is important to make lifestyle choices which
can reduce the personal carbon footprint. These include reducing energy use, reducing meat
intake, switching to mass transit, saving water, and minimizing the use of pesticides
(Vandenberg et al., 2025). Besides these active health measures like stress management,
healthy diet, exercise as well as mental health can be used to make individuals better cope
with climate induced stress like heat waves, air pollution and extreme weather conditions. A
multi-level solution to both reduce climate impacts and enhance resilience is both social
policy and individual lifestyle change.
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Abstract:

Indian knowledge systems, including classical traditions such as Ayurveda and local
health traditions, are deeply rooted in ecological principles that link biodiversity to human
well-being. Liver disease is an increasing global health burden, often associated with
environmental toxins and metabolic disorders. In this context, we assess the therapeutic
potential of Clitoria ternatea L. (Fabaceae), commonly known as butterfly pea or Aparajita, a
plant with a long and rich ethnobotanical tradition in India for the treatment of various
diseases. A critical assessment of Clitoria ternatea proves its ethnopharmacological,
phytochemical and experimental evidence as a hepatoprotectant. I1ts mechanism, primarily
based on strong anti-inflammatory flavonoids antioxidant and anthocyanins has been studied
in preclinical models of hepatic injury. There is a need for policy and research to bridge the
gap between traditional knowledge and modern evidence-based medicine, and to promote an
integrated approach that advances both health protection and health outcomes.

Keywords: Indian Knowledge Systems, Biodiversity, Ethnopharmacology, Clitoria ternatea,
Hepatoprotection, Anti-Inflammatory, Traditional Knowledge

INTRODUCTION

The complex relationship between man and nature is at the core of Indian knowledge
systems, which include a range of classical texts such as Ayurveda and various local,
ethnomedicinal practices (Kalra et al., 2024). These systems are based on the fundamental
understanding that human health is inextricably linked to environmental health (Maheshwari,
2024). In this view, biodiversity is not just a collection of species, but a vital, interconnected
network that provides basic ecosystem services, including clean air and water, a nourishing
diet, and a rich pharmacopeia for human disease (Convention On Biodiversity, 2015).

Degradation of ecosystems and unprecedented loss of biodiversity therefore pose a
direct threat to human well-being and compromise access to these life-sustaining resources
(Myers et al., 2013). In public health today, liver disease is emerging as a silent epidemic,
driven by factors such as viral infection, alcohol abuse, metabolic syndrome and exposure to
environmental hepatotoxins. The central role of the liver in detoxification and metabolism
makes it uniquely vulnerable to both endogenous and exogenous stresses. While conventional
medicines offer treatment, there is growing interest in plant-based therapies which may offer
protective or healing benefits with fewer side effects (Patwardhan, 2005).

This has renewed scientific interest in the vast repository of medicinal plants that is
documented in the traditional knowledge-systems. Clitoria ternatea L. (butterfly pea), also
known as Aparajita in Sanskrit is widely used in traditional medicine throughout India. The
plant is prized for its many properties, including as a tonic for the brain and as a treatment for
inflammation and toxicity (Sangekar, 2020). Our goal is to synthesise the ecological wisdom
of IKS with the modern scientific knowledge.

Indian Knowledge Systems and Biodiversity
Indian knowledge systems including the codified principles of Ayurveda as well as the
non- codified knowledge base of indigenous and tribal communities are ecologically centred
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in their philosophical views. They view the universe as composed of five elemental aspects or
Pancha mahabhutas (earth, water, fire, air and space) and there is no distinction between the
microcosm (the human body) and the macrocosm (the environment). In this sense, health is
viewed as being in a state of balance both internally and externally within the individual and
the environment (Khan, 2025).

The biocultural approach to conservation has provided a broad array of conservation
approaches based upon traditional cultural and spiritual values. Sacred groves is a section of
forest designated as sacred to a particular deity and thus protected by local communities
which provide de facto nature reserves and contain significant amounts of biodiversity (Singh
et al., 2016). These sacred groves represent the ways in which cultural values support
conservation of temperate forests and endemics species such as many medicinal plants.
Similarly, India's traditional farming systems have long been associated with growing crops
adapted to specific regional and/or climatic conditions, supporting food security and
environmental resiliency (Kalra et al., 2024).

The traditional ecological knowledge documented through the IKS is not static; it is a
dynamic system that continues to evolve through interactions with the local ecosystems. The
efficacy of traditional medicines depends on the presence of viable and active plant stock.
Therefore, the IKS is inherently linked to a conservation imperative. The destruction of
natural habitats and the loss of plant diversity will directly threaten the existence of these
medicinal systems (Patwardhan, 2005).

Ecosystem Health With Special Emphasis On Hepatic Health

There is a strong and complicated relationship between the loss of biodiversity and
human health (WHO, 2020). The diversity of ecosystems supplies many ecosystem services
which are essential for maintaining human well-being, including (Paul et al., 2015):

i) Supply services (food, freshwater, medicine)
i) Regulatory services (climate control, water purification, disease control)
iii) Cultural services (spiritual enhancement, leisure)

Loss of biodiversity diminishes the capacity of these services creating both direct and
indirect pathways to poor health outcomes (Marselle et al., 2021). Deforestation alters the
local climate and hydrological cycles and thereby reduce agricultural production and the
availability of food and can create environments that are conducive to the increased
transmission of zoonotic diseases through changes in vector and host habitats (Myers et al.,
2013). The liver is especially sensitive to environmental integrity because it is the major
detoxifying organ in the body. It is responsible for processing and eliminating harmful
substances from the blood. There are several ways how environmental degradation results in
an increased toxic load on the liver. Heavy metal and chemical contaminants in drinking
water, pesticide residues in the food chain, and air pollutants are examples of environmental
stressors that can induce hepatic oxidative stress and inflammation leading to liver failure
(Kim et al., 2024). Conversely, a healthy ecosystem has characteristics that promote the
health of the liver (Hernandez-Blanco et al., 2022). Biodiverse diets based upon
agrobiodiversity provide a wide variety of micronutrients and phytochemicals that have
antioxidant and anti-inflammatory properties (Gajender et al., 2023).

In addition to providing nutrients, biodiversity is a source of many medicinal plants
that are traditionally used to treat liver disease. These plants have biologically active
compounds that can potentially protect the liver from injury, stimulate liver repair and
enhance liver metabolism. Therefore, conserving biodiversity is a public health strategy to
minimize the adverse effects of hepatotoxicants and for treating liver disease (Pablo et al.,
2015).
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Ethnobotany and Traditional Use of Clitoria ternatea

Clitoria ternatea belongs to the family Fabaceae and has bright blue or white flowers.
It is known by the names 'Aparajita’ in some parts of our country and 'Shankhpushpi' in
others, for its great fame in traditional medicine (Sangekar, 2020).
Its use goes back to books on Ayurveda under the name Medha Rasayana. It is a herb that
improves memory and intelligence and is well known for its nootropic properties for the
medicinal substances it contains whose action improves human thinking, learning, and
memory used by various communities for the treatment of various conditions (Manimaran,
2023).

Clitoria ternatea
Ethnobotanical surveys and traditional texts show that all the roots, seeds, leaves and
flowers are used for treatment of ailments (Patel and Mishra, 2023). The roots are considered
a powerful nerve tonic and are also used as a laxative and a diuretic. Traditional healers of
India use root decoctions for treating whooping cough, asthma and urinary tract infections
(Shivgankar et al., 2015).

Paste of its leaves and roots are often applied externally for skin ailments and to

relieve swollen joints. Seeds are known for their detoxification and purifying properties and
organ preservation. Traditional uses include treatment of digestive disorders, pain in the body
and as an antidote to certain animal stings, suggesting a role in the management of internal
toxicity and inflammation (Manimaran, 2023).
National and State Biodiversity Boards must formally recognise and integrate indigenous
knowledge of traditional medicinal products. Realising its benefits and immense potential
policies should provide for the in-situ conservation of wild C. ternatea in designated
protected areas and for the ex-situ conservation in botanical gardens and gene banks (Singh et
al., 2016).

Phytochemistry and Mechanisms Relevant to Hepatoprotection

Clitoria ternatea has many chemical compounds that provide it with medicinal value
(Sangekar, 2020) including numerous other secondary metabolites, for example, flavonoids,
anthocyanins, triterpenes and steroids. The flower petals are blue due to the presence of
anthocyanin glycosides; specifically, a class of anthocyanins known as delphinidin derived
ternatins (Mohammed and Khan, 2022). Due to their stability, the ternatins are a significant
contributor to the high level of antioxidant activity in the plant.
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C. ternatea is primarily able to protect the liver through inhibition of oxidative stress and
inflammation, both of which are among the most common causes of pathological changes in
the liver.

e Antioxidant Activity:
The liver is highly sensitive to oxidative damage caused by reactive oxygen species (ROS)
produced during the metabolism and detoxification of xenobiotics (Allameh et al., 2023) .
Phytochemicals in C. ternatea, especially flavonoids such as the derivatives of kaempferol
and anthocyanins, are potent free radical scavengers (Alkandahri et al.,2023). They can
directly neutralise the formation of ROS and also improve the body's endogenous antioxidant
defences by increasing the activity of enzymes such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GTx). These compounds maintain the structural and
functional integrity of hepatocytes by reducing lipid peroxidation and protecting the cell
membranes from oxidative damage (Vidana et al., 2021).

e Anti-inflammatory Effect:
Chronic inflammation is a hallmark of most liver diseases. Flavonoids and triterpenoids of C.
ternatea have been shown to have anti-inflammatory properties. They may inhibit the
production of proinflammatory mediators such as cytokines (such as TNF-alpha, IL-6) and
CYP2A2 enzymes (Gajender et al., 2023). This helps to reduce tissue damage and to prevent
the progression of hepatic impairment to more serious diseases such as fibrosis and cirrhosis.

e Membrane Stability:
In toxic liver injury models, damage to the hepatocyte membrane results in the release of
intracellular enzymes such as alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) into the blood. Their presence are clinical signs of liver injury. Extracts of C. ternatea
stabilise these membranes, preventing the leakage of enzymes and maintaining viability of
the cells (Nithianantham et al., 2011). The synergistic action of these phytochemicals
provides defence against hepatic injury, making C. ternatea a strong natural hepatoprotective
agent.
In vitro, In vivo Evidence Of Hepatoprotective Effects

e In vitro studies:
In vitro antioxidant tests prove the strong free radical-sucking ability of extracts from
different parts of C. ternatea, in particular flowers and leaves. For example, studies
measuring the radical scavenging activity of DPPH show that flower extracts have a high
antioxidant potential correlated to their high total phenolic and aromatic content (Graziela et
al., 2020). These studies confirm the biochemical credibility of the plant's protective effects
against cell damage caused by oxidative stress.

e Invivo animal studies:
In vivo studies are the most convincing evidence of the hepatoprotective effects of C.
ternatea in model animal organisms. These studies typically involve the administration of
known hepatotoxins such as paracetamol (acetaminophen) or carbon tetrachloride to rodents
followed by treatment with extracts of C. ternatea (Jayachitra and Sreelatha, 2011;
Nithianantham et al., 2011). Flower extracts also protected against toxicity induced by
acetaminophen, restoring glutathione levels and avoiding histopathological changes (Fakurazi
et al., 2012). Recent work has shown that it can reduce liver damage in diabetic and
dyslipidemic rats by lowering inflammatory markers and hepatic enzymes (Widowati et al.,
2024).

Research Priorities
The following recommendations are proposed to achieve the full potential of Clitoria
ternatea and other medicinal plants:
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Development of standardised plant-phytochemical profiles for C. ternatea extracts to be used
in research as well as in commercially manufactured products. These standardised
phytochemical profiles should include the identification of the main bioactive compounds
and its metabolites in order to obtain a consistent product from batch to batch in terms of
quality, efficacy and safety.

