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FOREWORD

Dr. Sobhan Niyogi
Associate Professor and Officer in Charge
Krishnagar Government College

.If gives me 1immense pleasure to announce that volume XII of Conscientia,

the academic journal of Krishnagar Government College 1is being published.
Over the past 176 years- ever since the days of the East India Company rule
to the present, this college has uninterruptedly carried forward the Llegacy
of quality education in India. Today about 3,500 students enjoy the privilege
of using and sharing the same abode of Learning that greats such as D.L.Roy,
Umesh Dutta, Jadunath Mukherjee, Jadunath Bhattacharjee, Lalit Kumar
Banerjee, Satish Chandra Dey and a host of others have used 1in bygone
decades. Teachers deliver lectures from the podium which had once been used
by stalwarts Like Pandit Madan Mohan Tarkalankar, Babu Ramtanu Lahiri, Suresh
Chandra Sengupta and many other names remembered with reverence. I personally
feel honoured at obtaining the opportunity to further promote the excellence
of this heritage 1institution, which has witnessed more than 76 eminent
Principals (like Roy Bahadur Jyoti Bhusan Bhaduri, Satish Chandra Dey, J.M.
Sen and several others) over the course of 1its 176-year old history thus
far. In less than the Llast ten years this College has secured “A” grade
twice in NAAC evaluation and very recently the University of Kalyani has
declared this College as the “Best Performing College” of Nadia District.
The faculty members of the College have been contributing significantly 1in
academic research through regular publications at various Llevels.

Conscientia, the 1interdisciplinary journal of research findings
Launched by our College in 2011 strives to publish high quality articles,
since the time of 1its 1inception. This journal 1is an 1interdisciplinary and
multilingual publication and articles include scientific research findings,
socially relevant issues as well as literary contributions from the various
Humanities Departments. This volume 1s expected to evoke 1interest among
myriad groups of readers, who will hopefully find the articles academically
enriching and stimulants for intellectual discourse.

I wish to thank all the contributors from various Higher Educational
Institutions for their submissions, the Editorial Board Members from our
College, the Advisory Board Members from various well known Universities and
Institutes of West Bengal and India for their active role for the publication
of this particular volume.

Conscientia, December 2023 Vol. XII

-
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Wetlands and Ramsar Sites in India with special reference to West Bengal:

From Crisis to Cure

Hemen Biswas*

ABSTRACT
Wetlands are defined as areas of marsh, fen, peat land or water, whether natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the
depth of which at low tide does not exceed six meters (As per article 1.1 of Ramsar Convention). In
addition, it may incorporate riparian and coastal zones adjacent to the wetlands and islands or bodies of
marine water deeper than six meters low tide lying within the wetlands (As per article 2.1 of Ramsar
Conversation). This article includes some serious findings like importance of wetlands in ecosystem
services, perspectives of Ramsar Convention and its membership along with its global commitments. This
article also contributes to the understanding on international cooperation of wetland conservation as well

as galvanising the consolidated idea on Ramsar Sites of West Bengal.

Keywords: Wetlands, marsh, fen, peat, fresh, brackish, salt, riparian, coastal, islands, ecosystem services

Introduction

Wetlands are among the world’s most productive environments. They are the cradles of biological
diversity, providing water and the primary productivity, upon which countless species of plants and
animals depend for survival. They support high concentrations of birds, mammals, reptiles, amphibians,
fish and invertebrate species. Of the 20,000 species of the fish in the world, more than 40% live in fresh
water. Wetlands are also important storehouses of plant genetic material. Rice, for example which is a

common wetland plant, is the staple diet of more than half of the human race.

Wetland Values
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The interactions of physical, biological and chemical components of a wetland such as soil, water,
plants and animals enable the wetland to perform many vital functions, for example: water storage; storm
protection and flood mitigation; shoreline stablisation and erosion control; groundwater recharge (the
movement of water from the wetland down into the underground aquifer); groundwater discharge (the
movement of water upward to become surface water in a wetland); water purification through retention of

nutrients, sediments and stabilisation of local climate conditions; particularly rainfall and temperature.

Traditionally, wetlands were considered as wastelands that bred mosquitoes. They were drained
and developed for agriculture, fish farming and habitations. Now, their value as providers of ecosystem
services is being realised. Final ecosystem services are components of nature, directly enjoyed, consumed,

or used to yield human well-being (Boyd et al, 2007).

Wetlands are land surfaces covered or saturated with water for a part or whole of the year. They
are shallow systems with black and reach sediments and abundant nutrients. They have vegetation adapted

to thrive in saturated conditions.

Wetlands control flooding by holding excess water and realizing slowly. They help in recharging
groundwater and in purifying water by trapping and holding pollutants in the soil. They are the major
breeding, nesting, foraging and migration staging areas for many birds. Lot of wetlands in Gujarat and

Bharatpur are the first stop for most of the migratory birds (Agarwal, 2011).

Wetlands add moisture to the atmosphere, which could fall back as rain. They can even be used as

sewage treatment plants that require little technology, investment and maintenance.

Wetlands provide tremendous economic benefits, for example: water supply (quantity and
quality); fisheries (over two thirds of the worlds fish harvest is linked to the health of coastal and inland
wetland areas); agriculture through the maintenance of water tables and nutrient retention in floodplains;
timber production; energy resources such as peat and plant matter; wildlife resources; transport; and

recreation and tourism opportunities.

In addition, wetlands have special attributes as part of the cultural heritage of humanity. They are
related to religious and cosmological beliefs, constitute a source of aesthetic inspiration, provide wildlife

sanctuaries, and form the basis of important local traditions.

These functions, values and attributes can only be maintained if the ecological processes of

wetlands are allowed to continue functioning. Unfortunately, in spite of important progress made in recent
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decades, wetlands continue to be among the world’s most threatened ecosystems, owing mainly to

ongoing drainage, conversion, pollution, and over exploitation of their resources.

Wetlands, or the lack thereof, were a significant factor in the severe flooding in the Upper
Mississippi and Missouri River Basins in the summer of 1993 (Parrett and others, 1993). Damages
associated with the flooding were undoubtedly worse than they would have been if flood-plain wetlands
had still been in place. Human modification of the original wetlands (a common practice in the early part

of this century) had destroyed the ability of the wetlands to modify flooding.
The Ramsar Convention

The Convention on Wetlands is an intergovernmental treaty adopted on February 2, 1971 in the
Iranian city of Ramsar on the southern shore of the Caspian Sea. Thus, the Convention is popularly known
as “Ramsar Convention”. Ramsar is the first of the modern global inter-governmental treaties on
conservation and wise use of natural resources. The official name of the treaty is The Convention of
Wetlands of International Importance especially as Waterfowl Habitat and reflects its original emphasis
on the conservation and wise-use of wetlands primarily to provide habitat for water birds. Over the years,
however the convention has broadened its scope to recognising wetlands as ecosystems that are extremely
important for biodiversity conservation in general and for the well being of human communities. There are
at present 172 contracting parties to the Convention, with 1,674 wetland sites, totaling 150 million

hectares, designated for inclusion in the Ramsar List of Wetlands of International Importance.
Membership in the Ramsar Convention

e Entails an endorsement of the principles that the Convention represents, facilitating the
development at national level of policies and actions, including legislation that helps nations to
make the best possible use of their wetland resources in their quest for sustainable development.

e Presents an opportunity for a country to make its voice heard in the principal intergovernmental
forum on the conservation and wise use of wetlands.

e Brings increased publicity and prestige for the wetlands designated for the List of Wetlands of
International importance, and hence increased possibly of support for conservation and wise use
of the measures.

e Brings access to the latest information and advice on application of the Convention’s

internationally accepted standards such as criteria for identifying wetlands of international
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importance, guidelines on application of the wise use concept, and guidelines on management
planning in wetlands.

e Brings access to expert advice on national and site—related problems of wetland conservation and
management through contacts with Ramsar Bureau personnel and consultants and through
application of the Ramsar Advisory Mission mechanism when appropriate.

e Encourages international cooperation on wetland issues and brings the possibility of support for
wetland projects, either through the Conventions own small Grants Fund or through the
Conventions contacts with agencies.

The Commitments of Contracting Parties Joining the Ramsar Convention

When countries join the convention, they are enlisting in an international effort to ensure the
conservation and wise use of wetlands. The treaty includes four main commitments that the contracting

parties have agreed to by joining.
1. Listed Sites

They have to designate at least one wetland for inclusion in the List of Wetlands of International
importance (the “Ramsar List”) and to promote its conservation, including, where appropriate, its wise
use. Selection for the Ramsar List should be based on the wetland’s significance in terms of ecology,

botany, zoology, limnology, or hydrology.
2. Wise Use

They have to include wetland conservations in their national land use planning and to formulate
and implement this planning and to formulate and implement this planning for, “the use of wetlands in
their territory”, which has been interrupted as being synonymous with “sustainable use”. The wise use of

wetlands includes:

e Water allocation, and river basin management, including establishing national wetland
policies and plans;

e Reviewing and harmonising the framework of laws and financial instruments affecting
wetlands;

e Undertaking inventory and assessment;

e Integrating wetlands into the sustainable development process;

e Ensuring public participation in wetland management and the maintenance of cultural values

by local communities and indigenous people;

11
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e Promoting communication, education and public awareness;

e Increasing private sector involvement; and

e Harmonising implementation of the Ramsar Convention with other multilateral environmental
agreements;

3. Reserves and Training

They have to establish nature reserves in wetlands, and to promote training in the fields of

wetland research, management and protection.
4. International Cooperation

Contracting parties have also agreed to consult with others, especially in regard to Tran frontier

wetlands, shared water systems, and shared spaces.
Criteria for Identification of Wetlands
A wetland should be considered internationally important if it:

Criterion 1: Contains a representative, rare, or unique example of a natural or near natural wetland type

found within the appropriate biogeographic region.

Criterion 2: Supports vulnerable, endangered or critically endangered or critically endangered species or

threatened ecological communities.

Criterion 3: Supports populations of plant and/or animal species important for maintaining the biological

diversity of a particular biogeographic region.

Criterion 4: Supports plant and/or animal species at a critical stage in their life cycles, or provides refuge

during adverse conditions.
Criterion 5: Regularly supports 20,000 or more water birds.

Criterion 6: Regularly supports 1% of the individuals in a population of one species or subspecies of

water bird.

Criterion 7: Supports a significant proportion of indigenous fish subspecies, species or families, life—
history stages, species interactions and/or populations that are representative of wetland benefits and/or

wetland benefits and/or values and thereby contributes to global biological diversity.

12
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Criterion 8: It is an important source of food for fishes, spawning ground, nursery and/or migration path,

on which fish stocks, either within the wetland or elsewhere, depend.
The Ramsar Sites in India

India became a contracting party to the Ramsar Convention in 1981. On February 2, 2006, the
World Wetland Day, India has designated six new wetlands to the Ramsar Convention on wetlands list of
international importance, viz., Hokera Wetland and Surinsar-Mansur lakes in the northwestern Himalayan
province of Jammu and Kashmir; Chandertal Wetland and Renuka in Himachal Pradesh; Rudrasagar Lake
in the northeastern state of Tripura; and Upper Ganga River in Uttar Pradesh. The designations bring the
number of Ramsar sites in India to 75. The current list of Ramsar sites in India only represent a fraction of
the diversity of wetland habitats existing in the country. There is, therefore, still a need for identifying
additional wetlands for listing under the Ramsar Convention, and for selecting these from the under-
represented wetland categories in the country and managing the designated sites along the Ramsar

guidelines.

India added five more Ramsar sites to its portfolio ahead of this year’s World Wetlands Day on
February 2, 2024 taking its total tally to 80 from the existing 75. The newly declared sites include
Karaivetti Bird Sanctuary and Longwood Shola Reserve Forest in Tamil Nadu, and Magadi Kere
Conservation Reserve, Ankasamudra Bird Conservation Reserve and Aghanashini Estuary in Karnataka.
The Ramsar tag bestows these ecosystems with international recognition, gives them access to

international management practices and increases the possibility for international funding.
Challenges Faced by Wetlands in India/West Bengal

Many of the wetlands in our country and state as well are subject to anthropogenic pressures and
environmental challenges, including land use changes in the catchment; pollution from industry and
households; encroachments; tourism; and over exploitation of their natural resources. Loss in wetland area
results in adverse impact on the key functions (ecosystem goods and services) performed by wetlands
(Zedler and Kercher, 2005). Worldwide, the main causes of wetland loss have been: urbanization; land use
changes; drainage to agricultural use; infrastructure development; pollution from industrial

effluent and agricultural runoff; climate change and variability.

Urbanization exerts significant influences on the structure and function of wetlands, mainly
through modifying the hydrological and sedimentation regimes, and the dynamics of nutrients

and chemical pollutants. Impact of urbanization is equally alarming on natural water bodies in the cities. A
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study found that out of 629 water bodies identified in the National Capital Territory (NCT) of Delhi, as

many as 232 cannot be revived on account of large scale encroachments.

As a result of intensification of agricultural activities over the past four decades, fertilizer
consumption in India has increased from about 2.8 million tonne in 1973-1974 to 28.3 million tonne in
2010-2011 (Data Source: Indiastat). As per estimates, 10—15% of the nutrients added to the soils through
fertilizers eventually find their way to the surface water system (Indian Institute of Technology, 2011).

High nutrient contents stimulate algal growth, leading to eutrophication of surface water bodies.

The challenges made by global climate change are expected to become an important driver of loss
and change in wetland ecosystem (MEA, 2005, UNESCO, 2007). These findings are important for Indian
subcontinent where the mean atmospheric temperature and frequency of occurrence of intense rainfall
events has increased, while the number of rainy days and total annual amount of precipitation have
decreased due to increase in the concentration of greenhouse gases such as CO,, CHs and N>O in the

atmosphere (Bates et al., 2008).
Role of the Ramsar Convention in Addressing Challenges in Global and Indian Contexts

The progenitors of Ramsar Convention were far-sighted in phrasing wise use as the central tenet
for wetlands management. Coined prior to Stockholm Conference, this was a philosophy that marked a
novel framing of human-nature interdependency as the basis of delivering conservation as well as

sustainable development outcomes.

In the 1960s and 1970s, when the Convention took shape, concerns related to wetlands were
centered on decline on species. The Anthropocene, however, has engendered notions of increased

connectivity and coupling between individuals, societies and environmental change.

Managing wetlands in this era of rapid human-mediated transformation requires analytical
approaches, which consider integrated systems of human and nature as a unit of analysis, overcoming the

human-nature dualism which has underpinned conservation approaches in global scenario so far.