Assessing the efficacy and potential risk of the use of C. ternatea as adjunctive therapy in the
treatment of non-alcoholic fatty liver disease (NAFLD) and other chronic liver disease.
Research to determine C. ternatea toxicity and to develop safe therapeutic doses for this
plant.

Research to optimise C. ternatea production using agronomic methods, such as organic
farming and agroforestry systems to increase yields while preserving biodiversity.

CONCLUSION:

The convergence of Indian knowledge systems, biodiversity and human health provides a
powerful paradigm for sustainable development (Nesshover et al., 2017). The ancient
understanding that environmental health and human wellbeing are inseparable is now
confirmed by modern environmental and medical science (Hernandez-Blanco et al., 2022).
Clitoria ternatea is a powerful example of this. Its long history of use in traditional Indian
medicine has led to scientific investigations which have revealed biologically active
compounds with a significant, proven potential to protect the liver. We cannot allow the
transformation of traditional knowledge into validated treatments available throughout the
world to occur at the cost of losing diversity of life or taking advantage of local populations.
Investing in robust clinical research, promoting sustainable agriculture, and enforcing fair
benefit-sharing policies will help us tap the therapeutic potential of plants like C. ternatea. In
doing so, we not only improve human health, but also create strong incentives to preserve the
rich biocultural heritage that supports this knowledge. This united approach is the way to a
more sustainable future for humans and the planet.
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DECLINE IN SOIL BIODIVERSITY DUE TO BROAD-SPECTRUM PESTICIDE USE

Anjali and Eshita Pandey*
Department of Zoology, Dayanand Girls P.G. College, Kanpur, Uttar Pradesh
*Corresponding author email: dreshitapandey@gmail.com

Abstract:

Soil animals from tiny nematodes to larger earthworms play an important part in
keeping the soil healthy. They help break down waste, improve soil structure, and support
helpful microbes that keep nutrients cycling. Growing use of pesticides in farming is harming
these small yet vital creatures. Pesticides are meant to kill harmful pest; they often stay in the
soil and hurt animals that are not their targets. Pesticides affect soil animals. There are ways
to restore soil life by using compost, biochar, and mixed farming life. Soil animals must be
protected and it is important to make farming safer and more sustainable to protect
biodiversity of soil.

Keywords: Nematodes, Earthworms, Pesticides, Compost, Biochar, Sustainable, Biodiversity

INTRODUCTION:

The soil is a living ecosystem that sustains countless forms of underground life,
including earthworms, mites, nematodes, and many others. Together, these organisms
contribute to soil fertility by improving aeration, mixing organic matter, and facilitating the
recycling of nutrients essential for plant growth. However, this vibrant underground network
faces a serious threat from the widespread use of pesticides in agriculture.

Pesticides, including insecticides, fungicides, and herbicides, are designed to target pests, but
they inadvertently harm non-target soil organisms as well. These chemicals persist not only in
in the environment but they also accumulate in soil and within the bodies of organisms,
disrupting their physiology and survival (Beaumelle et al., 2023).

Pesticide residues have become a major cause of biodiversity loss in soil ecosystems. They
alter soil structure and affect nutrient cycling. They also compromise the sustainability of
agricultural systems. These findings are supported by strong scientific researches which rely
on biochemical studies, laboratory toxicity tests, and long-term field observations to assess
these effects.

Soil Fauna Role In Soil Health

Soil fauna includes macrofauna (earthworms, termites), mesofauna (mites,
springtails), and microfauna (nematodes, protozoa). They all are categorised based on size
and each group plays a unique role in maintaining soil quality. Earthworms the ecosystem
engineers, help mix the soil, enhance aeration, and increase water infiltration. Mites and
springtails decompose organic matter and promote fungal growth, while nematodes feed on
bacteria and fungi, releasing nutrients that plants can easily absorb. When pesticides disrupt
or kill these organisms, the entire soil ecosystem becomes unstable. The study by Neher
(2001) found that pesticide exposure in earthworms altered the microbial composition in their
guts, reducing their ability to decompose organic matter effectively. The diversity and activity
of other decomposer organisms also decline under pesticide pressure. Such impacts extend
beyond individual species, leading to reduced soil fertility and weakened ecological
resilience.

Behaviour of Different Types Of Pesticides in Soil
Pesticides are described by their chemical nature and environmental behaviour.
Commonly available types of pesticides include organophosphates (e.g., chlorpyrifos),
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neonicotinoids (e.g., imidacloprid), carbamates, and pyrethroids. Once applied, these
substances interact with soil particles, organic matter, and water.

It has been observed by Bondareva and Fedorova (2021) that Neonicotinoids are highly
soluble and can leach into deeper soil layers, thereby reaching organisms residing far below
the surface. Organophosphates are more degradable and are neurotoxic. They cause severe
biochemical disturbances in soil fauna. Pyrethroids tend to bind strongly to soil particles,
posing greater risk to organisms in upper soil layers. Over time, repeated applications cause
accumulation and chronic exposure, even when concentrations appear low. The persistence
and bioaccumulation of these compounds determine the long-term risk to underground
biodiversity and Soil Degradation, Land Scarcity and Food Security and such more Complex
Challenges to Sustainability. (Gomiero, 2016).

Mechanisms of Pesticide-Induced Toxicity in Soil Fauna

Pesticides harm soil organisms through a combination of biochemical, physiological,
and genetic mechanisms. Many pesticides generate reactive oxygen species (ROS), which
cause oxidative stress by damaging proteins, lipids, and DNA. Beaumelle et al., (2023)
observed that earthworms exposed to imidacloprid displayed lower antioxidant enzyme
activity, indicating a high level of oxidative damage and metabolic imbalance.
Organophosphates and carbamates disrupt normal nerve function by inhibiting the enzyme
acetylcholinesterase (AChE), which is essential for transmitting nerve impulses. Keifer et al.,
(2007) reported that nematodes exposed to pyrethroids, organophosphates and carbamates
showed reduced feeding and locomotion thus confirming neurotoxic interference in their
behaviour. Soil fauna depend on gut microbes for digestion and detoxification and pesticides
alter this delicate balance. Sharma et al., (2023) demonstrated that herbicide exposure
changed the gut microbiota of earthworms, reducing their ability to digest organic matter and
absorb nutrients effectively.

Prolonged pesticide exposure disrupts reproduction and also damages genetic

material. Altered gene expression has been identified related to toxicity and reproduction in
soil invertebrates exposed to various pesticides. These molecular changes lead to population
decline and long-term ecosystem degradation (Pomacena et. al., 2025). Researchers have
tried to assess pesticide toxicity also under controlled conditions. Studies have observed
significant cellular damage and decreased enzyme activity in earthworms treated with
imidacloprid (Nowell et al., 2024). Although tests done in labs do not replicate the natural
environment and they also simplify complex ecological interactions, still they provide direct
evidence linking pesticides to physiological stress and mortality in soil fauna.
Field-based studies reflect the real-world effects of continuous pesticide use. Frampton et al.,
(2006) reported higher earthworm density and enzyme activity in organically managed rice
fields compared to conventional ones.Konestabo et al., (2022) identified that even after three
years ceasing of pesticide application, populations of mesofauna such as springtails remained
below pre-exposure levels. Several studies have established the fact that recovery from
pesticide contamination can take several years. These findings also prove that soil ecosystems
possess limited capacity for self-restoration (Sule et al., (2022).

To understand pesticide effects broadly it is important to connect molecular changes
to ecosystem-level outcomes. Chow et al., (2022) found that integrating biomarkers to the
investigation is useful to understand the damage. Enzyme activity, movement behaviour, and
community composition can be studied to assess soil health. Combining biochemical and
ecological indicators provides a complete understanding of how pesticide exposure translates
into long-term shifts in biodiversity and ecosystem stability.

Restoring Soil Health

Adding compost or manure enhances microbial diversity and supplies carbon sources

that accelerate pesticide degradation. Compost supplementation in contaminated soils
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promotes earthworm recovery. It improves reproduction, and also boosts enzyme activity
(Kabato et al., 2025). Organic matter also enhances soil structure, reduces pesticide mobility,
and provides microhabitats that help fauna survive stress periods. Biochar acts as an
absorbent material, trapping pesticides and reducing their bioavailability. Yadav et al., (2024)
demonstrated that adding 2% rice husk biochar to chlorpyrifos-polluted soil lowered
nematode mortality and increased microbial diversity. Inoculation of soil with beneficial
bacteria such as Pseudomonas and Bacillus species supports pesticide degradation and helps
restore soil biological balance. Agricultural diversification through mixed cropping, reduced
tillage, and biological pest control can reduce pesticide reliance and improve soil resilience as
observed by Virk et al.,(2025). Poly-cropping systems maintain higher soil faunal diversity
and faster pesticide degradation compared to monocultures. Sustainable practices also
stabilise soil communities and reduce vulnerability to future chemical stress. The work of
Srivastava et al., (2024) demonstrates that ignoring soil fauna leads to incomplete
environmental risk assessments. It is necessary that future policies must include soil-faunal
bioassays such as enzyme activity tests, survival studies, and diversity indices as part of
pesticide approval processes. Ensuring soil biodiversity protection is vital for achieving
sustainable agriculture and long-term food security.

CONCLUSION:

Soil fauna forms the foundation of healthy soils and sustainable agriculture, yet they
remain the hidden casualties of chemical-intensive farming. Research across laboratory,
mesocosm, and field levels reliably shows that pesticides are harmful. Pesticides reduce soil
fauna abundance, disrupt physiological processes, and alter microbial symbioses. The
produce cumulative effects of oxidative stress, neurotoxicity, and genetic damage and lead to
long-term biodiversity decline (Keifer and Firestone, 2007). However, restoration of soil is
possible. Organic amendments, biochar applications, microbial inoculants, and diversified
cropping systems offer effective means to revitalise soil health. Integrating these approaches
with firmer regulatory frameworks can help lessen the crisis of underground biodiversity loss.
The expanding pesticide use makes it pertinent to protect soil fauna. It is not only a scientific
necessity but also an ethical responsibility. Valuing and preserving these unseen organisms,
will help safeguard the very foundation of life that sustains agricultural productivity and
ecosystem resilience.
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MANAGING SERICULTURE WASTE: CHALLENGES AND PROMISING
SOLUTIONS

Amita Srivastava and Shweta Maurya
Department of Zoology, Dayanand Girls P.G. College, Kanpur (U.P.)

Abstract:

Sericulture, the practice of cultivating silkworms for silk production, plays a vital
economic role in many countries. It produces a lot of trash despite its financial advantages,
and improper management of this waste can have detrimental effects on the environment.
Reeling remnants from silk extraction procedures, abandoned mulberry leaves, silkworm
litter, and pupae are the main sources of waste in sericulture. These byproducts are an
untapped resource with a lot of potential, and if they are not treated, they also contribute to
environmental contamination. Promoting sustainability in the sericulture sector requires
efficient waste management. For example, composting silkworm litter and mulberry leaves
can produce nutrient-rich organic manure that can improve soil fertility. Similar to this,
silkworm pupae, which are frequently thrown away, can be turned into animal feed or utilized
in sectors like cosmetics and pharmaceuticals because of their high protein content. Another
by-product that can be recycled into different kinds of biodegradable materials or energy
sources is reeling residue. The article explores the various waste products produced
throughout the sericulture process, looking at how they affect the environment and
emphasizing the possibility of creative waste management strategies. By investigating these
strategies, the study hopes to show how sericulture waste may be used efficiently, enhancing
the industry's value and promoting environmental sustainability.

Keywords: Sericulture, Waste, Sustainable, Management, Environment.

INTRODUCTION:

Silkworms Bombyx mori belongs to Lepidoptera order and family Bombycidae.
Silkworm is considered as a valuable economic important insect which fabricates silk thread
in the form of cocoon around itself (Hussain et al. 2011). They spin a cocoon of fiber that is
the source of economic silk. Bombyx mori feeds exclusively on the leaves of the mulberry
(Morus sp.), and is a wonderful model system due to its life cycle, it is inexpensive, and there
are no ethical issues involved. Approximately 8 million people in India are involved in
sericulture, which involves a great deal of labour and medical care. In order to make
sericulture more economically viable, it has become important to review and analyze various
factors that improve growth, yield, fiber quality, and larvae’s resistance to pathogens. The
silkworms are vital economic insects which contributes substantially to the economy and
Gross Domestic Production (GDP) of the many countries namely China, India, Thailand etc.
(Chen, 2003; Chen and Gu, 2006). Enhancing cocoon quality and productivity is the key
factor to achieve maximum GDP through sericulture. In 2016-17 India had witnessed for
achieving Rs. 2495.99 Crores, this shows importance of sericulture in India. India is the
second largest producer of silk within the world with an annual mulberry silk production of
20478 MT with a region of 2.23 lakh hectares of mulberry during 2016-17 (Anon, 2016).
Three primary forms of trash are produced by this industry: excess mulberry twigs, leaves,
and fruits; cocoon reeling waste, such as pupae; and bed waste from raising silkworms. The
majority of the trash comes from mulberry farms, where it has been observed that about 45%
of the leaves that silkworms consume are released as garbage. About 0.067 hectares of
farmland can be fertilized using this waste, which is typically 250-300 kg from marginal
farmers and can be converted into 2500 kg of agricultural manure (Wenhua, 2001). While
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silkworm trash alone can be utilised in the pharmaceutical and biogas production industries,
by-products from silkworm farming can be utilised in vermicomposting (Sharma et al.,
2022). Low-cost vaccines against a range of infectious diseases can be produced using
silkworm larvae as a bioreactor (Datta, 1994). Millions of people rely on sericulture for work
and income, making it a vital component of rural economies. However, sericulture produces a
lot of trash, just like many other agricultural sectors. In addition to degrading the
environment, improper waste management techniques can result in a lost chance to make
good use of these byproducts.

Animal feed\ & | 2

Biomaterials

Although silk farming is a lucrative industry, the waste products from sericulture can
lead to environmental challenges. One significant issue is the disposal of cocoons. While
disposing of cocoons may seem like a minor task, silk farmers encounter numerous
difficulties in managing it. Additionally, silkworm litter often accumulates on the floors,
making cleaning a labor-intensive process. This accumulation increases humidity and
temperature, creating an environment favorable for pathogens (Ganesan et al., 2022). Organic
materials such as dead larvae, leaf litter, moths, cocoons, and larval excreta can be observed
in sericulture waste. Waste from mulberry cultivation in sericulture can be effectively utilized
to produce organic manure. Since these waste results in compost with high nutrient content, it
should be converted into valuable compost using appropriate technology.

Importance of Waste Management in Sericulture

Effective waste management in sericulture is essential for three major reasons
protecting the environment, maximizing economic value, and improving social welfare. From
an environmental perspective, careless disposal of mulberry residues and silkworm litter can
lead to unpleasant odors, microbial infestations, and contamination of soil and water.
Economically, these by-products are a rich source of nutrients and organic matter that can be
recycled into valuable resources such as organic fertilizers, livestock feed, and biogas —
promoting a sustainable circular economy within the industry.

In India, the sericulture sector provides employment to more than eight million
people, most of whom live in rural communities where traditional waste handling methods
still dominate. By adopting scientific and sustainable utilization practices, this sector can
transform what is often seen as waste into a source of profit producing biofertilizers for
farming, renewable energy through biogas generation, and nutraceutical compounds extracted
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from silkworm pupae. Moreover, efficient waste management directly supports several
United Nations Sustainable Development Goals (SDGS), particularly SDG 12, which focuses
on responsible production and consumption, and SDG 13, which emphasizes climate action
and environmental sustainability.

Types of Waste in Sericulture
A. Mulberry wastes

Mulberry or other species of the Morus genus are the soul food plant of the
domesticated silkworm Bombyx mori. Mulberry cultivation for silkworm farming is
known as Mori culture, and over time, different parts of mulberry are treated as seri-
wastes and used as sericulture by-products in a variety of ways. There are currently
comprehensive pharmacological updates available due to the numerous articles that
have occasionally been published regarding the therapeutic significance of the
mulberry plant (Nuri et al., 2023). Notable medications have been used to treat
conditions like diabetes, stress, heart problems, neurological disorders, etc. In certain
clinical situations and in this field of study, mulberry leaves, stems, and roots are still
used for their quick mechanism of action. Mulberry fruit is a promising natural tonic
because of its high nutritional content, which includes proteins, flavonoids, and
anthocyanins. Antioxidant-rich mulberry tea helps lower arterial pressure, or blood
pressure, and regulates blood sugar (Arabshahi et al., 2007). Mulberry fruit is known
for its laxative properties. As a result, it works wonders for melancholia and
dyspepsia and has numerous uses in drugs. In addition to all of these, it's used to make
jam and pickles. Mulberry fruits' anti-wrinkle and antioxidant qualities have led to a
wide range of applications in the cosmetics industry. Due to their diaphoretic
properties, mulberry leaves will effectively inhibit the growth of gram-positive
bacteria and yeast on the body of the host (Srivastava et al., 2006). Mulberry stems
are used in manufacturing industries because they contain tannin and pigment.

B. Silkworm litter

Larval molts, leftover mulberry leaves, and silkworm excrement make up
silkworm litter. A sizable amount of sericulture by-products are made from this trash.
Excreta, also known as frass, are a great input for organic farming since it is high in
minerals including potassium, phosphate, and nitrogen. If not adequately degraded,
leftover mulberry leaves can lead to unpleasant odors and bug infestations. Another
part that is frequently thrown away is larval molts, which are shed throughout
silkworm development. When silkworm litter is properly managed, it can be turned
into vermicompost or high-quality compost, which helps to increase soil fertility and
lessen reliance on chemical fertilizers. It is also being investigated for possible usage
as an ingredient in fish or animal feed and in the generation of bioenergy. Poultry can
be fed a mixture of silkworm litter and leftover mulberry leaves. Growth hormone that
is taken from silkworm waste and are utilized to make high-quality paints, pencil
covers, plastic carbon, and commercially available activated carbon (Reddy, 2010). In
addition to being useful as raw materials for biogas plants, cow manure and silkworm
larvae can also be utilized to extract phytol and carotene, which are then used to
create Gan Xue Bao, a novel medication for leukemia and hepatitis (Wani et al.,
2020).

C. Silkworm pupae:

The silkworm pupae, which stay inside the cocoons after the silk strands are
removed, are frequently thrown away as garbage. However, due of their high protein
and fat content, these pupae have a great deal of potential for usage. Because of their
nutritional makeup, they are useful for a number of purposes such as because of their
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high protein content; pupae can be turned into feed for aquaculture, poultry, or
livestock. Pupae's lipid content can be removed and converted into biodiesel, which
provides a sustainable energy source.
Pupae proteins may find use in pharmaceuticals and dietary supplements. A lost
chance to add value to sericulture is represented by the underutilization of this
resource. The industry could increase sustainability and profitability by incorporating
pupae processing into waste management plans. Additionally, pupae have naturally
produced inhibitors of 1-deoxynojirimycin (DNJ), a strong alpha-glucosidase
inhibitor that is also found in their host leaves and has been shown to be effective in
reducing blood sugar levels (Tomotake et al., 2010).
D. After reeling

The waste includes silk filaments, sericin, and defective cocoons produced
through the silk reeling process. Remaining fibers that are unsuitable for producing
premium silk threads are known as silk fibers. They can be recycled into materials for
crafts or insulation and frequently have broken or uneven threads. In order to recover
the core silk fibers (fibroin), sericin, a water-soluble protein that makes up a portion
of the silk cocoon, is usually eliminated during the silk spinning process. Because of
its hydrating and antioxidant qualities, sericin is able to be recovered and utilized in
sectors such as food, medicine, and cosmetics rather than being thrown away. These
days, sericin protein is emerging as one of the most significant biomolecules due to its
possible applications in medicine and cosmetics (Rangi and Jajpura, 2015). Low-
quality cocoons are those that are broken, asymmetrical, or otherwise unfit for use in
the production of commercial silk. Although they are frequently thrown away, they
can be processed to create biofertilizers or animal feed, or they can be utilized to
make spun silk.
The fact that these residues are mentioned highlights how crucial it is to look into
sustainable ways to manage and use them efficiently rather than throwing them away
as garbage.

Waste Management Strategies
When it comes to waste management, it is critical to assess the agricultural waste
produced during mulberry cultivation and how it can be effectively managed or reused to
reduce its negative effects on the environment. Reducing sericulture's environmental impact
requires sustainable practices like environmentally friendly dyeing methods and effective
wastewater treatment systems. The Indian sericulture sector can preserve its cultural legacy
while guaranteeing financial stability and environmental sustainability by adopting these
developments (Pooja and Mariyappanavar, 2024).
A. Biogas Production
The need to protect the environment and the atmosphere from the negative
impacts of using non-renewable energy sources has raised awareness of the need for
renewable energy sources, such as biomass (Wani et al.,, 2020). Utilizing
environmentally friendly raw materials from ecosystems and their waste is part of
using renewable energy (Hastik et al., 2015). In addition to the economical benefit of
producing biogas, the manure is also far more uniform. Mulberry silkworm pupae that
have been defatted have previously been studied as a feedstock for the production of
biogas. Waste is primarily prepared by insect technology as food scraps combined
with excrement. It guarantees an ideal environment for the growth and efficient
metabolic activity of the bacteria that contribute to the process, making it a high-
quality substrate for the production of biogas using the anaerobic fermentation
process (Viswanath & Nand, 1994). Utilizing biogas has several advantages, such as
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being economically viable, requiring the least amount of money to produce energy,
being environmentally benign, and having limitless potential. Through the production
of energy and bio-manure, the use of biogas has addressed the problem of energy
resources in a "zero-waste” way. While a very high organic loading rate suppresses
bacterial activity, a higher organic loading rate improves process efficiency (Mao et
al., 2015).
B. Vermicompost

Vermicomposting is the process of using earthworms to turn garbage into
vermicompost (Lee et al., 2018). The mulberry cultivation can be made sustainable
and low-cost via recycling all the natural residues of sericultural beginning as
compost and vermicompost. Although, the reaction of vegetation to chemical
fertilizers is immediately, the function of natural manure in increasing the yield can’t
be under envisioned. Vermicompost is an eco-friendly era and has a top notch scope
within the recycling of sericultural residue. While anaerobic compost in pits takes
four to five months, vermicompost technology uses earthworms and composts any
organic waste that is finished 50 to 60 days after the earthworms are added. Dealing
with the stuff is not tough. It contains rich plant nutrition made up of micronutrients
as well as helpful microbes (Wani et al., 2020). Vermicomposting involves loading
organic waste, such as silkworm litter, bed waste, and field weeds, among other
materials, into an open pit or trench, filling it with enough water and cow dung or
biogas production slurry, and letting it lie for 25 to 30 days to partially decompose.
This is used as earthworm beginning feed. The semi-decomposing cloth's temperature
will increase to 50-60 °C throughout this procedure. The temperature can be lowered
by turning the material up and down one or two times, after which it will return to
normal.
C. Pupae Utilisation