The predominant ecological construct of wise use today results in a partial view based on
stationarity, but this needs to be updated, building on multiple values on a worldview perspective that
defines human-wetlands linkages. The full scales of values, from intrinsic, instrumental to relational, from

diverse epistemologies, from indigenous to western, needs to be embraced in the framing of wise use.
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The most critical challenge for wetlands now and into future is to enable governance
transformations in a world where wetlands change in an uncertain environment will be the norm, and

surprise rather than predictability will face wetlands managers.

In India, the key characteristics of wetlands governance that are likely to be suited in such
complex polycentric contexts are being: interactive (consciously interacting with decision-making centers
to define as well as realize wetlands wise use goals); reflective (reassessing management practices and
adjusting governance mechanism enabled by continuous learning); reflexivity (by calling into question the
governance foundations and envisioning alternatives and shaping the foundations) and inclusion
(supported by democratic institutions, participation and policy coherence). There are other significant

roles of joining the Ramsar Convention.

» Elevates the importance of the site at the international level

*  Encourages international cooperation

*  Brings access to expert advice and latest information

*  Provides an opportunity for learning the best global practices for wise use of wetlands

*  Opportunity for getting international guidelines on various wetland conservation themes

* Represents a contribution to global environment protection and maintenance of global
biodiversity

The Ramsar Sites in West Bengal
1. The East Kolkata Wetlands (EKW)

The wetlands to the east of Kolkata are well known over the world for their multiple uses. The
resource recovery systems, developed by the local people through ages using wastewater from the city, are
the largest in the world. In the process, it treats the wastewater and has saved the city of Kolkata from
constructing and maintaining a wastewater treatment plant. Kolkata is the only metropolitan city in the
world where the state government has introduced development controls to conserve the water bodies. The
wetland is largely human made, comprising inter-tidal marshes, salt meadows with significant waste water
treatment areas like sewage farms, setting ponds oxidation basins, the East Kolkata Wetlands has been
designated as a Ramsar site in November 2002. The East Kolkata Wetlands is a perfect example of wise-
use wetland ecosystem where usage of city sewerage for traditional practices of fisheries and agriculture is
practiced. The wetland ecosystem is one of the rare examples of combination of environmental protection
and development management where the local farmers have adopted a complex ecological process by

mastering the resource recovery activities. It is the largest ensemble of sewage fed fishponds in the world

15
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in one place. There are about 100 plant species which have been recorded in and around the East Kolkata
Wetlands. These include giant arrowhead (Sagittaria montividensis), water trumpet (Cryptocoryne
ciliate), flatsedges (Cyperus spp.), golden leather fern (Acrostichum aureum), kangkong (Ipomoea
aquatic), etc. Amongst the rare mammals marsh mongoose (Herpestes palustris) and small Indian
mongoose (H. auropunctatus), common palm civet (Paradoxurus hemaphroditus) and small Indian civet
(Viverricula indica) are significant in and around the East Kolkata Wetlands area. About 20 mammals are
reported from this region. Threatened reptiles like Indian mud turtle (Kinosternon chitra) are also reported
occasionally from the adjacent locality. Presently, more than 40 bird species comprising of both local and
migratory types are reported to visit these cluster of wetlands. Among these little grebe (Tachybaptus
ruficollis), common coot (Fulica atra), darter (Anhinga rufa), Indian shag (Phalacrocorax fuscicollis),
little cormorant (P. niger), teals (4Anas crecca), little egret (Egretta garzetta), bronze-winged jacana
(Metopidius indicus), white-breasted waterhen (Amaurornis phoenicurus) and white-throated kingfisher

(Halcyon smyrnensis) are significant.

1.1 Key Management Strategies in addressing successful conservation initiatives and facing ongoing
challenges of the EKW

e Management zoning identifying entire wetland area as core zone and direct basin as buffer zone

e Establishing hierarchical and multiscalar inventory of hydrological, ecological, socioeconomic
and institutional features to support management planning and decision making

e Ensuring hydrological connectivity of EKW with freshwater and coastal processes at basin level

e Regulating industrial effluent discharge as per Central Pollution Control Board’s standards

e Environmental flows as basis for water allocation for conservation and developmental activities

e Biodiversity conservation through habitat improvement of endangered and indigenous species

e Ecotourism development for enhancing awareness, income generation and livelihood
diversification

e Poverty reduction through sustainable resource development and utilization

e Formation of multistakeholder groups for planning, implementation and monitoring of
Management Action Plan

e Strengthening East Kolkata Wetland Management Authority with adequate legal and
administrative powers

e (Capacity building at all levels for technical and managerial skills

e Result oriented monitoring and evaluation activity, outcome and impact levels

16
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2. The Sundarbans Wetlands

The Sundarbans (Bangladesh and India), Mekong river delta (Vietnam), and southern Ontario
(Canada) are examples of major wetland complexes where the effects of climate change are evolving in
different ways (Erwin et al, 2009). The Sundarbans a UNESCO World Heritage Site is located at the
south eastern tip of the district of South 24 Parganas of West Bengal about 110 kilometers from Kolkata,
the capital of the state of West Bengal. It is named after one of the mangrove plants known as Sundari
(Heritiera littoralis) owing to the dominance of the tree species and the largest single block of tidal,
halophytic mangrove forests in the world. The Sundarban wetlands are located on the world’s largest
delta, formed by the mighty rivers Ganga, Brahmaputra and Meghna (CSE, 2012). Mangroves are able to
sequester approx 1.5 metric tonne of C/ha/year (Kathiresan et al, 2008; http://mangroveactionproject.org,

2017).

The Sundarbans spans a vast area covering 4264 sq. km in India alone. It is the largest tiger
reserve and national park of its kind, home to one of the India’s most iconic wildlife species-the Royal

Bengal Tiger.

Apart from being a unique mangrove ecosystem, the Sundarbans is also the world’s largest
estuarine forest criss-crossed by hundreds of creeks and tributaries, interconnected by a network of tidal

waterways, small islands of salt-tolerant mangrove forests and mudflats.

The wetlands of Sundarbans house a handful number of flora and fauna. Its marshy vegetation
consists of Sundari (Heritiera sp.), Garjan (Rhizophora sp.), Kankra (Bruguiera sp.), Goran (Ceriops sp.),
Baen (Avicennia sp.), Keora (Sonneratia sp.), Gengwa (Exoecaria sp.), Dhundul (Carapa sp.), Hental
(Phoenix sp.), Golpata palm (Nypa sp.), Kripa (Lumnitzera sp.), Passur (Xylocarpus sp.), Habli (Thespesia
sp.), Kulsi/Khalshi (degiceras sp.), the best honey maker and Jhau (Tamarix sp.). The ecosystem services
provided by mangroves are often ignored in the ongoing process of mangrove conversion (Badola et al,

2005).
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C. D.

Figure: A few glimpses of the Sundarbans Wetlands (A: Fruit of Golpata palm; B: Stilt roots of Garjan;

C: Little egrets; D: Estuarine/salt water crocodile) Photo credits: The author

Sundarbans, with its vast mangrove habitat and the massive water bodies provides excellent
habitat to a number of animals starting from the zooplanktons to the larger mammals like tiger and spotted
deer. Its faunal resources comprise the Bengal tiger (Panthera tigris, Endangered), fishing cat (Felis

viverrimus), wild boar (Sus scrofa), spotted deer (4xis axis), only non-human primate i. e. the Rhesus
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macaque monkey (Macaca mulatta), fulvous fruit bat (Rousettus leschenaultii), Asian small-clawed otter
(Aonyx cinereus), aquatic mammals include Gangetic dolphin (Platanista gangetica), Indo-Pacific hump-
backed dolphin (Sousa chinensis), Irrawaddy dolphin (Orcaella brevirostris), finless porpoise
(Neophocaena phocaenoides). Noteworthy resident avian species are Asian openbill stork (Anastomus
oscitans), white-collared kingfisher (Halcyon chloris), black-capped kingfisher (H. pileata), brown-
winged kingfisher (Pelargopsis amauroptera), lesser pied kingfisher (Ceryle rudis), little cormorant
(Phalacrocorax niger), great egret (Ardea alba), goliath heron (4. goliath), yellow bittern (Ixobrychus
sinensis), lesser adjutant (Leptoptilos javanicus), gadwall (Anas strepera), Brahminy kite (Haliastur
indus), lesser sand plover (Charadrius mongolus), whimbrel (Numenius phaeopus), terek sandpiper
(Xenus cinereus), black-headed gull (Larus ridibundus), common tern (Sterna hirundo), Oriental scops
owl (Otus sunia), Indian pitta (Pitta brachyuran), blue-winged pitta (P. moluccaensis), purple sunbird
(Nectarinia asiatica), Asian green bee-eater (Merops orientalis), chestnut-headed bee-cater (M.
leschenaultia), blue-tailed bee-eater (M. philippinus), lesser whistling duck (Dendrocygna javanica) and
palm swift (Cypsiurus parvus). The Sundarbans is also a habitat of a large number of herpeto fauna
including river terrapin (Batagur baska), olive Ridley turtle (Lepidochelys olivacea), estuarine/salt water
crocodile (Crocodylus porosus), monitor lizard (Varanus flavescens), water monitor (V. salvator). The
creeks of the Sundarbans are spawning site for some 90 ichthyo fauna including blue-spotted mudskipper
(Boleophthalmus boddarti) and support a remarkable number of invertebrates like prawns (Penaeus
monodon), mud crab (Scylla serrata), fiddler crab (Uca spp.), horse-shoe crabs (Carcinoscorpius

rotundicauda), telescope snail (Telescopium telescopium), etc.

The region comprising 102 islands serves as a crucial protective barrier for the inhabitants in and

around Kolkata against the floods that result from cyclones which are regular occurrence in south Bengal.
Conclusion

The Ramsar Sites offer specific recommendations in the tremendous potential for future research
and demand immediate conservation actions for securing freshwater and marine aquatic biodiversity,
improving moisture regimes, replenishing aquifers and developing eco-tourism sites has remained grossly
under-tapped, and demands immediate attention. It is expected that adequate number of significant
wetlands will be identified in each of the States including West Bengal and Union Territories and will act
as catalytic factors in eliciting the required budgetary and non-budgetary support from State Governments
and other stakeholders. Further, majority of research on wetland management in India relates to the

limnological aspects and ecological/environmental economics of wetland management. But, the physical
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(such as hydrological and land use changes in the catchment) and socio-economic processes leading to

limnological changes have not been explored substantially (Garg et al, 1998).

It maybe proposed to implement a definite set of obligations on both the Central and State
Governments in terms of allocation of financial resources, trained and well-equipped manpower, robust
interface between researchers and managers, sound and systematic database, methodical monitoring,

conduct of insightful economic valuation studies, and independent and impartial evaluation processes.

It is desirable to formulate a combination of promotional and regulatory measures backed by
financial and administrative commitment will result in generation of optimal efforts in the direction of
conservation of the freshwater and marine aquatic entities of various types which are collectively known

as Wetlands.

So far, India has designated 75 wetlands sites as Ramsar Sites of International Importance. The
total area covered under the 75 sites is around 1,083,322 hectares. To facilitate the process of designating
new sites, the Ministry of Environment and Forests and WWF-India are making joint efforts to designate
more and more sites from this country as Ramsar sites. WWEF is helping the government in documentation
of selected sites and also cartographic help to make the maps as per designated Ramsar sites. This will
facilitate information on the designated sites for their conservation and management and can be used by

any user agency interested in wetland conservation programme.
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Construction of a novel ceRNA network and identification of IncRNAs
LINC-PINT regulator of miRNA and coding gene expressioning

lioblastoma cancer
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ABSTRACT
Temozolomide, an oral alkylating prodrug which delivers a methyl group to purine bases of DNA (O6-
guanine; N7-guanine and N3-adenine), is frequently used to gether with radiotherapy as part of the first-
line treatment of high-grade gliomas. The main advantages are its high oral bioavailability and small size
that confer the ability to cross the blood-brain barrier. Temozolomide in glioblastoma results in a median
patient survival of 14.6 months. Treatment failure has been associated with tumor drug resistance.
Therefore, novel strategies to overcome chemo resistance are desperately needed for improved treatment
of human GBM. Recent studies have demonstrated that long non-coding RNAs are closely related to
resistance to cancer chemotherapy. Long non-coding RNA (IncRNA) are molecules with lengths of 200 or
more nucleotides. Long non-coding RNAs (IncRNAs) are implicated as molecular mechanisms underlying

human genomic activity in various physiologic and pathophysiologic conditions such as cancers.

Keywords: Temozolomide resistance in glioblastoma, ncRNA, IncRNA, miRNA, transcription factor,

ceRNA-miRNA-transcription factor network

Introduction

Temozolomide, an oral alkylating prodrug which delivers a methyl group to purine bases of DNA(O6-
guanine; N7-guanine and N3-adenine), is frequently used to gether with radiotherapy as part of the first-
line treatment of high-grade gliomas [1, 2]. The main advantages are its high oralbioavailability (almost
100% although the concentration found in the cerebrospinal fluid was approximately 20% of the plasma
concentration of temozolomide), its lipophilic properties, and small sizethat confer the ability to cross the

blood-brain barrier [3]. Furthermore, this agent has demonstrated activity not only in brain tumors
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butalsoina variety of solid tumors. However, conventional therapy using surgery, radiation, and
temozolomide in glioblastoma results in a median patient survival of 14.6 months. Treatment failure has
been associated with tumor drug resistance. Temozolomide is an oral alkylating agent used to treat
glioblastoma multiforme (GBM) [4] and astrocytomas. However, at least 50% of temozolomide treated
patients do not respond to temozolomide [5, 6]. This is due primarily totheover-expression of O6-methyl
guanine methyl transferase (MGMT) and/or lack of a DNA repair pathway in GBM cells [7]. This
phenomenon has been linked to the expression of O6-methylguanine-DNA methyl transferase [8], but the
mismatch repair system and the presence of cancer stem-like cells in tumors have also been related to

temozolomide resistance.

Temozolomide is a prodrug and it is metabolized into the active molecule, MTIC (5-(3-methyltriazen-1-
yl) imidazole-4-carboxamide). Temozolomide is nonspecific cell cycle alkylating agent. As with
temozolomide, the expression of O6-methylguanine-DNA methyltransferase from MGMT reverses tumor
DNA damage. MGMT promoter methylation is the key mechanism of MGMT gene silencing and predicts
a favorable outcome in patients with glioblastoma who are exposed to alkylating agent chemotherapy [8].
An ovelenhancer, located between the promoters of Ki67 and O6-methylguanine-DNA-methyltransferase
(MGMT) genes, has been reported [9], is activated in temozolomide-resistant patient-derived xenograft
(PDX) lines as well as in recurrent tumor samples. Activation of the enhancer correlates with increased
MGMT expression, a major known mechanism for temozolomide resistance. The forced activation of the
enhancer in cell lines with low MGMT expression results in elevated MGMT expression. Deletion of this
enhancer in cell lineswith high MGMT expression leads to reduced levels of MGMT and Ki67, increased

temozolomide sensitivity and impaired proliferation [10].