Insects known as silkworm pupae are good for human health because of their
high nutritional content and—more significantly—the range of pharmacological
actions they can have when ingested (Zhou et al., 2022). Domestic silkworm pupae's
biological roles have been gradually discovered and validated, particularly their
positive impact on human health. According to studies, silkworm pupae have
beneficial benefits on blood pressure reduction, blood glucose and lipid regulation,
liver protection, immunological boosting, antiapoptosis, antitumor, and antibacterial
properties. Protein is the most abundant substance in silkworm pupae, followed by oil.
With 26.2% oil content, Eri silkworm pupae have the highest amount of oil among the
four species (Longvah et al., 2011). In addition to being high in oils, silkworm pupae
also have high concentrations of unsaturated fatty acids, particularly polyunsaturated
fatty acids that are highly nutritious as a source of edible oil (Longvah et al., 2012).
D. Sericin Utilisation

The silk gland insect B. mori produces and secretes sericin, a naturally
occurring polymer. 25-30% of the cocoon weight is made up of sericin, a water-
soluble glycoprotein that has 18 amino acids, strong polar side groups (the hydroxyl,
carboxyl, and amino groups), and a high concentration of serine, a aspartic acid, and
glycine, which makes it a hydrophilic protein. The functional characteristics of sericin
are influenced by its physicochemical characteristics, which mostly rely on the
silkworm lineages and the sericin isolation technique. This makes sericin a potentially
biocompatible substance for use in biological applications (Kunz et al., 2016). In vitro
and in vivo studies of biological compatibility and antioxidant properties have shown
that sericin is immunologically inert, have established its safety, and have opened up a
wide range of biomedical applications, including the food and cosmetics industries, as
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a supplement in culture media, cryogenic preservation, wound healing, antitumor
effect, various metabolic responses in organic systems, and suggest its use in tissue
engineering and as a drug delivery vehicle (Snehal, 2008; Zhang et al., 2006). When
sericin is added to cosmetic formulations like creams and shampoos, the results
include increased hydration, elasticity, less irritating cleansing, antiaging as well as
antiwrinkle properties (Singh, 2014).

Conclusion:

Waste management in sericulture offers a special chance to turn a problem
into strength. The industry may lessen its impact on the environment and increase
sericulture's economic competitiveness by implementing sustainable methods. To do
this, cooperation between farmers, the researchers, and policymakers is crucial. Future
studies should concentrate on creating affordable technologies and studying novel
uses for byproducts of sericulture. The sector may increase its overall economic
viability and provide stakeholders with more revenue streams by turning sericulture
waste into assets like fertilizer, animal feed, or bioenergy. Solutions for waste by-
products and new, affordable technologies are needed. For instance, creating effective
methods to extract vital nutrients and proteins from pupae or investigating new
applications for silk reeling residues.
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BIODIVERSITY CHALLENGES IN HUMAN AND ENVIRONMENTAL CONTEXTS

Ashwani Kumar Dubey
Department of Zoology,
Shri Rajiv Gandhi Government College Banda, District Sagar, Madhya Pradesh
Email: ashwanikhajuraho@gmail.com

Abstract:

Biological diversity refers to the variety of plants, animals and microorganisms that
exist. The status of our biodiversity has always been dynamic. Over millions of years, under
natural conditions, some species have increased in variety or numbers and others have been
reduced or lost. Some people wonder why we should be worried about conserving
biodiversity now, in particular, when the world has gone on more or less as it is for so long.
But natural habitats everywhere are being assaulted as never before and as habitats are lost
we are also losing various types of plants and animals. No one would have thought, even a
few years ago, that the common house sparrow of Britain could be endangered, but now it is.
There are concerns that man-made changes to our environment are leading to too many of our
species being lost and our biodiversity becoming seriously depleted.

One of the reasons biodiversity is important is because it helps to keep the
environment in a natural balance. An ecosystem which is species-rich is more resilient and
adaptable to external stress than one in which the range of species is limited. In a system
where species are limited, the loss or temporary reduction of any one could disrupt a complex
food chain with serious effects on other species in that same system. Once biodiversity is
sufficient, if one nutrient cycling path is affected another pathway can function and the
ecosystem - and the biological species it supports-can survive. Elsewhere, tropical rainforests,
in particular, have provided many beneficial products, from natural medicines to biological
control agents for agriculture. Water is one of the most vital factors in the existence of the
living organism on this planet.

Asia is the world’s continent, encompassing an area of 17,139,000 square miles
(44,390,000 square kilometers), almost 30% of the world’s land area. Because Asia covers
such an enormous area and contains so many countries and island including India. India
20.5937° N, 78.9629° E has the total area of 3,287,263 sq km land: 2,973,193 sq km water:
314,070 sq km is situated in the south port of Asia, bordering the Arabian Sea and the Bay of
Bengal, between Burma and Pakistan.

Biodiversity may also define as “Biodiversity are an integral part of the ecosystem
and have an importance in eco-balance for animal welfare” a new definition suggested in the
present situation. We need to preserve as many individual species as we can and we also need
to preserve as many different types of ecosystem as we can, because each one serves a
different and important function with environmental challenges.

Keywords: biodiversity conservation, environment, ecosystem, global warming, climate
change, natural disasters.

DEFINITIONS OF BIODIVERSITY

“Biological diversity” or “biodiversity” is still a relatively new concept which is not
found in dictionaries published before mid-1980s (Dudley, 1992). The term “biodiversity”
entered the scientific language as a result of a US National Academy of Sciences’ publication
of the same name (Wilson, 1988). The term biodiversity is drived from the contraction of
biological diversity (Walter G. Rosen, 1985). However it draws together concepts that had
preoccupied ecologists and geneticists for some time prior to that date. There have been a
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number of international conventions concerned with specific aspects of biodiversity — for
example, the Convention on Wetlands of International Importance, especially Waterfowl
Habitat (known as the Ramsar Convention, 1971), the Convention to Regulate International
Trade in Endangered Species of Fauna and Flora (Washington, 1973), the Convention of
Migratory Species of Wild Animals (Bonn, 1980), and the non-binding International
Undertaking on Plant Genetic Resources. There have also been conventions concerning
biodiversity in particular regions, for example the Convention on European Wildlife and
Natural Habitats (Bern, 1979), the Convention on Nature Protection and Wildlife
Preservation in the Western Hemisphere (Washington, 1940) and the African Convention on
Conservation of Nature and Natural Resources (Algiers, 1968).

As the names of these conventions imply, the issues involved concerned species and
landscape conservation. None of them were focused on biodiversity on a global scale, and on
the full and integrated set of definitions of the word (which are discussed below). Nor did
they explicitly consider the implications of conservation for development and human welfare,
except in passing. By 1987, there was growing scientific evidence of the erosion of
biodiversity on a global scale. This also resonated with emerging problems with the control of
genetic information, which emerged with the rapid development of biotechnology. Since the
beginning of the 1990s the conservation of biodiversity had also become one of the central
goals of international conservation organizations such as the World Wide Fund For Nature
(WWEF), International Union for Conservation of Nature (IUCN) and the United Nations
Environment Programme (UNEP) (WWF, 1993). Much of the scientific and commercial
interest originated in the United States, and this country was the first to pressure for a global
convention. Nonetheless, it addressed the wider issues of all biodiversity protection on a
global scale, and is used as a framework for the discussion by the present paper. Biodiversity
may also define as “Biodiversity are an integral part of the ecosystem and have an importance
in eco-balance for animal welfare” a new definition suggested in the present situation.

INTRODUCTION:

In the last 50 years life has change rapidly world over. The loss of biodiversity as a
result of anthropogenic activities has become a central preoccupation among natural
scientists, and many social scientists as well. Although we do not know the exact scale of the
problem, in particular the extent to which human beings have been responsible for the loss of
biodiversity as compared to the natural evolution, the process of species extinction, green
house effects and critical changes in the earth’s biochemical cycle are now increasingly
emphasized. The concept of human welfare is equally tangled. In general terms, it relates to
the provision of improved conditions of living. Human welfare is linked with the preservation
of biodiversity in varieties of ways. Biodiversity forms the basis of a global-life support
system. Human beings have fulfilled many of their needs by taking advantage of the
existence of many genes, species, as well as a “balanced” ecosystem. For instance, many
plant species have formed the basis of food, fibre, medicines and many other useful items.
There are also many aesthetic and ethical values of plant and animal species.

This paper considers the complex relationships between biodiversity and human
welfare. It shows how biodiversity and human welfare are perceived differently by a wide
range of actors. These contested meanings constitute the problematique of biodiversity, an
understanding of which has profound implications for conservation policy-making. The
authors examine, in particular, how biodiversity has been seen by different groups of people
and how they interact in the arena of biodiversity. It not only looks at the level of dependence
that different sections of the rural poor have on biodiversity either as use values or for petty
commodity production, but it also examines such groups as policy makers at the national and
international levels, state functionaries, entrepreneurs, corporations and timber traders which
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have frequently more influence on the discourses surrounding the protection and use of
biodiversity. To illustrate this, the paper includes detailed case studies involving India, a
treasure trove of biodiversity and wildlife.

The paper suggests that State, national and international conservation policy and
practice are undergoing rapid transformation from the previous predominately nature
preservation orientation to sustainable use of natural resource for livelihoods. Many groups of
policy makers and scholars at the international level perceive a synergy between biodiversity
conservation and human welfare. However, few concrete policies and strategies have so far
been developed to implement these ideas in practice. There have been form idable political
problems in the way of negotiating biodiversity conservation at the national and international
level. There has also been serious questioning of the capability and will of many states to
implement conservation policies on the ground. At the local level, conservation efforts have
led to the definition and appropriation of the biodiversity resources by outside forces, and this
in turn has generated conflicts over these resources. The paper argues that while the
contemporary debate about biodiversity appears to represent elements of a new moral
dimension about ‘“human-nature” relationships, it is also a testimony to familiar political-
economic divisions. These involve divisions between international, national and local
interests; between science and politics; official and folk; and power relations at the local level
deriving from differences of class, ethnicity and gender.

The conclusion of the paper is that there are strong pragmatic and political grounds
for paying detailed attention of the impact of biodiversity erosion and conservation upon
human welfare against environmental challenges particularly in cases where conservation
efforts may possibly affect local people directly. The political grounds are that other
considerations such as the abuse of human rights and the accentuation of inequalities are
related to environmental degradation, and so conservation efforts must be seen to address
these issues too, and not to exacerbate them.

LEVELS OF BIODIVERSITY:

The biodiversity found on our earth today is the result of 3.5 billion years of
evolution. It now has international recognition as a result of the Biodiversity Convention
signed under the auspices of the United Nations Conference on Environment and
Development (UNCED) in Rio in June 1992, and it has since become an increasingly
prominent public policy issue, as governments seek to ratify the Convention. The term
biodiversity involves a complexity of meanings and levels. As used in the Convention, the
term has the following definition (IUCN, 1994).

Biological diversity means the variability among living organisms from all sources
including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological
complexes of which they are part; this includes diversity within species, between species and
of ecosystems. Thus biodiversity is the variability of life in all forms levels, and
combinations. It is not the sum of ecosystems, species and genetic material, but rather
represents the variability within and among them (IUCN, 1994). Biologists usually consider it
from three different perspectives:

Genetic diversity: refers variation of genes within a species which results in different
varieties of breeds within the species.

Species diversity: refers to the verity of species within the region.

Ecosystem diversity: refers variety of ecosystems within an area.

It can be seen that these three perspectives form a hierarchy and are basically different
ways at looking at the same thing (IUCN, 1990). All biodiversity is the result of natural
selection working on the consequences of genetic variation (Lee, 1993). Much important
diversity is invisible such as microscopic life-forms in soil (Beard, 1991) or not obvious such
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as variation within a single species. The scientific understanding of biodiversity is still at an
early stage. The initial scientific focus was on estimating the diversity of life forms and the
scale and rapidity of their decline (Wilson, 1988). Although an estimated 1.7 million species
have been described to date, we do not know the true number of species on Earth, even to the
nearest order of magnitude. While counts for small groups, such as birds, are relatively well
known, the biggest question mark lies over the number of insects and micro-organisms
(WCMC, 1992). India is one of the mega biodiversity countries in the world and occupies the
ninth position in terms of freshwater mega biodiversity (Mittermeier et al., 1997).