While O6-methylguanine-DNA methyltransferase repair activity and uniquely resistant populations of
glioma stem cells are the most well-known contributors to temozolomide resistance, many other
molecular mechanisms have come to light in recent years. Key emerging mechanisms include the
involvement of other DNA repair systems, aberrant signaling pathways, autophagy, epigenetic

modifications, microRNAs, and extracellular vesicle production [11].

Chemotherapy is one of the fundamental methods of cancer treatment. However, drug resistance remains
the main cause of clinical treatment failure. The newly identified roles of long noncoding RNAs
(IncRNAs) in oncobiology that are associated with drug resistance have been reviewed [12]. The
expression of IncRNAs is tissue-specific and often dysregulated in human cancers. Accumulating
evidence suggests that IncRNAs are involved in chemoresistance of cancer cells in ovarian cancer [13],

gastric cancer [14] and non-small cell lung cancer [15]. The main IncRNA-driven mechanisms of
23
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chemoresistance include regulation of drug efflux, DNA damage repair, cell cycle, apoptosis, epithelial-
mesenchymal transition (EMT), induction of signaling pathways, and angiogenesis. LncRNA-driven
mechanisms of resistance to various antineoplastic agents have been studied extensively. There are unique
mechanisms of resistance against different types of drugs, and each mechanism may have more than one

contributing factor.

Recent studies have demonstrated that non-coding RNAs (ncRNAs), especially microRNAs and long
non-coding RNAs, are involved in drug resistance of tumor cells in many ways, such as modulation of
apoptosis, drug efflux and metabolism, epithelial-to-mesenchymal transition, DNA repair, and cell cycle
progression [16]. Exploring the relationships between ncRNAs and drug resistance will contribute to
understand the mechanisms of drug resistance [17]. Due to the high cost and low efficiency of biological
experimentation, many researchers have opted to use computational methods to identify ncRNA
biomarkers associated with drug resistance. In this study, the recent discoveries related to ncRNA-

mediated drug resistance in glioblastoma is highlighted by computational methods.

Non-coding RNAs (ncRNAs) are key regulators of many cellular processes, such as cell proliferation,
migration, apoptosis, angiogenesis, cell cycle progression and immune responses [18, 19]. Dysregulation
of ncRNAs is crucial for several complex diseases [20], including human cancers [21, 22]. Additionally,
ncRNAs, especially the most studied subsets, microRNAs (miRNAs) and long non-coding RNAs

(IncRNAs), are involved in the drug resistance mechanisms of tumor cells [23, 24].

Noncoding RNAs (ncRNAs), such as long noncoding RNAs (IncRNAs) and microRNAs(miRNAs),
function as key regulators of gene expression, their involvement in various humandiseases is being
gradually revealed, and the multilayered regulatory networks [25] formed by cross-linked ncRNAs and
mRNAs seemly provide new insights into their regulatory mechanism withregards to both physiology and
pathology. The competing endogenous RNAs (ceRNAs) havebeen suggested to be involved in essential
biological processes and play crucial roles in theinitiation and development of neoplasms [26, 27] and
they potentially serve as diagnostic and prognosismarkers or therapeutic targets. Cancer involves complex
etiology factors, multiple stages, andintricate gene mutations. Long non-coding RNAs (IncRNAs) are
implicated as molecularmechanisms underlying human genomic activity in various physiologic and
pathophysiologicconditions such as cancers [21]. Abnormally expressed IncRNAs can regulate miRNAs
by acting ascompeting endogenous RNA (ceRNA), indirectly inhibiting target genes and important
signalpathways and affecting cancer cell growth, metastasis, metabolism, and apoptosis [28].
MicroRNAs(miRNAs) is a class of small non-coding RNAs with lengths of 20—22 nucleotides and

containhighly conserved sequences. MiRNA can affect target gene expression at both transcriptionaland
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post-transcriptional levels and are involved in the occurrence and development of manytumours. ceRNA
networks are important for the interaction between IncRNA and miRNA.ceRNAs compete with miRNA
response elements (MREs) for the same miRNA, therebyregulating the expression of target gene
transcripts. In the regulatory mechanism of cancers, theinteractions between IncRNAs, miRNAs, and
mRNAs are extremely complex and collectivelyform a complex regulatory network [29]. The IncRNAs
that harbor a miRNA response elementcan compete with other RNA transcripts and thus theoretically
function as ceRNAs. A singlemiRNA can regulate multiple target RNAs that contain the specific miRNA
response  elementandtheseRNAs  canberegulated  bymultiplemiRNAs  laythefoundation  for
theconstructionofa ceRNA network. Actually, emerging evidence has revealed that ceRNA networks play

a crucial role in tumor development, including chemo-resistance [30, 31].

In this study, in the PubMed database with a list of keywords, such as ‘temozolomide resistance’, ‘drug
resistance in glioblastoma cancer’, ‘ceRNA’, ‘microRNA’, ‘IncRNA’, ‘long non-coding RNA’, it has
been searched to extract the knowledge about ncRNAs involved in temozolomide resistance glioblastoma
cancer. The IncRNAfor example, Long intragenic non-coding RNA p53-induced transcript (LINC-PINT)
has been identified as important ncRNA related to temozolomide resistance glioblastoma cancer [32],
[33]. Long intragenic non-coding RNA p53-induced transcript (LINC-PINT) is an IncRNA thatfunctions
as a tumor suppressor gene involved in various tumors and malignant activities. LINC-PINT is
downregulated in adenocarcinoma [34], renal carcinoma, non-small cell lung cancer [35],glioblastoma
[32], thyroid cancer, retinoblastoma, ovarian cancer, breast cancer, esophagealsquamous cell carcinoma,
osteosarcoma, gastric cancer [36], and pancreatic cancer. Furthermore, decreasedLINC-PINTexpression

predictspoor prognosisand advancedclinical tumor stages [35].

Functional annotation of IncRNAs in diseases attracts great attention in understanding their etiology.
Several web servers are available to researchers for systematic annotation of novel human IncRNAs such
as AnnoLnc [37], Link2 function [38], ncFANv2.0 [39], LncRRIsearch [40], IncRNAKB [41] and FGGA-
Incetc [42].

Methods: For analyzing the role of long intragenic non-coding RNA p53-induced transcript (LINC-

PINT) in temozolomide resistance glioblastoma cancer, several in-silico tools such as EVIncRNAs [43],

RNAfold webserver [44], NcFANs v2.0 database [45]and LncRRIsearch [46]are used.

A. Functional annotation of IncRNA LINC-PINT
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EVIncRNAs (https://www.sdklab-biophysics-dzu.net/EVLncRNAs3/#/)[43] is a comprehensive,
manually curated, high-quality and freely accessibleresource of integrated sequence, structure,
functional, and phenotypic information of experimentally validated long noncoding RNAs from all
species. For analyzing the function of long intragenic non-coding RNA p53-induced transcript (LINC-

PINT), this resource has been used.

B. Construction of ceRNA interaction network

Using NcFANs v2.0 database (http://ncfans.gene.ac/) [45], which is an updated and full-featured
platform for the functional annotation of noncoding RNAs (ncRNAs), a ceRNA interaction network for
the long intragenic non-coding RNA p53-induced transcript (LINC-PINT) has been constructed. By

using an analytical tool, ncFANs-NET ceRNA interaction network is created.

C. Prediction of IncRNA-mRNA interaction
LncRRIsearch [46], is a web server for comprehensive prediction of human and mouse IncRNA-IncRNA
and IncRNA-mRNA interaction. This IncRNA-mRNA interaction has been identified from ceRNA
interaction network considering LINC-PINT as hub ncRNA. The prediction is conducted using Rlblast,

which is a fast and accurate RNA-RNA interaction prediction tool.

Results: From EVIncRNAs database [43], the information about IncRNA LINC-PINT shows that this
ncRNA is present in Chromosome 7 and related with glioblastoma as shown in Table 1. It expression
pattern is down regulated. It is a peptide related CircRNA antisense RNA with length 87 amino acids.
Circular RNAs (circRNAs) are a large class of transcripts in the mammalian genome. The optimal
secondary structure of this IncRNA 1is generated from RNAfold webserver [44] with a minimum free

energy of -132.00 kcal/mol is given in Figure 1.

Table 1:Information from EVIncRNAs database about LINC-PINT IncRNA

Name Species | Related with diseases Interacts with

of miRNA/

IncRNA Transcription
factor
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LINC-
PINT

Homo

sapiens

heart failure / melanoma / chronic obstructive
pulmonary disease / retinoblastoma / hepatocellular
carcinoma / gastric cancer / hepatitis C / melanoma /
hepatocellular carcinoma / rheumatoid arthritis / non-
small cell lung cancer / gastric cancer / osteosarcoma /
esophageal squamous cell carcinoma / hepatocellular
carcinoma / asthma / colorectal cancer / ovarian cancer
/ osteosarcoma / lung cancer / hepatocellular carcinoma
/ thyroid cancer / colorectal cancer / pancreatic ductal
adenocarcinoma / type 2 diabetes mellitus / Parkinson's
disease / pemphigus foliaceus / non-small cell lung
cancer / hepatocellular carcinoma / colorectal cancer /
glioblastoma / cancer /

gastric hepatocellular

carcinoma / HCV related liver diseases

C/EBPB / EZH2 /
miR-155-5p / miR-
208a-3p / miR-
26a-5p / miR-29b-
1 / miR-374a-5p /
miR-425-5p / miR-
524-5p / miR-543 /
miR-654-3p /
PAF1c/PTCSC3/
SOX9 / ATGS /
DDX24 / FOXMI1
/ IRF7 / miR-21 /
miR-21 / miR-21 /
miR-22-3p / miR-
767-5p / SRPK2

Figure 1: The optimal secondary structure of IncRNA LINC-PINT.

This peptide directly interacts with polymerase associated factor complex (PAF1c) and inhibits the

transcriptional elongation of multiple oncogenes [33]. The expression of this peptide and its

corresponding circ RNA are decreased in glioblastoma compared with the levels in normal tissues. The

results establish the existence of peptidesen code dbycirc RNA sand demonstrates their potential

27




CONSCIENTIA ISSN: 2278-6554 Vol. Xl December 2023

functions in glioblastomatumorigenesis. The relationships between IncRNA LINC-PINT in different

diseases along with miRNAs are depicted in Figure 2.

‘ miR-208a-3p

Cancer . gastric cancer
. S .. colorectal cancer ‘ miR-543

‘ miR-155-5p
" PAFIc . non-small cell ancer
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rheumatoid arthritis

. ’ miR-29b-1
melanoma
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osteosarcoma
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Figure 2: Regulatory network of IncRNA LINC-PINT for different diseases.

This network (Figure 2) shows that E2H2 is the only transcription factor linked with IncRNA LINC-
PINT.EZH2 has been considered to be overexpressed in many cancer types and to be transcriptionally

regulated by oncogenic signaling to promote cancer cell proliferation and disease progression.

BRD4

[ 9 CDKS
[ ]
POLR2‘\ JUND.

Figure 3:ceRNA-miRNA-transcription factor network for LINC-PINT.
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For LncRNA LINC-PINT, four ceRNA (KCNJ9, HES2, METRN and POLR3H) and two hundred fifty-
five related miRNAs are identified from NCFANs-NET database [45] as shown in Table 2. Using the
same software for that IncRNA, five transcription factors namely CDK9, JUND, POLR2A, TAF3 and
BRD4 are recognized and enlisted in Table 3. A ceRNA-miRNA-Transcription factor network for
IncRNA LINC-PINT has been constructed and shown in Figure 3.

Table 2: List of interacting ceRNA, miRNA with IncRNA LINC-PINT

LncRN | ceRNA Gene | ceRNA ceRNA | LncRNA ceRNA Shared
A Nam

ID Transcript ID | Name miR_Num miR_Num miR Num
e
LINC- | ENSG00000162 | ENST000003 | KCNJ9 255 795 130
PINT 728 68088
LINC- | ENSG00000069 | ENST000003 | HES2 255 1003 151
PINT 812 77834
LINC- | ENSG00000103 | ENST000005 | METRN | 255 768 126
PINT 260 68223
LINC- | ENSG00000100 | ENST000003 | POLR3H | 255 978 157
PINT 413 96504

Table 3:List of interacting transcription factors with IncRNA LINC-PINT

LncRNA Name | TF Name | Cell line Cell_type Tissue | Data Accession
LINC-PINT BRD4 SUM159PT; Mammary Breast; | GSM2330580;
carcinoma cell;
MM1.S Blood; | GSM1070124,
B Lymphocyte;
LINC-PINT TAF3 None Epithelium; Colon; | GSM1065008;
LINC-PINT POLR2A | MM1.S B Lymphocyte; | Blood; | GSM1038278;
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LINC-PINT JUND SK-N-SH Neuroblastoma | Brain; GSM1010901;
cell;
LINC-PINT CDK9 HeLa Epithelium; Cervix; | GSM1494446;

Since the transcription factor JUND is expressed in brain, as shown in Table 3, and related with

neuroblastoma cell, so the interaction between IncRNA LINC-PINT and JUND has been elaborated by
LncRRIsearch we server (http://rtools.cbre.jp/LncRRIsearch/) [46].

LncRRIsearch web server (http://rtools.cbrec.jp/LncRRIsearch/index.cgi) [46] shows that
IncRNA LINC-PINT with Gene ID: ENSG00000231721, present in chromosome 7 (-) in location chr7(-

) 130944167 - 131110176 containing 3505 nt transcript length , binds with JUND with Gene
ID:ENSG00000130522 in chr19(-) 18279760 - 18281622 with 1863 nt length with base-pairing

interaction energies of -16.56 Kcal/mol ( as shown in Figure 4).

Interaction 1 (Energy = -16.56 kcal/maol)
ENSTOO2808451786 (369-462)
GAAGGEGATGEGACCAGAGAGALGEATGTGEAGEA
G AR R
ENSTO2200252818 (1781-1736)
TTCTCCGCCCCTTTCCTCGATCTCGCTCCCOCCTTC
1110+ - 11171111100

Figure 4: Interacting base pairing between IncRNA LINC-PINT and transcription factor JUND.