TYPES OF BIODIVERSITY:
* Floral biodiversity
* Faunal biodiversity
* Agro biodiversity
» Horticulture biodiversity
» Forest biodiversity
» Domesticated biodiversity
* Aguatic biodiversity
» Microbial diversity

WHY IS BIODIVERSITY IMPORTANT ?

At least 40 % of the world’s economy and 80 % of the needs of the poor are derived from
biological resources. In addition, the richer the diversity of life, the greater the opportunity
for medical discoveries, economic development, and adaptive responses to such new
challenges as climate change.

Biodiversity offers many natural services such as Ecosystem services, Water
conservation, Soils formation and protection, Nutrient storage and recycling, Pollution
breakdown and absorption, Contribution to climate stability, Maintenance of ecosystems,
Recovery from unpredictable events, Biological resources, such as Food, Medicinal resources
and pharmaceutical drugs, Wood products, Ornamental plants, Breeding stocks, population
reservoirs, Future resources, Diversity in genes, species and ecosystems, Social benefits, such
as Research, education and monitoring, Recreation and tourism, Cultural values, Building
materials, Fuel, Paper product, Fiber (clothing, textile), Industrial product (waxes, rubber,
oils), Regulating global process such as atmosphere, climate and soil conservation,
Pollination and seed dispersal, Control of agricultural pests, Genetic library

VALUE OF BIODIVERSITY:

Values have to be relevant to human beings, and implicitly values of a resource such
as biodiversity, when they are realized, are a way of understanding human welfare. However,
at the outset it is worth mentioning that the reasons for conserving biodiversity relate not only
to human welfare and that there are other non-anthropocentric reasons for conservation. Five
general reasons have been given to explain the importance of maintaining biodiversity
(Inskipp, 1992).

(i) Ethical reasons: the belief that every life form warrants respect independent of its

worth to people and human welfare.

(i) Maintaining ecosystems: a myriad of life forms are essential for keeping air

clean; stabilizing weather; disposing of wastes; recycling nutrients; creating soils;

controlling diseases; pollination, etc.

(i) Material and economic benefits to people: biodiversity contributes to

agriculture; fisheries; medicines; industry, etc.
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(iv) Maintaining evolutionary processes: biodiversity is the raw material of further
evolution. If the genetic resource base is drastically reduced, the result is likely to be a
depletion of evolution’s capacities for speciation and adaptation persisting far into the
future.
(v) Aesthetics: many species inspire beauty and awe. Conservation literature is full of
statements about the connection between biodiversity and human well-being in terms
of these subjective criteria.
These general reasons for conserving biodiversity may be expressed in terms
of the values which they represent, as described below.
Health Security

» 30 % of drugs obtained from plants;

* 80 % of world’s population depends upon natural medicines;

« Of 150 top prescription drugs 118 originate from natural sources. Eg. Vincristine,
Vinblastin (sada bahar), Taxol (taxes bacata), Reserpin (sarpgandha), Guggul.

Food Security

* Development of high yielding varieties World famous rice variety IR-36 developed
from Oryza nivara in India;

» Development of disease resistant varieties e.g. Grassy Stunt disease resistant variety
development from Oryza nivara in India;

» Out of 3000 edible crops, only 150 are commercialized;

* 4 major food crops- Rice, Wheat, Maize and Potato.

INTERNATIONAL BIODIVERSITY GEOGRAPHICAL DISTRIBUTION:

Worldwide distribution of biodiversity in various geographic regions are dived in six
regions viz. Palaeartic regions, Neartic region, Ethiopian region, Oriental region, Neotropical
region, and Australian region. The main objective of Zoogeography is the systematic study of
Geo-zoo-biodiversity. Need to discuss in details with new strategy suggested.

INDIAA TREASURE TROVE OF BIODIVERSITY:

Asia is the world’s continent, encompassing an area of 17,139,000 square miles
(44,390,000 square kilometers), almost 30% of the world’s land area. Asia covers such an
enormous area and contains so many countries and island including India. India 20.5937° N,
78.9629° E has the total area of 3,287,263 sq km land: 2,973,193 sq km water: 314,070 sq km
is situated in the south port of Asia, bordering the Arabian Sea and the Bay of Bengal,
between Burma and Pakistan. Water is one of the most vital factors in the existence of the
living organism on this planet. The risk that China and India will be facing severe water
shortages due to a perfect storm of economic growth, global warming, climate change, and
demands of fast growing populations by mid century may be facing a "high risk of severe
water stress".

« With 2.5 % of the land area, India accounts for 7-8 % of the globally recorded species.

» India is one of the 8 Mega diverse countries of the world.

* India ranks among top ten species-rich nation and shows high endemism.

» Over 46,000 species of plants; 91,000 species of animals recorded in the country.

» 89 National parks in India extending over nearly 37,530.76 square km area I. e., they
are covering nearly 1.14% part of the total geographical area of the country.

» There are about 489 sanctuaries in India with the total area about 1,17,042.04 square
km | e., they are covering nearly 4.7% part of the total geographical region of the
country.

» Biosphere Reserves was initiated from the conservation point of view for human
welfare Man and Biosphere programme of UNESCO in 1971. At present there are 13
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biosphere reserve in India. Nilgiribiosphere was firstly declared as reserve area in
1986.

* 04 Hotspot of biodiversity (Eastern Himalaya; Indo-Burma; Western Ghats and
Sundaland)

* One of the world’s 8 Vavilovian centers of origin (with 167 species of agri-
horticulture crops and 320 species of their relatives known to have originated here.

BIODIVERSITY IN MADHYA PRADESH:

Madhya Pradesh is situated on the cross junction of the 02 Hot spots of Biodiversity
i.e. Eastern Himalayas and the Western Ghats. The state has 9 National park Bandhavgarh
National Park, Kanha National Park, Satpura National Park, Sanjay National Park, Madhav
National Park, Van Vihar National Park, Mandla Plant Fossils National Park, Panna National
Park, and Pench National Park (Wild Life Forest Department, Madhya Pradesh) and 25
Sanctuaries Bori, Bagdara, Phen, Ghatigaon, Gandhisagar, Karera, Ken Ghariyal, Kheoni,
Narsinghgarh, North Chambal, Nauradehi, Pachmari, Panpatha, Kuno, Pench, Ratapani,
Sanjay Dubri, Singhori, Son Ghariyal, Sardarpur, Sailana, Ralamandal, Orchha, Gangau and
Veerangana Durgawati showing following figure spread over an area of 5680 sg. km region
which is about 1.3 % of total geographical region and 3.4% of total forest region in Madhya
Pradesh. The state has 02 biospheres Kanha and Pachmarhi.

Rajasthan

®..'e

Satna \FFSidhi

17

Chhattisgarh

Maharashtra

Legend
& National Parks
o

Sanctuaries
Figure: National park and Sanctuary of Madhya Pradesh India

There are 5000 Plant species including 1000 medicinal plants, 500 Birds species and
180 fish species reported by various scientists. 73 bird species present in Chhatarpur district
of Madhya Pradesh (Dubey, 2014); 32 fish species recorded in Chhatarpur district of Madhya
Pradesh (Dubey et al., 2012); 24 species of reptiles reported (Dubey and Khare, 2013) and
Diversity of lentic freshwater Catfish (Dubey, 2012) reported in our previous study.

Madhya Pradesh is the largest producer of Oilseeds and Pulses. A rich diversity of
minor millets: Kodo, Kutki, Sawan etc. Malwi, Nimari, Gaolao and Kenkatha are the native
breeds of cattle. “Bhadhawari” is a native buffalo breed with highest fat content in milk.
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“Jaminapari” Native breed of goat.“Kadaknath” is a native breed of poultry famous for its
black meat found in Jhabua District of Madhya Pradesh.

THREATS TO BIODIVERSITY:

The proximate or direct causes of biodiversity loss are well documented. These include
mechanisms such as habitat loss and fragmentation, over-exploitation of plant and animal
species, introduced species, pollution, climate change, and agro-economic processes. This
process began with the emergence of settled agriculture and more sophisticated hunting and
herding techniques. Until approximately 10,000 years ago, only natural processes of
extinction had occurred, but were added to by spatially isolated cases of the extinction of wild
animals which competed with humans, usually at sites of intensive settlement. It is estimated
that in the present greatly accelerated phase of extinctions, current rates of extinction may be
between 1000 and 10,000 times the historical rate (Wilson, 1988).

* Reducing Forest Cover

* Unsustainable Harvesting

» Invasive Alien Species

 Pollution Pressure and contamination

» Poaching, Forest Fires, Grazing, Timber, Fuel Wood Mining

* Mono Cropping

» Climate change

* Global warming

ENDANGERED AND THREATENED SPECIES:

IUCN and Natural Resources prepare The Red Data Book containing the name of
those animals whose future is in danger. This book is being revised time to time so as to get
the correct knowledge of the present status of the species. Europe, Mediterranean, Africa,
Asia, Arabian Peninsula and Americas.

The IUCN Red List of Threatened Species™ provides taxonomic, conservation status
and distribution information on plants, fungi and animals that have been globally evaluated
using the IUCN Red List Categories and Criteria. This system is designed to determine the
relative risk of extinction, and the main purpose of the IUCN Red List is to catalogue and
highlight those plants and animals that are facing a higher risk of global extinction (i.e. those
listed as Critically Endangered, Endangered and Vulnerable). The IUCN Red List also
includes information on plants, fungi and animals that are categorized as Extinct or Extinct in
the Wild; on taxa that cannot be evaluated because of insufficient information (i.e., are Data
Deficient); and on plants, fungi and animals that are either close to meeting the threatened
thresholds or that would be threatened were it not for an ongoing taxon-specific conservation
programme (i.e., are Near Threatened).

CONSERVATION ISSUE:

Once this short list of heavily utilized species is established, the forces for
specialization become firmly established in which capital goods are applied to the production
of these species and these species alone. “Sunk costs” such as technologies, along with
adapted social and economic structures (e.g. irrigated paddy production), are important
considerations acting against the diversification and extension of the short list of existing
species (Swanson, 1992c). The result is that it becomes attractive to increase the quantities of
these established specialized species, rather than to invest in the new technologies and socio-
economic and political structures that would be necessary in order to begin to exploit other
species not on the short list of the twenty or so which produce the great majority of the
world’s food (Plotkin, 1988). As specialization of agriculture deepens and diffuses, the rates
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of conversion to specialized species and the associated conversion of wild habitats to settled
agriculture or livestock production increases greatly.

According to some observers, conservation of biodiversity is merely a sophisticated
expression of a well established pre-occupation with the conservation of a small number of
extinction-prone animal species and their habitats. Despite the rhetoric, conservation policy is
still aimed at key species (Dudley, 1992). However, Pimbert (1993) acknowledges that most
of the species important for the maintenance of ecological processes are located in human-
managed ecosystems such as agricultural and forestry land, which therefore lie outside
protected areas, with greater species diversity. For example, in West Germany only 35-40
percent of the total of 30,000 species is found in protected areas; the remaining species live in
human-managed ecosystems (Pimbert, 1993). There is a strong case for conservation
organizations to pay more attention to human-managed ecosystems to fulfill the goals of
biodiversity conservation, rather than to concentrate efforts and data collection on
unconverted habitats.