Discussion: Down regulated IncRNA LINC-PINT in glioblastoma can control several miRNAs by acting
as competing endogenous RNA (ceRNA). It can indirectly inhibit the expression of target gene PAF1C
(polymerase associated factor complex) [47]. This PAF1C gene product ultimately inhibits the
transcriptional elongation of multiple oncogenes e.g. PHF5A, SF3B6, SMD1, SMD2, SMD3, SMHDI,
UB2E1 and QS5JP53. These are small nuclear riboproteins and related with structural maintenance of
chromosome flexible hinge domain as well as ubiquitin conjugation.Furthermore, analyzing the ceRNA-
miRNA-Transcription factor network for IncRNA LINC-PINT, it can be concluded that the functions of

IncRNA are controlled by other ncRNAs and transcription factors. In regulatory mechanism of
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glioblastoma, the interactions between IncRNA LINC-PINT, four ceRNA (KCNJ9, HES2, METRN and
POLR3H) two hundred fifty-five miRNAs along with five transcription factors, collectively form a
complex regulatory network. Among the five transcription factors, JUND is the only transcription factor,
which is expressed in brain. This transcription factor is a proto-oncogene forming AP-1 transcription
factor subunit. After forming heterodimer with FOS protein, it can enhance their DNA binding activity as
transcriptional regulator. In brain, specifically its expression in white matter region controls various signal
transduction pathways via MAPK10 protein. During the discussion on the mechanisms of temozolomide
resistance in glioblastoma, Singh and coworkers [9] highlighted the role of dysregulation of specific
molecular pathways. For example, MAPK (Mitogen-activated protein kinase) signaling pathway has been
upregulated in 88% glioblastoma patients. Moreover, that in temozolomide resistance glioblastoma cell
lines, the accumulation of reactive oxygen species (ROS) leads to activation of MAPK/ERK signalling

pathway and stimulation of autophagy, which ultimately leads to chemi-resistance in cancer patients.

Inhibition of C-Jun N-terminal kinase (JNK) enhances temozolomide induced cytotoxicity in human
glioma cells [48]. INK being a component of MAPK pathway, is related with cell survival, oncogenesis,
growth, differentiation and cell death. After phosphorylation in signalling pathway, it activates different
transcriptional factors such as JUND. From the regulatory network the interaction of IncRNA LINC-PINT
and transcription factor JUND has been highlighted.
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Traditional knowledge of medicinal plants used in Dental Hygiene in Relling and

Pokhriabong area of Darjeeling District, West Bengal, India

Siddhant Sharma and Chandan Naskar*

ABSTRACT
The North Bengal Hilly regions of India are rich in multicultural diversity and are home to various ethno-
medicinal traditions. The purpose of this study is to document and analyze traditional knowledge on the
practice and utilization of plants in treating Dental health. It is an attempt to conserve the disappearing
wealth of knowledge. The key informants were identified in the pre-survey and collected information
through open-ended interviews. Collected data on age, location, the experience of the key informants,
practice, and disease treatment, method of diagnosis, storage, and use of plants were collected. The
identification of the plants and their information were verified through repeated guided transects in
different seasons with key informants and focussed group discussions. The study delves into the rich
tapestry of traditional knowledge pertaining to medicinal plants and their applications in dental hygiene
within the cultural contents of Relling and Pokhriabong. A total of forty plant species have been
documented for maintaining dental hygiene related ailments belonging to 29 families in the present study.
The findings reveal a profound interconnection between the community and the surrounding flora,
showcasing a different understanding of plant-based remedies for oral care. Local healers and community
members actively participate in the preservation and transmission of this traditional knowledge,
contributing to the cultural fabric of these regions. Through ethno botanical investigations and interviews
with local communities a comprehensive understanding of indigenous plant-based remedies. By
documenting and analysing the diverse applications of medicinal plants the study aims to contribute to the

preservation of cultural heritage.
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Introduction
Globally, around 2.4 billion people suffer from caries of the permanent teeth and 486 million children
suffer from caries of the primary teeth [1]. Most people don’t use pharmaceutical medicine. They still use

herbs for dental care.

Traditional knowledge of medicinal plants for dental hygiene has been passed down through generations,
offering natural remedies for oral care. Communities worldwide have relied on plants like neem, aloe vera
for their antimicrobial properties, helping to combat issues such as gum dieses and bad breath. Traditional
knowledge of medicinal plants used in dental hygiene is a rich and diverse field, encompassing the
wisdom passed down through generations in various cultures. Different societies have long relied on the
healing properties of plants to address oral health issues. For instance, neem in Ayurveda in traditional
Chinese antimicrobial properties, aiding in gum health and combating oral infections. Moreover,
indigenous communities worldwide have their unique set of plant- based remedies. Dental hygiene has
been a concern for humanity since ancient times, leading various cultures to explore natural remedies
sourced from medicinal plants to maintain oral health. The maintenance of oral hygiene is as essential
components of a person’s overall health. Good oral hygiene is all about keeping, our teeth and gums clean

so, we don’t get sick or have bad breath.

Traditional knowledge of medicinal plants used in dental hygiene has been passed down through
generations, encompassing a wealth of wisdom from various cultures. Plants have been historically valued
for their antimicrobial properties aiding in oral health. These remedies often involve chewing, infusions,
or topical applications to address issues such as gum diseases and toothaches. The use of these medicinal
plants in dental care reflects a blend of cultural practices and natural remedies that have stood the test of
time. Traditional knowledge of medicinal plants used in dental hygiene in Pokhriabong and Relling
involves a rich heritage of local practices. Residents often rely on plants like neem for its antimicrobial
properties. Additionally, the use of cloves and guava leaves is prevalent in addressing dental issues. These

practices reflect a harmonious blend of nature and cultural wisdom in oral care.

Oral health is an essential part of a person’s overall health. Oral disease can significantly affect the general
well-being of a person by causing considerable pain and discomfort, thus affecting quality of life. The
World Health Organization (WHO), 1978 has According to one study, 80% of people in developing
countries use traditional medicines, mostly herbal drugs, as their primary health care. The Healing Power

of Traditional Medicinal Products and medicinal plants have been found in most of the developing
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countries [2]. In India 65 % of the population relies on ethno medicine which is the only source of their
primary health care needs [3]. India is considered to be one of the 12 mega biodiversity countries in the
world. It is rich in vegetation with a diverse range of medicinal plants. Over 550 tribal communities are
covered under 227 ethnic groups residing in about 5000 villages of India in different forests and
vegetation types [4]. Oral Sanitation plays a vital role in human health and is a defining characteristic of
life. The relationship between oral infection and microbial activity by many different types of
microorganisms as part of the dental cavity micro flora is well-known. There are over 750 different types
of bacteria that live in the tooth cavity. 50% of these bacteria are not known and many of them play a role
in oral infections [5]. India has an enormous ecological diversity ranging from sea level to the highest
mountains. It represents 2.4% of the world’s total geographical area with about 47,513 plant species. The
total number of species of Angiosperms, Bryophytes, Pteridophytes, and Gymnosperms found in India are
18043, 2523, 1267 and 74 respectively. In India, about 280 medicinal plants belonging to 79 families are

used by pharmaceutical industries to prepare different formulation [6].
Materials and methodology:

Study area

The District of Darjeeling, the queen of hills, covers an area of about 2436.55 km?, lies between
26°27'05" to 27° 13'10” N latitudes and between 87° 59'30” to 88° 53'22” E longitudes [7]. The district is
bordered by Sikkim in the north, Terai and Dooars in the south, Bhutan in the east and Nepal in the west.
The altitudinal variation ranges from 150 m (at Sukna) to 3636m (at Sandakphu) presenting diverse
topographical conditions [8-10]. The regions are significantly rich in floral and faunal diversity. The study
was conducted specially in Relling and Pokhriabong village of Darjeeling district West Bengal. Total
population which comprises of several communities, tribes and castes such as Lepcha, Rai, Tamang,
Bhutia, Limboo, Sherpa, Gurung, Thami etc. More than half of the population is residing in rural areas,

which has an easy access to traditional herbal medicine than the modern medicine facilities.
Selection of key informants

The traditional practitioners recommended by WHO [11] were considered the ‘Key Informants’.
As the present work is confined to dental hygiene, the traditional practitioners offering treatment for
dental hygiene and related complications, who are ready to share their practicing knowledge, have been

considered as ‘Key Informants’.
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Ethno medicinal survey

The contact of key informants in the area has been collected from various sources like local non-
governmental organizations, village chiefs, crude drug vendors, school and primary health centre staff,
and patients attending to traditional practices. Once the rapport with key informants has been built up, the
aim and objectives of the study has been explained to them in local languages to obtain their consent. The
collection of information was through semi-structured, open-ended interviews as suggested by Martin
[12]. The details on age, place of practice, collecting information on practices, diseases they treat and how
they diagnose, store and use plants during interviews. The identification and confirmation of the medicinal
plant species used by key informants were made through specimen display method [13]. The identity was
confirmed by multiple guided transact walks with the informants at different times of the year and by

focus group discussions [14].
Plant identification and herbaria

Information about the local healers was gathered, and the personal interviews were conducted by
taking their prior permission to share their traditional knowledge. The questionnaire was designed that
included information on name, age and profession of medicine knowledge, local name of medicinal
plants, parts used, dose composition, methods of preparation of dose, time taken to cure. All the data were
recorded in the field note book and properly photographed for further use and for efficacy rate each
patient of different areas were also interviewed with prior permission of respective healers and the
patients. With few exceptions, most of the healers and patients gave their consent to share their ethnic
knowledge regarding the dental hygiene treatment and also allowed us to record the data. Different
formulations from different herbalists have been collected and useful plants that were spotted by the
medicine men were photographed, distinguished characters were observed, carefully tagged, uses were
noted in field note book and collected specimens were processed following conventional herbarium
techniques [15]. The specimens were identified by referring local floras [16-18]. Identifications of
processed specimens were done step one ,after another, in the Taxonomy of Angiosperms and Ecology
Laboratory of the PG Department of Botany, Darjeeling Government College under North Bengal
University. Identification will be also confirmed by matching specimens with the pre identified and
authenticated specimens available in Lloyd Botanical Garden Herbarium, Darjeeling, West Bengal and at

PG Department of Botany Darjeeling Government College Herbarium.
Findings:

Knowledge of informants
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In this study, 23 out of 51 identified traditional practitioners were considered vital informants who
provided treatment for dental hygiene. The low number of women in traditional medicinal practice from
different regions was observed in previous studies [19-20]. The same is true in this study, as only 3 out of
23 key informants were female. The average age of the informants ranged from 40 years to 83 years.
Passing knowledge down from one generation to the next was verbal, possibly in the same family or same

community or to an interested outsider as a global phenomenon.

Quantitative study of the plants used

In all, 40 plant species belonging to 29 families have been documented in the present study
(Tables 2). Highest number of species representation was found in families Asteraceae, Rutaceae,
Zingiberaceae with four and Moraceae, Lamiaceae, Rosaceae, Solanaceae with three species of each. This
deviation from the existing general trend of medicinal plants, where Asteraceae leads with more medicinal
species [21-23] may be due to the easy availability of perennial trees and shrubs rather than annual,
seasonal Asteraceae members for the usage. Forty genera were represented in the study, where Ficus were
represented by two species. The habit of the species showed that 40% of the herbal drugs were obtained
from herbs, followed by trees (42.5%), shrubs (15%) and climbers (2.5%). Most of the plants used were
sourced from the natural environment indicating the species diversity and abundance in the study area.
This also indicates the need for conservation measures, especially for those plants with high use value.
The roots (22.5%) were the most commonly used plant part to prepare the medicine, followed by the leaf
(20%), latex (12.5%) ,bark, stem, fruit, seed, and whole plants, with (7.5%) of each, rhizome (5%), and
bulb (2.5%). However, in few preparations it was observed that more than one part of the plant was used

for medicinal preparation.

A total of 23 traditional healers and local villager from two villages (Relling & Pokhriabong) of
Darjeeling district participated in the present study. The majority were aged 40 to 83. From which 17 are
males and 6 are females. More than half had secondary education, one forth had primary education and
rest of the participants had informal education. All of the participants resided in village areas. The socio-

demographic characters of the participants were described in table 1.
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Table 1: Socio-demographic characters of local healers:
AGES(YEARS)
Characteristic Male Female Total
40-50 5 2 7
50-60 6 1 7
60-70 3 3 6
70-80 2 0 2
80-90 1 0 1

A total of 40 plants are identified under 29 families. Certain species are used for management of gum

bleeding, toothache, Bad breath. Stem, young twigs, leaves Bark, Fruit, Seeds and latex are parts of trees

being exploited for oral health care. Plants "based traditional knowledge" has come to be seen as a source

of value in our search, new drug sources. Over the past few decades, there’s been a growing interest in

researching medicinal plants and their historical uses around the world. The results were summarized in

table-2 along with their scientific name, Local name, Family, Habit, Part used, Disease Treated and Mode

of utilization.

Table 2: List of the plants used in dental care:

S1. | Useful medicinal Family Habit Local name Useful Mode of utilization
plant lant
No | (Botanical name) P
parts
1. | Acorus calamus | Acoraceae Herb Bojo Root Tuber is boiled in water
L. (Tuber) | and boiled water is used

for gargle twice a day for
7-10 days during
toothache and bleeding

gum.
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Acmella Asteraceae Herb Parparejhar Flower, | Flowers are crush and

paniculata (Wall. . .

ex DC.) R. K. whole keep it in teeth during

Jansen plant toothache.

Aegle marmelos | Rutaceae Tree Bhel Leaves, | Leaves and Fruit are

(L.) Correa Fruit boiled and wused for
gargling during
toothache.

Azadirachta Meliaceae Tree Neem Stem Young stem is chewed

indica A.Juss. and use as brush for
toothache.

Achyranthes Amaranthaceae | Herb Apamarga Stem, Roots and young stem is

aspera L. Roots chewed and wused as
brush during toothache
and pyorrhea.

Allium sativum Amaryllidaceae | Herb Lasun Bulb Bulb is burn in low

L. degree and little amount

(Garlic) .

of salt is added and used
during toothache.

Aloe vera (L.) Asphodelaceae | Herb Aloevera Leaves Jel applied directly on

Burm. f. affected tooth, rubbing.

Bergenia ciliata | Saxifragaceae | Herb Pakhanbed Whole Stem and root are

(Haw.)Sternb. plants chewed or grind kept in
teeth during toothache.
Leaves is dried to make
paste and paste is used in
toothache.

42




CONSCIENTIA

ISSN: 2278-6554

Vol. Xl

December 2023

Bombax ceiba L.

Malvaceae

Tree

Simal

(cotton tree)

Roots

Roots are crush and it is
boiled in water adding
little amount of alum is
used for gargle twice a
day for 8-9 days during
bleeding gum and teeth
break.

10.

Citrus limon (L.)
Osbeck

Rutaceae

Tree

Nimbu

Root

Gargling with leaves and
roots  are
gingivitis and toothache.

useful in

11.

Curcuma longa

L.

Zingiberaceae

Herb

Haldi

Rhizome

Haldi powder is mixed
with salt and used as
toothpaste and brush with
finger instead of
toothbrush during
yellowness of teeth.

12.