The notion of “welfare” is also subject to multiple interpretations, and can be
identified in the current context as ways in which different values of biodiversity are
appropriated by different actors. Thus, there is a growing recognition of the need to
accommodate qualitative and indigenous concepts of the values of biodiversity with a
particular emphasis on the ways in which these appropriated values are distributed. Also, the
range of measures of welfare has been steadily extended, as illustrated by the increasing
sophistication of the Human Development Index (HDI), published annually by UNDP. For
example, in 1993 UNDP introduced the idea that the participation and empowerment of
individuals and groups to shape their own lives are important dimensions of welfare. Many of
the methodological and scientific references which mention the connections between
biodiversity and human welfare have done so in very general terms. The discourse usually
focuses on the benefits of biodiversity to “mankind” over long time periods and on a global
scale. Attempts are made to identify the value of biodiversity conservation, to demonstrate its
constituent parts, and then go on to capture those values in decision-making criteria. It is, of
course, in the latter that the question of how these benefits affect humans impinges upon our
concern of human welfare. We believe there is an urgent need to analyze the social
complexities of these generalized arguments. This is done first by identifying the different
values of biodiversity in principle, and then by specifying who appropriates each of these
values which contribute to their welfare.

STRATEGIES FOR BIODIVERSITY CONSERVATION:

» International Organization: International Union for the Conservation of Nature and
Natural Resources, Switzerland 1948, World Wild Life Fund, Switzerland 1961.
Conservation of Biological Diversity-1992-Rio De Janeiro, Brazil — A landmark
treaty. 193 signatory countries till date. The Paris Agreement, reached Dec. 12, 2015,
is a pragmatic deal that holds countries accountable and builds ambition over time.
Core elements of the agreement include commitments on emissions, adaptation,
finance and transparency, and steps to promote carbon trading. The real and rising
risks of climate change, and the opportunities of a clean energy economy not only
drove the Paris Agreement, but will keep encouraging stronger action and investment

* National organization: Government - Zoological Survey of India, Kolkata 1916;
Indian Board of Wild Life, 1949; Wildlife Institute of India, Dehradoon 1982. Non
Government Organization - Bombay Natural History Society, Mumbai 1883. Wild
Life Preservation Society of India, Dehradun 1958. Environment and Social Welfare
Society, Khajuraho 2000. The National Biodiversity Authority (NBA) was established
in 2003. As a follow up of Conservation of Biological Diversity (CBD) the Biological

Organized by:
Shri Rajiv Gandhi Government College Banda, District Sagar, MP 76



National webinar on Climate change and Biodiversity 2025

Diversity Act was promulgated by India in 2002 followed by Biological Diversity
Rules in 2004.

« State Government: Began setting up a network of in-situ conservation area under the
provision of the Wildlife Protection Act, 1972 was declared in 1973. Govt. of India &
WWEF launched Project Tiger in 1973. The Biological Diversity Act, 2002. CBD,
Sustainable use of its components, and Fair and equitable sharing of the benefit
arising out of the use of biological resource, knowledge and for matters connected
therewith or incidental there to.

Conclusion:  “Biodiversity are an integral part of the ecosystem and have an
importance in eco-balance for animal welfare”. We need to conserve many individual species
because each one serves a different and important function with eco-balance and human
welfare. Once any species extent it cannot be generate again.
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CLIMATE CHANGE AND CORBON FOOT PRINT- ABRIEF REVIEW

R. K. Nagarch
Department of Physics
Govt. Auto. Girls PG College of Excellence, Sagar, Madhya Pradesh
Email: ramkumarssi@gmail.com
Abstract:

As it is well known the climate change, a long-term shift in global weather patterns, is
caused by human activities that increase greenhouse gases. The basic cause of this issue is
due to the industrial revolution, human economic & social activities and the global
development of society. In general, it has been heavily dependent on the exploitation of
natural resources. The use of fossil fuels, deforestation, the drainage of wetlands, the
transformation of coastal marine ecosystems, unsustainable land use, and many other
unbalanced processes of human activity have led to an increase both in the anthropogenic
emissions of climate-active gases and in their concentration in the atmosphere. In the present
review article, | have studied in brief about Corbon Foot Print (CFP) here in this review. The
concept of carbon footprint arose during the process of measuring greenhouse gases (GHG)
emissions, to help gauge the impact of GHG emissions on global climate change more
accurately. CFP is an accounting for carbon emissions has become particularly important. In
this article we have discussed in brief CFP fundamentally.

INTRODUCTION:

Carbon accounting, the first step in carbon management and emission reduction, includes a
series of activities related to carbon emissions such as measurement, calculation, verification,
reporting, and so on [1,2]. It is believed that over the past ~150 years these phenomena have
contributed to an increase in the global average temperature in the near-surface layer of the
atmosphere by ~1 °C. Currently, the most pressing tasks facing states and scientific and civil
societies are to reduce anthropogenic CO, emissions and to limit the global air temperature
increase. In this regard, there is an urgent need to change existing production systems in order
to reduce greenhouse gas emissions and to sequester them. In this review, it is briefly
reviewed and consider up-to-date scientific approaches and innovative technologies, which
may help in developing roadmaps to reduce the emissions of climate-active gases, control
rising temperatures, decarbonize economies, and promote the sustainable development of
society in general. Climate change has brought about global crises, such as extreme weather,
melting glaciers, rising sea levels, reduced food production, and the spread of epidemics,
posing severe challenges to human survival and development. These phenomena are
exacerbated mainly by the carbon emissions generated by human activities [3-5]. Many
climate experts believe that global temperatures will continue to increase over the next 100
years [3]. Hence, the Intergovernmental Panel on Climate Change (IPCC) considers the
reduction of greenhouse gas (GHG) emissions important to mitigate climate change.

The term carbon footprint originates from the concept of ecological footprint, which
was first proposed by Canadian scientist William Rees in the 1990s. The ecological
footprint quantifies the pressure and resource consumption of human activities on the
ecosystem by converting the resources consumed and waste generated by a certain population
into the required biologically productive land area [6]. The currently recognized definition of
carbon footprint is the total amount of GHGs directly and indirectly emitted by the studied
product, activity, or service throughout its life cycle, expressed in CO, equivalents. GHGs are
categorized into six types specified in the Kyoto Protocol: CO,, CH,4, N,O, HECs, PFCs, and
SFs [5]. As research progressed, the definition of the carbon footprint has incorporated
concepts such as implicit carbon, carbon flow, and virtual carbon. Carbon footprint
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accounting is the technological foundation for achieving green production, promoting low-
carbon consumption, and economic development. It is also an important prerequisite for
breaking down green trade barriers and achieving international exchange and mutual
recognition of carbon footprint labels. The proposed carbon footprint reveals the impact of
human behaviour on climate change from a unique perspective, thus providing an effective
tool for the scientific measurement of carbon emissions. It has been accepted by
governments, organizations, and institutions in various countries and has gradually penetrated
various research fields.

IMPORTANCE OF CARBON FOOTPRINT (CFP)

The carbon footprint is a key indicator of human footprint in climate change. Recently in the
last years global greenhouse gas emissions were around 35 billion tonnes of CO,. In order to
limit global warming to below 2°C, the global per capita carbon footprint should fall below 2
tons CO, per year by 2050. This is a significant reduction from the current averages of 16
tons per capita globally. Knowing your carbon footprint enables you to take concrete actions
to minimize environmental damage by determining the primary sources of emissions. It also
helps efforts to combat climate change and reduce worldwide emissions [2-4].

COMPONENTS OF ACARBON FOOTPRINT
A carbon footprint includes emissions from:
o Energy use: Electricity use, heating and cooling homes and offices.
« Transportation: Motor vehicle driving, air travel, public transport, and shipping.
e Food and consumption: Production, processing, and transport of food
e Waste: Generation and disposal of waste materials.
e Land use and farming: Cropping and deforestation.

CALCULATION OF CFP

A carbon footprint is estimated by measuring not only CO, emissions but also emissions of
other greenhouse gases such as methane — which is 25 times more potent than carbon — and
nitrous oxide. The effects of each of these gases are summed and represented as a single
value in metric tons of carbon dioxide (MT COZ2e) [9]. There are two commonly used
methods of carbon footprint estimation, life cycle assessment and input-output analysis [4].
Life cycle assessment takes into account all processes in the product’s life cycle, from
production to disposal of the product. It involves summing up as many of the emissions
pathways as possible. With this approach, there is a high possibility of missing out some
pathways and since it is a manual process; it could take days to calculator per product and
therefore not suitable for large scale use.

The second method known as input-output analysis involves using carbon intensities,
which are measured in kilograms of CO, per amount spent on the products, to assign a
footprint to a product based on its price. Because the process is fully automated, it is much
faster and can handle large amounts of data. The main limitation of this method is that it
cannot manage product-specific data, such as low carbon sources.

Assuming that a family consumes 500 kWh of electricity per month and an emission
factor of 0.5 kg CO, emission per kwWh, monthly emissions from electricity would be 250 kg
CO;, emission.

Strategies to Reduce Carbon Footprint
1. Lowering a carbon footprint requires lifestyle modification and systemic
transformation, such as:
2. Energy efficiency: Energy-efficient appliances, insulation upgrades.
Renewable energy: Solar, wind, or other alternative energy sources.
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3. Sustainable mobility: Public transport, cycling, walking, electric vehicles.
4. Dietary changes: Reduced meat and dairy, locally sourced food.
Conserving waste is about not using single-use products, recycling, and composting.

CONCLUSION

The carbon footprint is a valuable tool for measuring the contribution to climate change by an
individual, organisations, products and services, and more. For example, by computing the
industrial carbon footprint, an industry can better understand its major sources of emissions
and find ways to minimise them. Such as assist you in understanding the key emissions
sources in your organisation. It enables you to dive deep into your company’s activities and
identify the most important challenges as well as opportunities. It enables you to become
more conscious of your consumption and contribute to making more responsible decisions
[5]. At the individual level, to efficiently contribute to climate change mitigation, you do so
by monitoring and measuring your individual carbon footprint. Some people produce much
more carbon dioxide than others; the average carbon footprint for an individual in the United
States is sixteen tons, which is one of the largest in the world. The average carbon footprint
on a global scale is closer to four tons [7-8]. To have the best chance of keeping global
warming to 1.5 degrees Celsius, carbon footprints must be measured at multiple levels,
including national, organisational, and individual.
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STefdry aRads & 991d ¥ g9+ foy I8 omaeas & 6 99 U9 R geRaer &R @i &1
JReT a1 S | a1 @1 Hels DI yoiqar uirefd fhar S anfey | |rer €1 |1y afhid
ST & fog 1 Ug dred & folv 39 od W 8e & o A1ty f6 uh Us dred &
e, U FAT US ST S US o7 S | SfShieT &3 UR g&Ruel 84 9 Slefdry
aRads & Ta BT B AT ST AHaT 2 |