Calotropis
gigantea (L.)
W.T.Aiton

Apocynaceae

Tree

Aak

Roots

Roots are crushed and
put it on cotton need to
apply during tooth ache.

13.

Camellia sinensis

(L.) Kuntze

Theaceae

Shrub

Tea

Leaves

Dried leaves are boiled in
water and boiled water is
used for gargle twice a
day for week helps in
toothache.

14.

Carica papaya L.

Caricaceae

Tree

Maywa

Latex

Latex 1s used to cure
tooth ache and mouth
ulcer.

15.

Datura metel L.

Solanaceae

Shrub

KaloDaturo

Seed

Dried seed are burn and
seed are burn and smoke
is applied on toothache.

16.

Euphorbia
royleana Boiss.

Euphorbiaceae

Shrub

Siyuri

Latex

Latex is put on cotton
cotton are
directly  in

and those
applied
toothache and kept it for
2-3 minutes.
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17. | Elettaria Zingiberaceae | Herb Elachi Seed Seed are chewed for 2-3

cardamomum minutes and swallow
during bad breath.
(L.) Maton
18. | Engelhardia Juglandaceae Tree Mahuwa Bark Paste is made from dried
spicata Lechen bark.
(Male)
ex Blume Juice is made from raw
bark and used in bleeding
gum and bad breath.

19. | Ficus Moraceae Tree Barh Latex Latex from petiole is
benghalensis L. from directly used  during

petiole toothache.

20. | Ficus religiosa Moraceae Tree Pipal Stem Stem used as toothbrush
L. during toothache.

21. | Mangifera indica | Anacardiaceac | Tree Aam Bark, Gargling with decoction
L. Leaves of bark or leaves.

22. | Mentha spicata Lamiaceae Herb Pudina Leaves Leaves and stem are
L. chewed for a minute and

sallow in bad breath.

23. | Berberis Berberidaceae | shrub Keshari Bark Bark is boiled and boiled
napaulensis water is used in gargle
(DC.) Spreng. for 1-2 minutes for 5-6

days during toothache.

24. | Mimosa pudica Fabaceae Herb Buhari jhar Roots Decoction of roots with
L. water is gargled in reduce

toothache.

25. | Neolamarckia Rubiaceae Tree Kadam Latex, Young stem is used as
cadamba (Roxb.) Stem brush in bleeding gum.
Bosser Latex is used in teeth

during toothache.
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26. | Ocimun Lamiaceae Herb Tulsi Leaves Leaves are chewed to
tenuiflorum L. induce saliva secretion,
keeps mouth fresh and in
toothache.
27. | Phyllanthus Phyllanthaceae | Tree Amala Fruit, Fruits is used as mouth
emblica L. Bark freshener and for tooth
decay.
Bark is used in toothache.

28. | Prunus persica Rosaceae Tree Aaru Young Young leaves are crush

(L.) Batsch leaves and juice is applied
during toothache.

29. | Psidium guajava | Myrtaceae Tree Ambak Young Young leaves are boiled

L. leaves and used as a gargle in
toothache.
Bark
Bark and young leaves
are chewed for 2-3
minutes during
toothache.

30. | Piper betle L. Piperaceae Climber | Pan Roots Roots are crush and kept
it in teeth during
toothache.

31. | Plantago major | Plantaginaceae | Herb Nasayjhar Whole Plant is crush and used it

L. plant during toothache.
32. | Rubus ellipticus | Rosaceae Shrub Aiselu Roots Powder of root applied
Sm. during pyorrhoea, tooth
decay
33. | Rumex Polygonaceae | Herb Halhalay Leaves Gargle during teeth
nepalensis bleeding.
Spreng.
34. | Syzygium Myrtaceae Tree Lwang Fruit Fruit is directly kept in

aromaticum (L.)
Merr. &
L.M.Perry

teeth during toothache.
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35. | Solanum anguivi | Solanaceae Shrub Bokshikara Seed Seed is burn and smoke
Lam. of burning seed is used
during toothache.
36. | Sonchus Asteraceac Herb Mulayjhar Latex Latex is wused during
wightianus DC. toothache.
37. | Terminalia Combretaceae | Tree Harra Fruit Fruit is chewed and use
chebula Retz. as a chewing gum during
Bad breath
38. | Tagetes apetala | Asteraceae Herb Saipatri Young Young leaves are chewed
Posada-Ar. leaves and kept in teeth during
(Marigold) toothache.
39. | Zanthoxylum Rutaceae Tree BokayTimbur | Root, Root and Bark are mixed
achnthopodium Bark together crush and apply
: on toothache.
40. | Zingiber Zingiberaceae | Herb Aaduwa Rhizome | Rhizome is chewed
officinale Roscoe during bad breath.

A total 29 families were identified where 16 are herbs, 6 are shrubs and 17 are trees and 1 climber. The

precentage of plants habits are given in (Figure 1). In terms of utilization of ethno-medicinal plants, the

young leaves used in maximum number of cases with the total of 8 plants. The roots and rhizome are used

in 7 and 2 plants, bark are used in 5, stem are used in 4 species, latex is used in 4 plant species, fruit , seed

and whole plants are used in 3 species each and 1 bulb is used (Figure 2). It has been recorded that the

methods of utilization of plant parts and also methods of administration are different among various local

communities.
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Fig 3 : Some Medicinal plants of Relling and Pokhriabong which used in various dental
hygiene. A - Euphorbia royleana Boiss. B - Acmella paniculata (Wall. ex DC) R. K.
Jansen C- Acorus calamus 1.. D- Berberis napaulensis (DC.) Spreng. E-Achyranthes
aspera L. F- Solanum anguivi Lam. G- Bergenia ciliata (Haw.)Stemb. and H- Tagetes
apetalaPosada-Ar.

Discussions:

The present survey revealed information on plants used in dental hygiene. This survey includes 40
plants belonging to 29 families. Among the families 3 species belongs to Asteraceae, Rutaceae and
Zingiberaceae, 2 species belongs to Solanaceae, Moraceae, Lamiaceae, Rosaceae and Myrtaceae. Among
various plants 16 are herbs, 17 are trees, 6 are shrubs and 1 climber. Most of the plants are used in
toothache and others are used in bleeding gum, Bad breath, Tooth break and yellowness of teeth. Mostly
young leaves are used for the dental care by the local peoples of Relling and Pokhriabong district of
Darjeeling. Out of 40 plants species Magnifera indica, Psidium guajava, Azadirachta indica are reported
bay various communities in india and all over the world[24-26]. Acmella paniculate, , Achyranthes
aspera, Allium sativum, Aloe barbadenis, Bergenia ciliate, Euphorbia royleana, Syzygium aromaticum,
Solanum xanthocarpum, Sonchus wightianus, Tagetes apetala, Zanthoxylum acanthopodium,Berberis

napaulensis are mostly used by the peoples of Relling and Pokhriabong area during toothache.
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Conclusion:

A survey was conducted in Relling and Pokhriabong district of Darjeeling West Bengal for
identification of plants used for dental care by local peoples residing in the village. It is found that a
medicinal plant used in dental hygiene in studied areas reflects a rich heritage of community-based
healthcare practices. The integration of local plant resources for oral care highlights the significance of
indigenous wisdom in maintaining dental health. Further research and documentation in higher level of
these practices could contribute to a broader understanding of sustainable healthcare solutions and the

preservation of traditional knowledge in survey areas.

Acknowledgement:

The authors are deeply thankful to all local healers of Relling and Pokhriabong for their
supportive and welcoming attitude and for providing their valuable information on diversified traditional
knowledge, permitting them to publish research findings to obtain their consent. The authors are grateful
to all the veteran healers and also express thanks to key informants for sharing their knowledge, without

which this work would not have been successfully completed.

References:

1. V. Sharma, N. Gupta, V. Arora, P. Gupta, N. Mehta, IntJ Sci Study 3,112—115 (2015).

2. UNESCO. Culture and Health, Orientation texts- World Decade for Cultural Development
Documents CLT/DEC, (Paris, France, 1996) pp. 29.

3. S. Rajasekharan, P. Pushpangadan, S.D. Biju, “ A Study on Native Traditional Folk Healing
Art and its Practitioners,” in Folk Medicines of Kerala, edited by S. K. Jain ( Deep
Publications, New Delhi, 1996).

4. R.L.S. Sikarwar, Ethno botany 14, 112-115 (2002).
5. H.F. Jenkinson, R.J. Lamont, Trends Microbiol 13, 589-595 (2005).

6. A.D. Chapman, “Number of living species in Australia and the world,” in Dept. of the

environment, water, heritage and the arts, edited by Australian government ( Australia, 2009).

7. L.S.S. O’Malley, Bengal District Gazetteers Darjiling (Logos Press, New Delhi, India 1999).
8. A.P. Das, “Diversity of the Angiospermic flora of Darjeeling Hills”, in Taxonomy and
Biodiversity, edited by A.K. Pandey (CBS, New Delhi, 1995), pp. 118-127.

49



CONSCIENTIA ISSN: 2278-6554 Vol. Xl December 2023

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

A.P. Das, Bulletin of Botanical Survey of India. 46, 1 — 18 (2004).
K. Acharya and R. Acharya, Cyathus and Geastrum, Indian Forester 127,959 — 952 (2001).

Anonymous, African Traditional Medicine, Afro Technical Report Series No. 1. World Health
Organisation Regional Office for Africa, Brazzaville (1976).

G. J. Martin, Ethnobotany: A ‘People and Plants’ Conservation Manual (Chapman and Hall,
London, 1995).

S. Bhattarai, R.P. Chaudhary, R.S.L. Taylor, Journal of Ethnobiology and Ethnomedicine, 2:
41(2006).

P. Maundu, /ndigenous Knowledge and Development Monitor, 3, 3—5 (1995).

S.K. Jain &R.R. Rao, A Handbook of Field and Herbarium Methods (Today & Tomorrow’s
Printers and Publishers, New Delhi, 1977).
D. Prain, Bengal Plants, Vols 1 & 2 (Messrs. West, Newman & Co., London, 1903).

A.J.C. Grierson and D.G. Long, Flora of Bhutan, Vol 1, Pts 1-3, (Royal Botanic Garden,
Edinburgh,1983-1987).

A.J.C. Grierson and D.G. Long, Flora of Bhutan, Vol 2, Pts 1, 2 & 3, (Royal Botanic Garden,
Edinburgh1991, 1999, 2001).

T. Teklehaymanot, M. Giday, G. Medhin, Y. Mekonnen, Journal of Ethnopharmacology, 111,
271-283 (2007).

J. K. Muthee,D.W. Gakuya, J.M. Mbaria, P.G. Kareru, C.M. Mulei, F.K. Njonge, Journal of
Ethnopharmacology, 135, 15-21(2011).

M.J. Mac, E. Garce, P.J. Vidaurre, Journal of Ethnopharmacology, 97, 337-350 (2005).
M.M. Mia, M. f. Kadir, M.S. Hossan, M. Rahmatullah, American Eurasian Journal of
Sustainable Agriculture, 3, 165—171 (2009).

N.D. Namsa, M Mandal, S. Tangjang, S.C. Mandal, Journal of Ethnobiology and
Ethnomedicine, 7,31(2011).

N.O. Hollist, “A collection of traditional Yoruba oral and dental medicaments”, in Book

Builders, edited by University of Nigeria, Ibadan, 2004), pp. 20-39.

50



CONSCIENTIA ISSN: 2278-6554 Vol. Xl December 2023

25. M. P. G. Rosa, S. Mitchell, S. Vargas, Psidium Guajava: A review of its traditional uses,
phytochemistry and pharmacology. Journal of ethno pharmacology 117, 1-27(2008).

26. M.S. Khandare, Mango (Mangifera indica Linn) A medicinal and holy plant. Journal of
medicinal plant studies 4, 44-46 (2016).

51



CONSCIENTIA ISSN: 2278-6554 Vol. Xl December 2023

Assessment of acute toxic effects of copper sulphate on Catla catla fry:
mortality rates, behavioral changes and opercular movement dynamics

Harinanka Chakraborty and Chandan Sarkar*

ABSTRACT

This study aimed to assess the acute toxic effects of copper sulphate on Catla catla fry, while monitoring
changes in their behavior. The 24, 48, 72, and 96 hour LCs, values of copper sulphate for Catla catla were
determined to be 0.229, 0.162, 0.108, and 0.059 mg/l, respectively. Mortality rates of Catla catla
exhibited significant variation (p<0.05) with increasing concentrations, regardless of exposure duration.
Similarly, mortality rates varied significantly (p<0.05) across all exposure times (24, 48, 72, and 96 hours)
at all tested doses. Observed behavioral alterations in treated Catla catla included excess mucous
secretion, erratic movement, and air gulping, culminating in sudden death syndrome characterized by
opercular flaring, convulsions, loss of equilibrium, and mortality, correlated with escalating toxicant
concentrations and exposure duration. Opercular movement increased significantly (p<0.05) at lower
doses but decreased significantly (p<0.05) at higher doses across all exposure durations. Notably, at
specific concentrations, opercular movements significantly increased (p<0.05) at 48 and 72 hours, yet

significantly decreased at 96 hours of exposure.
Keywords: ANOVA, Bioassay, Dose, Exposure, LCso

Introduction

Copper, an essential trace element found naturally in plant and animal tissues, is subject to regulation by a
complex interplay of physicochemical and biological factors. Its introduction into aquatic ecosystems
primarily stems from agricultural practices, alongside its utilization in a multitude of industrial sectors
including textiles, tanneries, paints, batteries, laundry, photography, as well as its use in copper wire and
piping for water distribution systems [1]. Elevated environmental concentrations of copper ions pose
significant toxicity risks to fish across various functional levels [2]. Copper sulphate is primarily utilized

for controlling cyanobacteria (blue-green algae) in pond water and is effective in managing infections
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caused by certain parasites, fungi, and external bacteria such as Flavobacterium columnare. Additionally,

it is employed for the control of macrophytes and aquatic molluscs [3].

Fish species hold significant economic importance and are widely consumed. They serve as vital
bioindicators for assessing environmental contamination, offering a comprehensive understanding of
environmental conditions over extended periods, particularly with respect to metals due to their prolonged
biological half-lives. Acute toxicity assessments are commonly employed to establish the concentration of
a toxicant eliciting specific adverse effects within a defined timeframe. Given the ease of detection and
critical nature of mortality, acute lethality tests are prevalent. The concentration causing adverse effects in
50% of the test organisms over a 96 hour period serves as a reliable and easily determined measure of
toxicity. Toxicologists emphasize the importance of experimental toxicity testing, particularly concerning

industrial waste, and other pollutants to anticipate potential harm to aquatic fauna in water bodies.

Some fish species are extremely sensitive to Cu and mortality is observed at extremely low
concentrations, whereas other fish species are highly tolerant. Factor that may affect survival of fish
exposed to Cu includes acclimation period, i.e., exposing fish to increasing concentrations of ionic copper
over the course of several days until the target concentration is obtained [4]. Several studies have
demonstrated that the acute toxicity of copper sulphate (CuSQs) decreases with increased exposure time
[5]. For example, the 96h LDsy of CuSQO4 for Oreochromis niloticus is 12.85 mg/l [6], and sublethal
exposure to 2.0 mg/1 for 10 days caused a mortality rate of only 5% [7]. However, not all species adhere to
the decrease in acute toxicity concentrations of CuSOs with increased exposure. Hoseini and Nodeh

(2012) reported the 24 and 48 h LCso were both 0.42 mg/1 for Rutilus rutilus caspicus fry [8].

Water chemical characteristics also influence the toxicity of CuSOs in exposed fish. Toxicity of CuSOs
tends to increase with a smaller fish age when comparing larvae, fry, fingerlings, and juveniles of O.
niloticus [9]. The concentration of copper ions decreases as the alkalinity of water increases and as a
consequence, therapeutic concentrations of CuSO4 used in high alkalinity water become lethal to the fish
when the same treatment is carried out in low alkalinity water [10]. For Oreochromis aureus, the 96h LDsg
of CuSO4 was 43.06, 6.61, 0.69 and 0.18 mg/l in waters with total alkalinity of 225, 112, 57 and 16 mg/l
CaCO;, respectively [11]. Concentration of copper ions in aquaculture ponds increases immediately
following CuSOj4 treatment, then rapidly decreases. Hence, no contamination of effluents in culture ponds

occurs with applications of CuSO4 due to the instability of copper ions in the water column.

However, the selected fish for the study, Catla catla is a prime cultured species in West Bengal which
occupy a prominent position in the aquatic system. Hence the toxicity evaluation of copper to this fish is

chosen for the study.
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Materials and methods:

The fry of Catla catla, a member of the Order: Cypriniformes and family Cyprinidae, with mean length
5.5 £ 1.0 cm and mean weight 4.5 + 1.0 gm, served as the test subjects in this bioassay. Specimens were
procured from the Rajendrapur fish market, Naihati, North 24 Parganas, WB and acclimated to the
laboratory conditions over a 72 hour period prior to experimentation. Commercial or institutional-grade
CuSOs, 5H,O was utilized as the test chemical. The acute toxicity assessment employed the static
replacement bioassay method, conducted in 15 litre glass aquariums, each containing 10 litre of water, to
ascertain the effects of the test chemical. Unchlorinated tap water, characterized by a temperature of 26°C,
pH 7.3, free CO; 12.0 mg/1, dissolved oxygen (DO) levels of 5.28 + 0.39 mg/l, alkalinity of 168 + 11.21
mg/l as CaCOs, and hardness of 117 mg/l as CaCOs, served as the diluent medium throughout the
experiment [12]. Fish were subjected to a 24-hour fasting period before and during the bioassay. Each test
was conducted with four replicates, each consisting of ten test organisms. Preliminary rough range-finding
tests were performed to determine the dose range at which fish mortality occurred. Subsequently, the
selected test concentrations were employed to determine the LCso values of copper sulphate to Catla catla
at 24, 48, 72, and 96 hours of exposure. Dead fish were promptly removed from the test water at 24-hour
intervals to prevent bacterial decomposition and subsequent depletion of dissolved oxygen. Additionally,
10% of the test medium was replaced with non-chlorinated stock water every 24 hours of exposure, with
the requisite quantity of test chemical added immediately to maintain a fixed concentration. Mean
opercular movements of the fish (expressed as number of movements per minute per fish) were recorded
at 24-hour intervals during the experiment to assess the effects of copper sulphate on respiratory rates.
Behavioral changes, including excess mucous secretion, erratic movement, and gulping of air followed by
sudden death syndrome (characterized by opercular flaring, convulsions, loss of equilibrium, and
mortality), were meticulously documented. Mean mortality of Catla catla at 24, 48, 72, and 96 hours was
utilized to calculate LCso values (95% confidence limits) using statistical software, Probit program version
1.5 [13]. Analysis of variance (ANOVA) was applied to the results pertaining to mortality percentage and
opercular movements, with two-way ANOVA conducted for comprehensive assessment. ANOVA

calculations were performed using the website www.staskingdom.com.

Results:

The acute toxicity of copper sulphate to Catla catla was assessed, and the corresponding LCso values are
presented in Table 1. The LCso values at 24, 48, 72, and 96 hours were found to be 0.229, 0.162, 0.108,
and 0.059 mg/l, respectively. Analysis revealed a significant increase in mortality rates of Catla catla with
rising concentrations of copper sulphate, regardless of exposure duration (p<0.05). Similarly, significant

variations in mortality rates were observed across all exposure times (24, 48, 72, and 96 hours) at every
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tested dose (Table 2, Fig. 1). Treated Catla catla exhibited various irregular behaviors, including excess

mucous secretion, erratic movement, and air gulping, culminating in sudden death syndrome characterized

by opercular flaring, convulsions, loss of equilibrium, and mortality, in correlation with escalating

concentrations of the toxicant and duration of exposure (Table 3). Opercular movement demonstrated a

significant increase (p<0.05) at lower doses but decreased significantly (p<0.05) at higher doses across all

exposure durations (Table 4, Fig. 2). Interestingly, at a specific concentration, opercular movements

significantly increased (p<0.05) at 48 and 72 hours; however, a significant decrease was observed at 96

hours of exposure.

Table 1: LCso values (with 95% confidence limits) of copper sulphate to the Catla catla at different times
of exposure (24, 48, 72 and 96 h)

Test organism

Concentration (mg/l)

24h

48h

72h

96h

Catla catla

0.229

(0.147-0.357)

0.162
(0.102-0.255)

0.108

(0.068-0.168)

0.059

(0.039-0.089)

Table 2: Mean values (= SD) of % mortality of Catla catla exposed to different concentrations of copper

sulphate at different times of exposure (24, 48, 72 and 96 h). Mean values within columns indicated by

different superscript letters (a-h) and mean values within rows indicated by different superscript letters

(m-p) are significantly different (DMRT at 5% level)

Dose % mortality of fish (Catla catla) at different times of exposure (h)
(mg/1) 24h 48h 72h 96h
00 002+ 0.00 00+ 0.00 00*™+ 0.00 002+ 0.00
0.02 00*+ 0.00 002+ 0.00 102+ 0.43 20%+ (.43
0.03 002+ 0.00 002+ 0.00 202"+ (.43 40P+ (.50
0.05 00>+ 0.00 10*+ 0.50 30"+ 0.83 50b°+ 0.71
0.1 00*+ 0.00 20+ 0.71 50+ 0.83 60+ 1,12
0.2 10°™+ 0.00 30"+ 0.50 50+ 1.12 70%r+ (.83
0.5 20"+ 0.00 409+ 0.50 60°%+ 0.83 70%°+ (.43
1.0 309+ 0.00 50"+ 0.50 7040+ 0.71 80+ 0,71
1.5 50°m+ (.83 70%+ 0.71 80+ 0.71 90+ 1.12
2.0 50"+ 0.43 707+ 0.83 90"+ 0.43 90+ 0.43
2.5 70+ 0.43 808+ 0.71 1008+ 0.43 1002°+ 0.00
3.0 80¢m+ (.43 90"+ 0.43 100&°+ 0.00 100&°+ 0.00
3.5 100"+ 0.00 100"+ 0.00 1008+ 0.00 100&™+ 0.00
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Fig. 1: Two way ANOVA was applied among the results and the p value came 0.00006 (p<0.05). It means

the chance of type 1 error is small and the result is significant.

Table 3: Behavioural responses of Catla catla (MS=Mucous Secretion, SDS=Sudden Death Syndrome,
EM=Erratic Movement), —: absent, +: mild, ++: moderate, +++: high) exposed to different concentrations

of copper sulphate at different times of exposure

Dose Behavioural responses of fish (Catla catla) at different times of exposure

(mg/l) 24h 48h 72h 96h
MS | SDS EM MS SDS EM MS SDS EM MS | SDS EM
00 - - - - - - - - - - - -
0.02 - - - - - - - - - - - +
0.03 - - - - - + - - + - - +
0.05 - - + + - + + - + + - ++
0.1 - - + + - + + - + ++ - ++
0.2 - - + + - ++ + - ++ ++ - ++
0.5 + - + + - ++ ++ - ++ ++ + ++
1.0 + - ++ ++ - -+ |+ - ++ ++ - ++
1.5 + + +++ | ++ - +++ | ++ - 4+ |+ - ++
2.0 + ++ +++ | ++ - +++ | ++ - +++ |+ - ++
2.5 + +++ | |+t - +++ | ++ - +++ |+ - ++

Table 4: Mean values of opercular movement/minute of Catla catla exposed to different concentrations of
copper sulphate at different times of exposure (24, 48, 72 and 96 h).

Dose Opercular movement/minute of fish (Catla catla) at different time of exposure
(mg/1) 24h 48h 72h 96h
00 118 115 113 116
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0.02 121 144 146 142
0.03 121 130 148 140
0.05 105 120 150 139
0.1 95 114 119 115
0.2 93 126 117 101
0.5 89 128 117 99
1.0 81 120 131 92
1.5 73 113 95 90
2.0 74 90 &3 76

Cell's averapes Residulas: 00 phot

<
9>

U U 4 TH 4

Fig. 2: Two way ANOVA was applied among the results and the p value came 0.00006 (p<0.05). It means
the chance of type 1 error is small and the result is significant.

Discussion:

The aberrant behaviors, such as excess mucous secretion, erratic movement, and gulping of air followed
by sudden death syndrome (characterized by flaring of operculae, convulsions, loss of equilibrium, and
death), observed in the current investigation may be attributed to ionic and enzymatic alterations in the
blood and tissues [14]. The heightened mucous secretion in fish could potentially stem from dysfunction
of the pituitary gland, induced by toxic stress on the integument [15]. It is plausible that the abnormal
behaviors exhibited by the exposed fish represent a compensatory mechanism aimed at deriving energy to
cope with the stress induced by the toxicity of copper sulphate [16]. The afflicted fish displayed evident
signs of respiratory distress, often resorting to surface breathing and attempting to escape the toxic aquatic
environment. Subsequently, they exhibited loss of equilibrium, spiraling, and upward movement in a
vertical position, ultimately culminating in complete loss of equilibrium and positioning flat at the bottom
[17]. These symptoms were consistent with those observed in the present experiment.

The LCs values obtained in current study indicated the toxic nature of copper sulphate to the studied fish,
signifying its potential for short-term (acute) toxicity. Specifically, the 96-hour LCso value of copper
sulphate for the fish was determined to be 0.059 mg/l. Notably, a significant increase in mortality was
noted in Catla catla exposed to 1.5 mg/l of copper. While the LCsy values suggest that copper sulphate
may not be excessively toxic, it still poses a threat to Catla catla. Comparisons with literature values for
other fish species revealed varying degrees of toxicity. For instance, the median lethal concentration 96-
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hour LCso value for lead in Tench tinca was reported as 300 ppm, significantly higher than observed in our
study [18]. Similarly, LCso values for Cu in other species, such as R. sumatrana and P. reticulata, were
notably higher compared to our findings [19]. Conversely, studies with juvenile Brazilian indigenous
fishes reported considerably lower 96-hour LCso values for copper, indicating greater susceptibility
compared to Catla catla [20]. Additionally, previous research has reported higher total Cu LCso values for
Japanese flounder and red sea bream compared to the present study (8.7-12.2 and 2.0-5.2 ppm
respectively) [21]. These comparisons underscore the species-specific variations in sensitivity to copper
toxicity.

Conclusion:

Copper sulphate is extensively utilized in livestock production, particularly for treating foot rot in small
ruminants, and in aquaculture as both an algaecide and an ectoparasiticide in hatcheries [22]. If copper
sulphate is detected in any water bodies, it is advisable to refrain from discharging the water for two or
three weeks. This timeframe allows sufficient time for most copper ions to form complexes with
carbonates, hydroxyls, and phosphates present in the water, facilitating their settling into the bottom soil.
Once deposited in the sediments, copper becomes trapped within the clay fraction of the soil, thereby
freeing the water from it [23]. In this study, the acute toxicity of copper sulphate to the freshwater fish
Catla catla was assessed through an acute toxicity test. The findings indicate a decrease in LCso values
over time. Furthermore, a positive correlation was observed between mortality and concentration levels,
with increased concentrations corresponding to higher mortality rates. The study revealed significant
abnormal behaviors in exposed fish, including erratic movement, sudden death syndrome, excess mucous
secretion, and respiratory distress. These results underscore the heightened toxicity of copper, suggesting
that even lower concentrations can have deleterious effects, particularly with prolonged exposure
durations.
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Analysis of Women Entrepreneurship and its association with Gender

Development

Ms. Srejita Dutta and Dr. Debasree Bose*

ABSTRACT
Women are considered as the trigger to multiple developments. Entrepreneurship refers to theact of setting
up a new business or reviving an existing business so as to take advantages from new opportunities. The
key factor of women development is women entrepreneurship and GDI. Women entrepreneurship is
spreading at a high rate in recent years. Past academic paper hasinvestigated about the push and full
factors which influence the women entrepreneurship, obstacles of the women entrepreneurs, the factors
that motivated women to establish digitalstartup, about the difference between the enterprises and non-
enterprises on the scope ofempowerment, the challenges faced by the students when they started their new
enterprises, success story of entrepreneurs etc. This paper aims to know whether development of account
refuels the women to take the responsibility of accompany or a startup. The raw data is collected from the
World Bank database. To conduct this research, we used statistical tools like correlation, regression, two
sample tests and this paper discloses a positive influence of women development on women

entrepreneurship.

Introduction

The origin of the word “entrepreneurship” is from a French word “Entree”, “To enter” and “to take”
and in generally applies to any person who is starting a new project or trying a new opportunity.
Entrepreneurship refers to the act of setting up a new business or reviving an existing business so as to
take advantages from new opportunities. (Allen, 2008) Women Gates said — ‘A women with a voice is
by definition a strong woman. But the search to find that voice can be remarl;ably difficult’.
Entrepreneurship is significantly corelated to women empowerment. Women’s empowerment as a
concept was introduced at the UN’s Third World Conference on Women in Nairobi in 1985 which

defined it as a redistribution of socialand economic powers and control of resources in favor of women
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(Right to Information Act 2005). In the last few decades women as a entrepreneur are emerging in

developed and underdeveloped economies (Tiwari, 2017).