(iii) oo oY

PN & aF H Ui HiY Jorell & ARgH ¥ Sadryg URdGdd & YA bl HH AT o
FHAT & | PN H IS ISARPI AR DHITARIBT & YART DI HH BID oildd IaRb] AR
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Sifdd wU H TIR BICARID! BT TN fHIT SIET =120 | 39 AfTRT STl gdg= Tl
B HIA ITINT IRDb STAdrg IRTAT & J91G BT RN fHar S Favell 2 |
(iv) @& <ad
P < Uh MYF AR Iuaxer 2, e dgd AHe=d 41 & Icoid IR <ol
SR SITAT & | I8 YWYl &+l dlel Selli 3R ARKAT BT IS bl HH &3 & folg
URT wxar 71 o Mesy A9 & Scaod & R &1 & fog orp fear smar 2
JE S S SR AT AR R Ry S| 2 S YiFesd ¥ B Scaed Rl © |
TIHT ILIY TSI DI HH B b foIU HUfal 3R AfhAl BT AIdRd ST & | TP
Uh YT oM I§ © [ I8 IO Pl BH B b oIy doR ARG FHAEN Iq~
FRAT 2|
(V) IR IrY S WRACH
TE TP JTell § FOaH WReR U FRFd dMr () a6 SIoid & Hifid a2 3R
FHUFTl B I W < 21 99 98 SN a1 85 & (@ 41 96 sy i
BT IS B B AT BRI € | HUFET S WRMATH BT 3MIT H FUR IR Gl 3 |
SABT I Icdod DI fPHrId! 7 & FRf3d & iR wufaal & Scoid g™ & oy
AT BT 2 |
(vi) saireig fafese ok aFa
R SAdry gRacd R A0 @9 & foy de waiariig faffgqa ok ae FeiRa
IR FHdl 8, 9 USHUT B AN, SHoll qerar AFd, iR ERT wenfifeal & fou dicarsd
anfe R STefary gReds & @Rl | 991 ST qHhal 2 |
(vii) T Sfig <Reor &R S fafderan
I Siad iR g fafderdr o7 w@Reror <5 & forg i Iurdl o7 sravasddr § | 99 gell @
w0 H PO SIgATRASS Bl AALNNT BRA ©, SHIY IURT &3 &I &l PRAT AR
JETRIY0T BT FGIAT ST AEAWAD © | Sierarg uRad+ & HReT oid fafdedr § &1 o Fahclt
Tl 39 GAT B BA X1 @ fo 9= Sfial ok wikRefae 3 @1 <em i@ o
fafareraT wReror FHRAT MaTTF 2 |
(viii) R iR &9 SRS AT Sefary gRads ¥ Fues & forg AanRel &k [ & |
Rl H R 3R Swddl bl 3fdd Aeedqul © | R gorell ¥ Sefarg uRad+ o
FHEY F W g2l IR ARl § Fodr] uRadd & e IR \HST AR FHRI B SITedhdT
faefia erfl | Jrs-e SedhdT AN & Jregq | Sidarg gRadd & a) § AR &l
T AT 3R I= FAd SHaRIel! YA & forg AR &1, o {6 SHofl @l 9a9d, e
BT U 3R qAEaRY g I RSFER ARTRST &1 faer™y 8 |
(ix) srererg =@ (Climate Justice)
STefdry UREds ¥ Ha™T 3ffed JIfad 819 drel =0 T IR0l a1 ¥ FH U AT
=1fe | ooy wu 4, fJeraefia < & Soary uRadd & gv@l | foed & fog ki
3R THIDI AT YT BT AT |

STefdry URacd &1 efere faf=T anfdfes, |mifoie ok wafereim gfeamon 4
STy uRRadd & gl Bl FHsH 3R 30T SUR & AR &) & Udh A8yl & & |
39 e & forg foai, faia Surl ok siaRisy d=anT @) amavaedr &1 afe 8d
STefdry URdds & gUTEl ¥ 94T @Ted ©, Al 84 3fftd ¥l iR redifold Ul &l
AN HRAT BN | STy uRadd U& afRas ST 8, S 1 ®ael gaiaRyl, dfed e
R IS faerd &1 fY ywifad &R &1 81 39 b & v dl¥ad T8N, dheId]
TR, R ARKITT TANT B AILIHAT |

STy URadd | e s Frifidar M @1y, FEife e @Rl TaiaRer €
AGAl & Soodel WIS HT AR & ("

Organized by:
Shri Rajiv Gandhi Government College Banda, District Sagar, MP 88



National webinar on Climate change and Biodiversity 2025

5. SR URad B AP & oy I HR Ao

AT WRGR Siearg URdas & g9d ¥ Fues & o s e vd amifoTe
e SRIGAT & AegH ¥ Ag@yYl BRG] YOG GAR fHAT 8| Sefary uRads R I
S Ao B faltre aFf § Ared Jarerdl @ rf| fhafaa fear o <@ 21 e 9R
3R Serary uRade MeTiifae oM & &F H AE WR R Rl 36 Siearg uRadd )
IR BT Ao B &0 TR 0R BRRG ¢ |

YRA H UITEROT g9 Ud Sferdry uRdds A3 SaR] 2014 ¥ Sierarg gRked« bR
FHTAHH M B AT BT Ay &) &l ¢ | e 7 S d=fve &k Aifoerd
FREHAT & fou Sfoa dvemTd dvar wfid e 21 gg oy e @& el H
STetarg uRecde § Had Areell &1 fharagd $Rd Y <% H Sadry URddq & Jedidd
2q ISl vd fawemsal @ emar T axar 21 e araw 9 <@ 169 & 99d B
R T JeieT & gRT Soarg uRday H i Pla & Y9 DI B [HIT ST AhdT
&
6. Sy URas @ forg IRa® wwRm

Serarg uRacd U aflgs wwer © off gedl & o1 fewdl &7 wifad @) <8 2
s yEEl ¥ Figes & foy dad IS R R PR A8 A1 S Hahdl, dfed ahale
IRT® Tl BT geIsar § | A <u & 9 [N SR ATS WHMM, S P B
I H HHI, BRI Holl BT TN, R TAdg Jeber SUR, 39 gArdl 4 e
# HEaqut qfAET T € |
(i) IRE wwsiar

STefdry URacs IR dfRqd TR IR Ha Hecdqol ARSI FHSIAT I DI TS
URe # a¥ 2015 H G~ g | o fdwg & v qui @ ufaffeRi 9 aRas Serary
IRad & g IR Fdl B B foiy SURYT gU o | et W See df¥gs d[E gfg
@ 2°C d& A &=, I <2l & gRT U AMT H Siedryg uRkadd & forg SaRer
PRBT & {7 HSR UMY IR HRAT TAT STeary fad fe R ==i d=A1 a7 | §9 FHsid
@ ded | <2 7 FeAld @b fhar 2 f6 9 2°C ¥ 31fde auEe gig a1 e & forg

dHeH IBITI 3R T BT fd a8 gig 1.5°C a6 AiffT 8| 9% < DI 3 STadry]
gRad & RIaTd Fay & U ded aa = 81T IR & Uid ATl § 39 &l P qHel
PR BT | fApRyd <= @7 faeraeie <9 @ Seary uRads ¥ fued & forw faxi
HERl (Searyg fa) uam el 8|

(ii) oG ot HHAT

SR gRads 9 e & forg Shared geMl 9 Fdiaxeid ol |rdl & AR FhH
JAYPH 2| TG U AR MR U Holl oI 3MeTT Holl Fldl b SUART g™ & forw
IRGRT BT Al 9T BRI T AR U9l 3R Uad cdigd wfid &xa & forv fo<i
MedTes Ue fhar o Iaar 21 faeraeiia <ol § e ol denfifeal & Suderdr
g™ & o1 doiie! Feradr 3R fHder &1 masadhdr © |

(iii) ST SO § HH

TAIgdd BIed IcdoiT DI HH B b oIy g SUAT B MMGIDBAT & | dlad g 3R
IS ATIR TOTell & §RT SEUFT BT YU HH &1 & forg IRT far o1 waar 21
e ufshamei, fFEioT &7 iR uRags & ol <&TdT 9T, BIed ST H BHl o &
forg Fewqel wew 2| dRaEd a3 H QuUR, Tfdcd a8 I 9T <AT, Adeid yRdeH
BT STANT FSHT AR BT S0 dTel dTeAl dI Iqoid ge T df¥ad yaral &1 fewr

BT A1RY |
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(iv) Sterarg faa
STy URTAdT & FHRME & [ Aaededs e § &3 BT AT R & oY RIS
Serarg fa<1 Aecaqol | Sfetary uRadd ¥ fued iR s9e g9rEl 9§ g9rd & foy faxiy
IUR B AT Bl © | f[Apraeiiar el &1 Sy uRadd & ywral 9 e 8k
BT B Ul Bl AR BRI B oY fRTT FERIar @1 fawadbdl 86l €| 9 oY
JIRITT Srerary fad Ry, S 9 aagie Be wRRA 21 e faaraeha < o
IR <l o fa<iig werdr ol gsdl & | Sedry aRddd § fued @ oy Sdiexeiia
Sl Al H e 9gMT saeds € | Aol &3 @1 W Setarg uRareEel # e w-a @
forg greanfea far S =iy, i Sierary |AEmE @ ot sawdd Yol Sjels Sff 9 |
SAY STy Adhe & FARM & o1y Sedbiierd AMfdd o™ 8 Fad o |
(V) geafer ERE07 3R geIRIor
T BT HRET 3R FERMY TR uRacds & &7 & @ oy oed S g1 Us—ur
BIE SIS FATES DI IJANVT PRI & 3R Sy e & Y9 bl eNH B H A
FRA 2| sy ARTPH WR W a9 &5 P WA BT AR JARMY Pl g@ QAT
3MaeTH © | MR R IRNE & IUART Bl g1 A1 STaarg uRadd & u¥E &1 A
T W AG PR FhdT 3 |
(vi) ey S
Sefarg URdds | §9d & SURIT & A1, 89 39D YWl 9 Fued & oy srgderd
UM @ AELIHAT & | TAarg URadT & IHEl BT HH B B fog g e B
ST 3MawId &, o 6 T &3l § acrg JRefl, a6 a0 &R Siadrg—aTdieas dTel
TR} BT 0T far S AT 2| STy uRdds & 9 | PN 3R STl G gHifad
TAIR—deTee HiY Tl BT SUANT AR Sl AREAT IUF H PV 3R Tl HA=HA
yee fRar S Hadr 2 |
(vii) dRa® SIFTE®Ear iR R
SRy gRads & FARIE & oy das Snreedr iR e o/dd Aeayul 8 g iR
ATl DI TG IRIAT & IR H SRTHD HRAT AR = TR H AFfeR & forg uRka
I”A @ forg R gomell § SJoary uRads &1 |AEe fBar S anf?y | g wROHA
TR IRTAT & IR H T SIRTwdd] A I A2y difds dAFT g9 a1 RT=1erl
SEEASINE LRI CEN I I c Cr CR

STy uRadd Ta TR SR Aol FaR 2, 9 dad das dganT & A
A & fhar S whar 21 URE aEsiar, TdaReig Soll, BT IoaoiT H FHHI, a9 A=E
IR Ay el STl Sl df¥aes ARl &1 ] &%+ 9 STelary uRRkadd & JW1al &l
B fhaT ST Gl | Belifdh, s9d forv | 29N 3R el B TP HH HRAT B
3R &R ANRS Bl A1 SR R & Raars JAari 3 9RIERT &A1 811 |

7. STy URad &R onfdfe faama

STeldry YR Bl Hdel YATaRe TR &1 81, dfed seiegaver iR |l T8-1 J491d gl
2| Searg URadd & HRUT B dlell e, S b 918, @, IR 9 wR W gfg,
AN anfe fafaffal o1 gwifda axal € 1 e gfedor I Seary aRddd @
TS U8 AAd T [ I8 D fadN, I, AR IR fa<ia gonferal &1 ywifad
IRAT & 3R g9 I & forg gar onfdfe Nt e o wandt €| Sterarg uRacd=
ey wu & feraefa <o #§ afde g9 srerar 8, o dar Aifta g €1 Searg
gRATT & BRI BN, ST FEEE, AR ARG S W 9@ 981 A 9 Q2 B TS
@ &R # B o AHdl & | Searyg uRads & 9a9 e g9E IRIg 3R R
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FERl TR USdl ©, S Ugel ¥ & &), Y R WRed qHmell 9 SEl I8 8 g |
SO ARG 3R onfefh SRIATT ¢ Hdhdl 2 |