Female entreprencurship and women’s economic empowerment are increasingly regarded as akey driver of
economic growth and sustainable development ((Allen, 2008), (Minniti, 2007),(Franzke & Froese, 2022).
The concept “sustainable development” is a term that was utilized by the Brundtland Commission in 1987,
which was the World Commission on Environment and Development. This concept is focused on solving
the actual issues and avoiding harm to the capacity of future generations to solve their own problems
(Fernandez & Patier, 2021). In2030, Sustainable Development Goals (SDG), Gender Equality and the
empowerment of women and girls (United Nations, 2018) is the fifth goal. The query about gender gap in
entrepreneurship is extensive across countries. In almost all the countries there is a huge gap between
entrepreneurial activities across both the genders (Global Entrepreneurship Monitor,2016) (Tiwari, 2017).

This article is based on the Gender Inequality.

Currently women are breaking the shackles of traditional outloek towards gender specific roles and also
going ahead in the business world. Not only are they holding high corporate positions but they are also
successful women entrepreneurs who own almost half of all businesses in the United States. A study
indicated that 1 out of every 11 adult women is an entrepreneur in the United States. Women business
owners contribute to the overall employment of 18 million workers and generate anywhere from $2 to $3

trillion in U.S. economy revenues (Mohiuddin, 2016).

Women have been regarded as the nuclei of nation and builder and molder of its destiny. Time went out
when Indian women are confined to four walls of their homes with their immense strength and potential.
In India, early phases of women entrepreneurship was regarded as extension of their kitchen activities
mainly to 3 Ps, viz. Pickles, Powder and Pappad. But with growing awareness women have started
shifting from 3 Ps to 3 modern Es, viz. Engineering, Electronics and Energy. The government of India has
defined women entrepreneurs as, It will take time in changing attitude, technological innovation and
modern ways of thinking to reduce disparity between man and women to bring equality (Dwivedi, 2013).
By the sixth economic census by the Ministry of statistics and programme Implementation, women
comprise 13.76% of the total entrepreneurs in India. This.is just 8.05 million out of the total 58.5 million

entrepreneurs (Das, 2022).

Women entrepreneurship is the process where women take, lead and organize a business or industry and
provide employment opportunities to other. Women are venturing in all kind of enterprises. Women
entrepreneurs are considered to be most important economic agents for economic augmentation of the

country. They are the owners, producers, co-coordinators, sellers, decision makers, risk takers, innovators
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etc. They also generate employment opportunities and contribute in improving family’s living standard.
Today’s women must supplement the family income using their potential and skills that they possess. Her
skills andcompetencies may be sharpened and turned by way of training. Thus, women, no longer needto
wait for employment outside home. They can successfully start their enterprise and earn their livelihood

(Dwivedi, 2013).

Women through entrepreneurship involves access to resources and markets, actual ownershipand active
control, these may be the three important factors for the empowering women. In the process of
empowerment, women should consider their strength, weakness, opportunities and threats and move
forward to unfold their own potential to achieve their goals through self- development. In countries of
huge population and problems of unemployment, women entrepreneurship happens to be one of the best
instruments for women empowerment. The women entrepreneurs need not to be highly educated. It is
sufficient that they possess basic knowledge of language and entrepreneurial skills. As women have to
fulfill dual roles, entreprencurship is a more suitable profession than regular employment either in public

or private sector (Dwivedi, 2023).

The Ugandan women face many more challenges in entering the labour market than men and the
unemployment rate is higher among women, particularly for female youths (Guloba, 2017). The
unemployment rate among the female working age population (age 18-65) was 10.7 percent in 2015 and
for female youth 22.2 percent, compared to 14 % for male youths (Uganda bureau of statistics (UBOS),
2017). The high rate of labour force growthis also in particular significant among women. Women in
working age makes up just half of the whole female population which means that the issue of women in
need of employment willbecome even more pressing in the future. Further, lack of education is a severe
issue in the country where approximately 75 % of women in rural areas are illiterate or semi-illiterate given
that they either have no formal education or never completed the primary schooling cycle. In urban areas
the number is 43 % Uganda further has a high level of entrepreneurship. In a reportmade by the Global
Entrepreneurship monitor, Uganda was ranked top entrepreneurial countryin the world with 28 % of the
adult population being entrepreneurs (Global Entrepreneurship Monitor, 2015). Female entrepreneurs do
play a critical role in the growing of their national economy. However, they have a double burden of
having to operate in an imperfect entrepreneurial environment while at the same time, they have to

navigate gender roles (Guloba, 2017), (Axelsson, 2017).

This paper serves the purpose to analyse the status of women entrepreneurship by being mindful of the
notion of gender equality and mainly to discuss about women entrepreneurship by taking into

consideration of gender development index.
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1. Literature Review

“Women-empowerment through women entrepreneurship (A study of Faizabad zone of Uttar-
Pradesh)” by (Dwivedi, 2013) was about women entrepreneurs who are owning beauty parlours to
examine the relationship between demographic factor and financial return in the selected sample and to
develop a suitable path for beauty parlour business. The study reveals that this business best for those
women’s who are having problem with coming out of the house due to culture. There is no limitation
of marital status or caste or age in this particular business. A person who can read and write can easily
get a degree for pursuing this business. This paper discloses that as age increases expertise and
exposure increases which increases the profit and investment. Thus, this can be how this enterprise can

be used as an instrument for women empowerment.

“Women entrepreneurship in India” by (Mahajan, 2013) this paper objective is to disclose the status of
women entrepreneurs of India and discuss the success story of Hina Shah the most successful
entrepreneurs of India in plastic packaging and founder of ICECD. Based on this analysis the writer
has also given some suggestions to boost up the spirit of women entrepreneurs and encouraging them

to become successful entrepreneurs in the world of creativity.

“Women entrepreneurship: An overview of Indian scenario” by (Lal, 2017) focus on the factors that
lead women to take entrepreneurship — classified as PUSH and PULL factors. It also concentrates on
the advantages of entrepreneurship among women — like it improve their economic position, increases
self-confidence, it develops leadership qualities etc. It reveals the challenges encountered by women

entrepreneurs — lack of finance, lack of training, difficulties in managing etc.

“Digital startups and women entrepreneurship: A study on status of women entrepreneurs in India” by
(H, 2018) main motive is to find the factors that encouraged women to develop digital startups. It
mentioned the list of successful women entrepreneurs of digital startups in India. It also critically
analyzed the issues and problems faced by women in digital market. This study says that earlier it was
believed that women become entrepreneurs due to push factors like poverty, husband’s death etc. But
now a days people approaching in the business due to their ability to take risk, innovative thinking, and
their passion for achievement. It also discussed that as environment is changing very fast, investors
started investing on women leadership and their contribution in economic development is also

recognized.
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Challenges and opportunities for women entrepreneurs in India” by (Gaur & Chaturvedi, 2018) reveals
that women entrepreneurs faces several obstacles which consist of — lack of technical knowledge,
marketing, entrepreneurial skills, lack of self-confidence and low level of opportunities for education
and most significantly male dominated society and socio-cultural barriers. This study discloses that -
with the increase in the number of women getting opportunity for education, there is awareness among
women to be self-employed. Since 21th century the women of India are approaching in the world of
creativity, higher education and their proportion in the working classes are increasing over years. It

also reveals that women are very good entrepreneurs and they can maintain work life balance.

“Impact of women entrepreneurship on women empowerment in Bangladesh” by (Morshed, 2015) is
based on the comparison between the enterprises and non-enterprises on the scope of empowerment.
The study reveals that there exists a difference between the decisions of the enterprise owned women
and the housewives. It also discloses that women entrepreneurs have more control over resources,
social mobility, social activities, knowledge about women’s rights etc than that of housewives. Hence
womens receives a position in every sector and they gain the confidence to give decisions about their
family. “The role of women entrepreneurship in women empowerment: A case study in the city of
Barishal, Bangladesh” by (Khanum & Deep, 2020) concentrates on how women entrepreneurship
effect on women empowerment in the society. The study tells that the perceived usefulness of
awareness of women’s rights and women empowerment is a difficult factor to measure the impact on
women empowerment. The findings disclose that enterprise women have more knowledge and

awareness in climate change and disaster management than non- business women.

“Factors that influence women to be involved in entrepreneurship: A case study in Malaysia” by
(Ismail & Rahman, 2021)) scrutinized how PUSH and PULL factors affect women’s entrepreneurship
in one district in Malaysia. This study results showed that PUSH factors plays an important role in
contrast to PULL factors. PUSH factors include opportunity to standard of living (family lifestyle),
family background etc. PULL factors includes self-independence. These two factors plays a vital role

in influencing women entrepreneurs. But women education is not considered as a put-up factor.

“Economic empowerment of women through entrepreneurial education in Pakistan: Issue and
challenges” by (Magbool & Yousuf, 2021) focus on the challenges faced by the students when they
started their new enterprises. In Pakistan, women are dealing with financial issues, teasing from other
genders, do not get family support, transportation issues, advertising issues etc. Entrepreneurs are
ignorant to think about for association with providers, they likewise do not think going to discover the

wholesalers as opposed to purchasing from neighbourhood shops.
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“Entrepreneurship and women’s economic empowerment in Zimbabwe: Research themes and future
research perspectives” by (Derera & Phiri, 2020) worked upon eight themes. The themes are as
follows- feminism and entrepreneurship, informal sector trading, motivation for entrepreneurship,
characteristics of entrepreneurs, obstacles to women entrepreneurship, socio- cultural challenges,
women cross broader trading and the strategies adopted by women.

“The woman empowerment model through entrepreneurship in Depok and Bogor” by (Hasanah, 2018)
attempted to create a woman empowering model through entrepreneurship in the region of Depok and
Bogor. As a result, firstly it is found that home industry producers are those women’s who housewives are
because they mostly have free time. Secondly, the existing capital is not enough in equipping the
machines used for production. Thirdly, the technology needs to be modern, innovative it is still very
ordinary, so the production is low. Fourthly, the marketing aspect should be sophisticated with the
development in the information technology. Formation of women empowerment model through

entrepreneurship.

Objectives

Explanation of women entrepreneurship data status across the world from the World Bank data which is
considered as one of the most authentic source of information accepted worldwide.

Comparison between indicators of women entrepreneurship data —

e A women can register a business in the same way as a man (1=yes; 0=no)

e A woman can sign a contract in the same way as a man (1=yes; 0=no)

e Share of directors (% of total directors)

e Share of sole proprietors. (% of sole proprietors)

e Analysis of status of women entrepreneurship in various countries through visual method- scatter
diagram.

e Testing of hypothesis keeping in mind the notion of gender equality.

e Discussion on women entrepreneurship in the light of gender development index. To analyse
whether development of a country push the women to take the responsibility of a company or to
start up.

The objectives are mainly grounded to explore the association between women entrepreneurship and
gender development which is scarcely addressed in the literature using world level data. The study is
designed to make a preliminary attempt for gauging the relationship between these two important factors
of development which are not only crucial for women but for the entire country and world as well. The
methodology has been chosen likewise and discussed in the next section and results obtained has been
reported in latter part of the paper.
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Data Source

World Bank Group includes five organizations- The International Bank for Reconstruction and
Development (IBRD), The International Development Association (IDA), The International
Finance Corporation (IFC), The Multilateral Investment Guarantee Agency (MIGA), The
International Centre for Settlement of Investment Disputes (ICSID). But World Bank is the
combination of IBRD and IDA. World Bank data is an important instrument to take complex
decision and it provides vital statistical information for bank operational activities. This data has
been published from 1978. The recent World Bank report which is known as the World
Development Report 2022 was launched by the World Bank on February 15. Gender data is the
information which is disaggregated by gender as well as data that affected females exclusively. In
simple words, it provides knowledge about well-being of females and males across the world. In the
entrepreneurship database of World Bank there are 189 countries present. The data has been

collected from 1970 to 2021.

Methodology

Initially we are going to analyses descriptive statistics with the help of the scatter diagram and later
employ statistical test for relevant hypothesis testing and regression analysis is done in the final

section.
Two Sample t- Test

Two sample t- test was invented by Snedecor and Cochran in 1989. Two sample t- test with equal
variances is required to test if two variables are equal or not. Generally, there are several kinds of

this test. But here two- sample t- test for unpaired data has been used. It is defined as follows—
A two-sample t — test mainly use null hypothesis —

e Ho: pi=p2 (when the means are equal of both the variable)

e The alternative hypothesis can be either two- tailed, left- tailed or right- tailed - H; (two-
tailed): wi#u2 (when the means of the two variable are not equal)

o H; (left-tailed): p; < > (when the mean of variable 1 is less than the mean of variable 2)

e H, (right-tailed): p; > po (when the mean of variable 1 is greater than the mean of variable
2)
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If the two variables standard deviations are assumed to be equal, an “unbiased” estimator of the

Nf Sf2+Nm Sm2
Nf+Nm-2

common variance is — $’=

Here, s and sm? are the sample variances. Hence, the test statistic t is given below:

(xf — xm)(uf — um)
SY(A/NF) + (1/Nm)

Here, xf and xm are the sample means for female and male counterpart respectively.
Nf and Nm are the sample sizes. The degrees of freedom Nf + Nm - 2.

3.1. Analysis of Association through Correlation measure
The study assess the extent of relationship shown between share of sole proprietor and share of
directors with the help of Karl Pearson’s correlation. It is a statistical tool which helps to studythe

relationship between two variables. Let (x1 V 1), (X2, ¥2), cecveervemnieenienieeniinnns (xn, yn) be a set of n

pairs of observations on variable x and y. The correlation coefficient between x and y is denoted by r.

Correlation coefficient r is defined as-

. Z(mt—i)(%’_?)
V(@ -2 Y (- 9)°

r

This expression is known as Pearson’s Product formula; this is used as a measure of linear association

between x and y. This correlation coefficient (r) lies between -1 and +1.

3.2.Regression Analysis

The regression model generally applied to measure the causal relationship between explained and
explanatory variable. When there is only one independent variable in the linear regression model,

the model is generally termed as a simple linear regression model. Consider a simple linear

regression model:

Y=bo+b1X+,Ll

Here, Y= dependent variable
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coefficient. For our analysis, X is the value for Gender Development index while Y will be the
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Figure 1 depicts the relationship between share of directors and share of sole proprietors measured

for females. This analysis includes 31 World Bank countries assessed at the time of 2018.

4, Results

Inspection of the scatter diagram supplies a pleasant context for this study. One can see from this diagram

foremost, an average marked by red dot which segregated the diagram into four sections. At the north-

eastern section there are 15 countries (Lao PDR, Romania, Malaysia, Nigeria, Mongolia, Latvia, North

Macedonia, Jamaica, Estonia, Slovenia, Tajikistan, Serbia, Georgia, Rwanda, Belarus) which have both

share of sole proprietors and share of directors above average, which indicates 48% of these countries are

having higher share of both sole proprietors and directors which is close half of the countries studied over
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here. It claims relatively more women entrepreneurial activities in these countries, which says that women

of these countries are moving ahead in the world of power dynamics.