8. STIary URacd Sk WIRd

aRade & URUE WU YR & [3ATerd &5 § TWlRRR doll & e e
g 21 e Afeal &1 yars gferd 8 el € | T-g8iyd & ¥ 916 &l digal ¥ gy
g% o ST WRA H 9gE BT Ol WR 9ed 9 W% dl &Fl # UFl R @ © | o
Tl B AN DI FHAT IA Bl @ 3| PY B &F H Foarg uRddd & IR W
A AMRET iR i g M 2| B ¥ uata auf Bkl §, a7 fhdl 9¥ 9gd #H
A gl Bl 2| R Rl Bl srcHse] 93 R 8| WRey & e o
gRads & YR ¥W[HU B WP $H W 9¢ &1 8 aAT oo ofid 91 § gfg g8 T
Ig oe wiw # 980 98 @R @& ©U H A9 oifgd & AMH SURed 8 Wahdl B |
Serarg uRade @l b b oIy ART WRBR & gRT 3D ATl &I Farer fbar i
BT 2 | oI ararra @ &5 | goifded arg-l bl 9emar a1 ST 8T 81 Sl @ &9 § IR
Holl BT Ferar fear S |7 2| TRl U B &F H Iooiael A9 AT, ST Sigd s
ATSTHT, T8 ARG AT, A ARG ATor1, f2arer aiRReifred! HRefor AT, T HReor
ST 3N & gRT STefarg URadd @ Y91 Pl B BRI b1 9414 [bar 1 81 & | 9Rd
AR 7 IE TR R Sdqryg R & Fag H BRI Ao ar] f6ar & | 99 &R W
= I & gRT I BRI AT Feford &1 S JE 2 | s Sieary uRkeadd &
gRoTH oY TATERT & BIHRS J¥1E | 91 Sff 9 |

9. T T g

o JIM—TPBRNI Ul 3 FagHe = (IPCC) (2023) Sietarg URdad= 2023: U,
3gdH 3R Hageierar R RUiE, dftgst JFaRicT u9, https://www pcc.ch

o A TA. (2007), STeary uRad= &1 refemes: we RuE, dfss gaRic o4 |

o RSERH SY Sl (2019) TTAdR URGH: 3R & foly Haled K, MRE
SHMiHS RS 109(6), 1991—2014.

e <Cfd, AR TH. Il (2018) STy aRadd & oY uvE, Reg & grarRTHed
gHMIMRT U8 difersdl, 12(1 ) 425

o fIg 9% (2022) Tty uRadH 3R fderd: Ue afRasw gfedvr, fIvg d& g
https://www-worldbank--org

o TEIW, U (2021) Sig fAfderdr o1 srieme, @l Rurd waud ¢oN, @ |

o J¥e WEAN 3R fd®@™d Hred (OECD) (2020), Sotary fad ik anfdfa gfe:
el sefagavare & forg <Aifomra ufafshan |

e I, UH, 3R FAR, 3R (2020) Tt yRac IR fawraeie qel ©) s aMfde
YHTd, STHel 3% UIdRIRTHCH ShIHIHaT Tiferil 9(4) 315—330 |

o URA & IS AIeoT 2020—21, STy URTcH 3R Aad e W e, faw
AT, YRT WRPR, T3 faooll |

o AMa f@mm RUIE 2021—22, AfR=d w7, ReRr Siaw—uRafia srit gfar #
TART 9(ds, |Y<H I [dbr HRiH (UNDP) HIwh I HIToH
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ARG ST URORT H qI1aR0T 60T 3R | 1 S
I FAR T
i1 7ot Tl erga T Helfdeerd |91 (de1s) Riem—drR #ovo

Email: vineet.gooru@gmail.com
AR
IRAT &9 WORT H Yl & Ui e Assiikicd iR EREU &1 IqEROM Ui
il I bR AYFeh AT el b fe@rs <l 8| Faamide qaiarRoiiy e
& T H URIRS Ufeiie faveryor ok qatarefir sreied SMl &1 e wew@yel B |
3 Y U H URURD Tl & ITA—T1Y THRIGIT SfaeRIeR IR TAiaRodifeal & bt
o gdw™ ggtaRor Iar B WORT o a)E foen < gadl 2|

o gglar:
TId I U favy Gdfda At favemer & smuR R O9R faar w4 7

T BT S

(1) IRA 9 WORT § 9ITaR0T &1 JAERON DI AHASHT |

(2) afe®w Sufwe &R IR e & qafeRoy faRt &1 fawelyor & |
)

)

(3) MR g el § AR ReTOT Bl ARG WUl B UgdA HRAT |
(4) M wHTaRof AifAl § URURS ARG e T &1 UrRedr IR =R &= |

(1) IR SI9 WRORT H GITaROT &) [GERT:

AR &3 ¥ grele & Idfcd U HEMdI-Yedl, o, JARFEg SR 3MMHer A
A TS 2| 59 @l BT qadl BT Wwy AT TAT B | ATAdE H By AT 5

“HIAT YA GAISE gierear”

i gedl AR AT & 3R BH SWd F © | 39 gIedlvl F A% 3R Ypid & &r& dam
3R A BT A Ied fhar, Ry QT &1 STE WReT0T & AT Ia g8 |
(2) Ift® wie # TafaReig fRidw:

FiIg # g, a1, 9T AR M UIgfad Tl B STREAT B T8 T

Iqde H FHET T -

“ga: gedl: H AR
i gedl BRI AT & WA ©, SHBT Qlgd Fel Ul HRAT dMeq | qddg H qgiarol
<ide 2 il & HRevT BT Ioord fHedr B

g ad T
3T B9 gell & W (i) BT UOTH PRI © | 59 dicd HAl H W Bl & [P urEH
ART H IITEROT HREVT g1 Hoded & 9 H ol STl AT |
el F gafaeeiiy ge:

SUMYE] = Ul DI g% BT w9 AMT & | SAMFYE” H BT AT 8 AUl o o
IR B I 2| 39 SRCHI W UG BT AN 78] dfedh TR IMMaeIH & | uHve &
I faR smgfe SH—RaRgerferd! &1 SR | Aot @rar 2|
RV 3R Ad WORmsil d iR e
RO H geli, AR, udal iR IY—uleri BT <aged AMT AT 2| 9c, Uud, M, Jerdl
B golT 3T A JITaRoi Agerd @ fIem # IRTe™ &l 8 74 ud S— ¢ T S9N,
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THET Wl Snfe Al & WReAT FT @l Id g | 99 Herwd, WAt a1, I gor o
HAEHR WY UGy FRevr & SfT 7|
aﬁ?a’aﬂ”\fﬁ:rqfﬁraﬁw

dig o9 ® fEr dad AT do AT T8 dfer T SNal db Belt g 21 oA
T BT AT IR Sia T BT RIgla TafaRer ERefoT § 984 Jecd &l © |

(3) YR ofaw deft d qataRvfig s=RvT:

IR Sfiae el # Ager iR How &1 fa9y e &7 2 | Sied, o7, T Soll &l
ST STNT | ITRT STa ToTell ST A1 AR 0R SMemRa off | ag I 3iR Jigdg
S fae T ol ggfeRer e R SRR 81 39 YR 9RAIY URURT H qYaRoT dael
&1 fawa =72, Sfad &1 <aeiRe 9@ & 2|

(4) Qﬁfgrﬁraﬁ A IS SfERI®RI &1 IFTeaE:
IMIIRYT I4T:

WW#W@?WWW T FaRAT AR HYS Sia
WWWW?WWIW@W&WHH@WW%%WWW
anfefep HR=TIRIT 3R By SMemRa Sitas ell 1 e uiRRerfeed dAge &1 gifad fear
3R fope1 Rerferdl # Gl &1 Afdd QI8 g3l | S FAHBIel AMINTD 3Mfd fazeiyor
U URURS Feerali & qaiaRoiy sl § anrer Herdr 2|
ERLI I ICE

XBF BOd 7 YR & URRAE s’ &) o fHar 2 | S9a Jurfed iR forg
Y Tl H A iR, Y & e iR Sieary iR gRadal &1 Ufeiie
faeetyor AT &1 SRWM 89 BT GRCHIV g WL PRl © (&b Uldslad Ufham iR
TATEROT Uh TERX DI YAIAT &R & Sl MY wafaRey N & foy Yfieiie @9 uam
HAT B |
AT TR

RIfE omR F 9&dF IR & URTeie uRgwd &1 fawga oemee far § ek
B RAMfdd AT iaR dR$I o9 Afedl & 98@ 4 uRad a1 Y ggfodl &
JAT & AT U I SIehy <@l 2 | S0 UTeiRie IRAN 39 919 IR YHIeT STofdl
g o waiarviiy 9earma fha drg amfTe 3R anfeie Gamreil &l gaifad &) dad o |

TR o N sfemeRl & o URIRE T=f & favavor &1 Ufoeifie iR
IERE Fed <d g1 9 I8 9HsH ¥ werdr el § 6 59 YR WORETa Sfiaq
gl SR gemate ol A9 gde| &l gerfad dRar o |

s T Yo T i
IRelel g0 . . N

Jg fouel oncles H UgE Jael H 9 e © RTeie gel @ e 2 &l
qIRRefd®! & GRefor & o Aus o9 IAMAIE Farar | ! Sfieiad | R IRuRTRAl
IR HEE AMIIG FRARI Bl IR I91H: Jeli & &l Bl oI Ifalad H 9aal |
g1 frar:

Ig Sig fafdudr, 95 |4 =m0 Luw Re Bt 3R fFaM & ORI o= Afsa &
2| s Elfe Y & fIwg ma ok & iR o S N & vt § B fHar
=
CIEGESUEIS]

IIfeT AT & wAiaRYT QiR fadrd & /g & Heel wR Aifa smenRa Y vd 5+
STRTRAd T BT BTH fhaT |

p
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ATferH Sreft:
IE U YR UeNfdg iR Urapicre Sfas & STHl Jfad o | S &Rl o 9IRd
ﬁq&ﬁwmaﬁ?waﬁmwﬁﬁvﬁmﬁwﬁﬂﬁml

WRT 3R g AT &1 Hare:

T8l Jddlela oTffe |ikplid ATl (96T gol, &l gol g SAfgar anfe) |
WM TR R ORI HT Uh AMEING IR IR fhar a8t siemrfiexor, iufafre
Al &R g anfefe <amdl 1 97 URURS FeRersii &I gAkdl ol | sias™eRl &
fageryor & 5 I8 wHsH ¥ 9edr e § P few v amifoe @ik enfdfe gaamai A
TYTaROT R YT STAT | A1 &) Il 31gie, 3 UgHes IFaHdU FHeT el o
FABICE IR0 il H WORETA 3R SMIe SFi fedlor &I Sred gy Aifaa
TR ) fed—— 9 99 $els W dh, TSR UM BT IR0 AR IR Ja1d BT
rdife fawel |

fr=pu:

9 UHR $HBl off G&hdl © b IRA™ G WORT o 9AfeR0l ®I dddl GqmE el
gfess da= dcd AT | dfdd ROAT A AR MYFd Fdl I T 7 AFg SR Udfa &
AR BT Aol AT | 37ToT awgsdal & b 89 39 URURSD o Bl eff~iep frem ifd
3R Sfiad el # Ffed oy d1fs gedl &1 e iR Aa wwiar a1 Rerar gHR@a &
& | o8 gfoemaRl & 1 g Ufeie ded ¥ w9e <9 ® ad wafefael &
AIGSAd BRI 77 URORTSA BT Jened # ggord 2 |

Fdg, Agfda, Adde I~ Fad |
MUY, HUfEg |

HEMRA 3R ATTad YRIT |

gfisd STaTeNeldl Je%— fSwhasl ifh sfear|
P <q fgad— RO iR g9+ |
IRIA — 3OSIT TSI9E U Shlcirol |
AR ¥MI— SHae iR T g &1 |

SBIH BEE— HEd 3R TITART |

AT omR— o A= gaa |

10. Jax Tl g0T— fRIuep! Jigled R o |
11, deA1 Rrar— S fafdgdr w® o |

12. AT 3Tell— g 3R gell GRefor § IR |

@@NP’S”PP’N.—‘?*
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