At the south-eastern section there are 5 countries (Sweden, Norway, Denmark, Malta, Morocco) which
have share of sole proprietors below average but there share of directors are above average, which
indicates that 16% of these countries are having moderate share of both sole proprietors and directors
which is less than half of the countries studied over here. It depicts that women in these countries are
slightly lacking behind in the world of business and the entrepreneurial activities are curtailing in these

countries.

At the south-western section there are 10 countries (Afghanistan, Algeria, Nepal, Qatar, Azerbaijan,
Oman, Cote d Ivoire, Central African Republic, Zambia, Albania) which have both the share of directors
and share of sole proprietors below average, which indicates 32% of these countries are having moderate
share of both directors and sole proprietors. These least developed countries are lacking behind in the
world of innovations. These are least developed countries where women’s confidence in signing the

contract are extremely low.

At the north-western part there is only 1 country (Mauritania) which have share of proprietors above
average but share of directors below average. This country need immediate attention as this country is
trying to catch up the average of share of directors but lagging behind in terms of share of sole proprietors.
In this country most of the population lies below extreme poverty line thus it has an adverse impact on

entrepreneurship also. Consequently, this country women’s hang low in the field of business.

Table 2: Status of women'’s registration and contract signed

Year Business registration Contract has not signed
done

1981 167 167

1991 167 166

2001 166 155

2011 155 113

2021 187 94

From the table 2, it could be seen that out of 189 World Bank countries in the year 1981, 167 countries
admitted that women can register a business just like a man but women cannot sign contract in the same

way as men.
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In the year 1991, same number of countries agreed that women can register in the same way as man and
166 countries declared that women cannot sign contract like a man. From previous year only 1 country

disagree with the statement that women cannot sign a contact like men.

Again in 2001, 166 countries claimed that women can register a business in the same way as
men but 155 countries claimed that women cannot sign a contract just like a man; which
means 11 countries disagreed with the previous statement; this implies that countries are
investing their confidence on women so that they can become decision makers in the future

world.

In 2011, 155 countries remarked that women can register a business in the similar way as
men but 113 countries remarked that women cannot sign a contract just like a man; which
indicates 42 countries disagreed with the initially used statement. It implies that women are

shaping their careers in the world of business.

Lastly in 2021, 187 countries stated that women can register a business just like a man and 94
countries stated that women cannot sign a contract like a man; again, which pointed out that
19 countries disagreed with the statement made in the initial year. Hence year wise the

countries reliance on women are increasing continuously.
Correlation coefficient between share of women sole proprietors and directors:

We will start with a series of correlation between share of sole proprietors and directors. We
have used Pearson correlation coefficient, which is a technique to determine whether the two
quantitative variables are correlated or not and up to which degree. The correlation
coefficient between the two variables is denoted by r. In our case if r is less than 0 (r < 0) then
there is a negative correlation which represents that share of directors and share of
proprietors are not in the same direction and if r is greater than zero (r 2 0) then there is
positive correlation, which means that the share of directors and share of sole proprietors

moves in the same direction.
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Table 3: Correlation Coefficient between share of women Sole Proprietors and

Directors
Correlation share of female
Coefficient directors
2014 0.649965
h f sol
Share of sote 2015 0.659531
female 2016 0.76165
proprietors 2017 0.506651
2018 0.656388

At a first glance, illustrates that correlation between the share of female sole proprietors and share of
female directors turned out to be positive. This indicates that with the increase in share of female sole
proprietors share of female directors also increases the rate of women entrepreneurs also increase; as the
share of female sole proprietors and female directors also moves in the same directions. In the table 3, the
coefficient continuously increases from 2014 to 2016 suddenly there is a downfall in 2017 but again the
coefficient started to increases slightly in 2018. As a result, from this yearly data the coefficient is strong

positive correlation (Range of strong positive correlation — 0.5 to 1.0).

Two sample t-test analysis:

Table 4: Two Sample t-test Analysis

share of directors share of sole proprietors

year mean of share mean of share  p of mean of share mean of p of
of female of male two tail of female sole share of two tail
directors directors test proprietors male test
proprietors
2014 22.25452539 77.67213392 0.00*++ 31.29807789 68.70192211  0.00*
2015 23.41253361 76.58746639 0.00= 31.39628404 68.60371596  0.00***
2016 23.43459932 76.56540068 0.00*+ 31.77063512 68.22936488  0.00***
2017 23.33450134 76.66549866 0.00++ 32.0288253 67.9711747 0.00%**
2018 23.71519816 76.28480184  0.00* 31.71629166 68.28370834  0.00***

Table 4, presents the two sample t-test with equal variances interrelationships between share of

female directors and share of male directors. Therefore from 2014 to 2018 we reject the null
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hypothesis because the p-value (0.00) is smaller than the level of significance (0.05). We alsoreject
the null hypothesis and accept the alternative hypothesis at 0.01 level of significance from 2014 to
2018 because the p-value (0.00) is smaller than the level of significance. From 2014 to 2018 we
reject the null hypothesis because p-value (0.00) is smaller than the level of significance (0.1); we

accept the alternative hypothesis.

Similarly, table 4 also represents the interrelationships between share of female sole proprietorsand share of
male sole proprietors. Therefore from 2014 to 2018 we reject the null hypothesis because the p-value
(0.00) is smaller than the level of significance (0.05). We also reject the null hypothesis and accept the
alternative hypothesis at (0.01) level of significance from 2014 to 2018 because the p-value (0.00) is
smaller than the level of significance. From 2014 to 2018 we reject the null hypothesis because p-value

(0.00) is smaller than the level of significance (0.1); we accept the alternative hypothesis.
Regression analysis:
Model 1 result

Table 5: Regression Statistics between GDI (Gender Development Index) and share of female

directors

MODEL R square Adjusted R Square

1 0.219539 0.199

This table of regression analysis provides information of fitting of the linear regression equation. It is
analyzed that r (Karl Pearson’s coefficient of correlation) comes 0.46855 which holds a positive relation
between the two variables which motivates to take up the regression analysis. Positive relation takes place
if there is an increase in independent variable (GDI) andthe dependent variable (share of female directors)

also moves in the same direction.

Table 6: Anova analysis (Analysis between GDI and Share of female directors)

MODEL F Significance
Regression 10.68915 0.002293
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It is found that at 95% confidence level the calculated value of F is 10.68915 and the significance F (the P
value of F determined from the F- distribution table) is 0.002293. As a result, here the 0.00 < 0.05. Hence
the null hypothesis is rejected, and the alternative hypothesisis accepted. Hence, with 95% confidence level

there is adequate confirmation to accept that, there is a noteworthy effect of independent variable on GDI.

Table 7: Regression Result of Model 1

MODEL Coefficient Standard t-stat P- value
error

GDI 61.08463 18.68359 3.269427 0.002293

Intercept -33.511 17.49575 -1.91538 0.062992

The calculated P-value is less than almost all the level of significance (0.002293<0.05, 0.002293<0.01,
0.002293<0.1). This indicates that GDI has influence on the share of female directors. Thus, the

alternative hypothesis is accepted.

The result indicates that the countries need to increase Gender development by providing equal
opportunities to women, investing in women education, keeping an eye on female gross enrolment ratio
(GER) and female life expectancy, then the share of female directors will alsoincrease; which implies that
women will get motivated to work in a company. By which the countries can attain the benefit of women
entrepreneurship. As half of the world population arewomen centric (49.58%), if they cannot invest in half

of the population, they are losing half ofthe GDP what they could have earned from them.
Model 2 result

Table 8: Regression statistics between GDI and share of female sole proprietors

MOD R Adjusted R
EL
squar Square
e
2 0.241 0.225114
601

This table of regression analysis provides information of fitting of the linear regression equation. It is
analyzed that R (Karl Pearson’s coefficient of correlation) comes 0.491529 which holds a positive relation

between the two variables which motivates to take up the regression analysis. Positive relation occurs
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when the independent variable (GDI) increases with the increase in dependent variable (Share of female

sole proprietors). There is 24% variance of share of female directors is explained by independent variable.

Table 9: Anova analysis (Analysis between GDI and Share of female sole proprietors)

MODEL F Significance
Regression 14.65\ 0.000388

It is found that at 95% confidence level the calculated value of F is 14.65407 and the significance F (the P
value of F determined from the F — distribution table) is 0.000388. As a result, here the 0.00 < 0.05. Hence
the null hypothesis is rejected, and the alternative hypothesisis accepted. Hence, with 95% confidence level

there is adequate confirmation to accept that, there is a noteworthy effect of independent variable on GDI.

Table 10: Regression Result of Model 2

MODEL Coefficient Standard t-stat P-value
error

GDI 76.69768 20.03564 3.828063 0.039075

Intercept -39.9796 18.82249 -2.12403 0.000388

The result indicates that the countries need to increase Gender development by providing equal
opportunities to women, investing in women education, keeping an eye on female gross enrolment
ratio (GER) and female life expectancy, then the share of female sole proprietors will also increase;
which indicates that the women are becoming self- confident, self- employed, and supremely
independent to become the decision makers and kick off with a business. By which the countries can
attain the benefit of women entrepreneurship. As half of the world population is women centric
(49.58%), if they cannot invest in half of thepopulation, they are losing half of the GDP what they

could have earned from them.

Conclusion: In this study firstly, we used a scatter diagram to reveal the relationship between the share
of female directors and share of female sole proprietors across the world from it we found that out of
31 world bank countries in 2018, 15 countries women are moving ahead in the world of business as
they have both the share of female directors and sole proprietors above average. Here only Mauritania
needs urgent attention as it trying hard to move ahead but it can’t due to the extreme poverty.
Secondly, we compared between the first two indicators chronologically, and explore that year wise the
confidence of the countries upon the women has continuously increased. Thirdly, we used the
statistical tool correlation to find the correlation coefficient between share of female directors and share

of female sole proprietors’ year wise. Here we detect that their strong positive correlation between the
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two variables. Fourthly, we used two sample t-test assuming equal variances, to determine the case of

share of directors and sole proprietors, whether the difference between the mean of share of female

directors and male directors is equal to zero (HO) or the difference between mean of share of female

directors and male directors is not equal to zero (H1) and same for the case of share of sole proprietors.

Here we disclosed that we reject HO and accept H1 for both the cases, which indicates that we found

the mean of female and male share of directors and sole proprietors are not equal. Fifthly, we used the

instrument regression, to discover the relationship between GDI (independent variable) and share of

female directors and sole proprietors (both are considered as dependent variable). From this we

established that both the variables are positively related.

From the findings of the study conclude that across the world women are moving ahead in the world of
dynamic power. Therefore, the countries should formulates policies directed towards well-being, skill
enhancement so that women can become the decision maker in the progressive world. Moreover, the study
explores that women are capable of registering a business like a men while the probability of signing a
contract is way lesser. Therefore, government should implement policies to provide equal field of business
for women as the male counterpart. Some incentives might be designed strategically to attract new women
entrepreneurship. Regression analysis statistically support the notion of higher gender development invites
greater opportunities for women entrepreneurship which in turn beneficial for economic growth. Hence,

policies aiming towards gender development will eventually encourage women to drive into world of

business.
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Descartes on the Reality of the External, Material Things

Dr. Edha Chakrabarti*

ABSTRACT

Philosophers who have offered proofs in favour of the existence of external world or material things have
also addressed the problems arising out of those proofs. A proof of the existence of the external, material
world can be found in Descartes’ Meditations. Descartes in his Sixth Meditation is concerned with proving
that material things exist. The object of this paper is to explain and examine critically the proofs of the
external world given by Descartes. The first two sections are dedicated to analyze and explain the proof of
the existence of external, material, things which Descartes has offered in the earlier part of Meditation VI.
In the third section of this paper, a critical examination of Descartes’ proof of the corporeal world has

been done. A concluding remark is also given.
Section I

Two arguments given by Descartes are rejected by him, en route to his proof of the external world. His
first argument is that material things “may exist; in as far as they constitute the object of...pure

mathematics, since regarding them in this aspect, I can conceive them clearly and distinctly.”!

He says that “there can be no doubt that God possesses the power of producing all objects I am able to
distinctively to conceive , and I never considered anything impossible to him [Him], unless when I

experienced a contradiction in the attempt to conceive it aright.” 2

He says that we must know what does it mean by ‘a clear idea’ of material thing. Before considering
whether such objects as we conceive can exist independently without us, it is necessary to examine their
ideas in so far as such ideas are to be found in our consciousness and we should also determine which of

them are distinct and which of them are chaotic.
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He says that he can clearly and distinctly see that extension and motion are the two core properties that
constitute the essence of material objects. A material object, which has three-dimensional magnitude, is
prone to local motion, can occupy various places and have its parts differently arranged at different
moments. The point of argument under consideration is this: The very existence of the sciences of
geometry and kinematics demonstrates objects that are characterized by geometrical and kinematical
properties, and supposed to be signified by the term ‘material things’, are possible existents. These
sciences show that the idea of material objects is not self-contradictory, hence the existence of such things
are logically possible. This argument indicates only that the things meant by the term ‘material’ things’
have only possible existence, therefore, Descartes has rejected it, and tried to provide another argument to

determine with certainty whether material things actually exist.?

The second argument is also not a sound proof of the existence of external world. This argument depends
on the power of imagination. As formulated in the second paragraph of Meditation VI, the argument is not
clear. Imagination differs, Descartes says, from pure intellection or conception. There are items which can
be seen clearly, but cannot be imagined except hazily although, there are items which can be both
conceived clearly and imagined vividly. Thus a chiliagon is an object of clear perception in the sense that
it can be rightly understood that it is a figure composed of a thousand sides and possessed of as many
angles, but | cannot vividly imagine the thousand sides—neither more nor fewer than the thousand sides—
of the figure in the sense of viewing them as present with the mind’s eye. But, I can both understand the
figure of a triangle rightly and imagine vividly. Imagination needs a brain for the construction of physical
images, and that accordingly at least one physical object, the brain exists. The power to imagine things can
best be elucidated according to Descartes’ suggestion if it be held that the mind is conjoined to a body of

which it makes use in order to form images.
Cottingham states:

... I ‘see’ the three lines ‘there in front of me’ as if they were actually, physically present. Now this vivid
process of ‘imagining’ or ‘depicting objects could easily be accounted for, Descartes suggests, if there is a
physical organ, the brain, where the three lines are actually, physically traced out, so that the mind can

directly ‘contemplate’ or ‘inspect’ the resulting picture.?

Imagination needs a brain in order to form a physical image and consequently at least one material object

must exist to imagine i.e. the brain.

This argument is not at all substantial. Cottingham argues that:-
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“Indeed, to anyone even remotely familiar with the neurophysiology of the brain, the bizarre notion of

images being actually, physically, traced out there will sound quite absurd.”®

Section 11

Since the above mentioned two arguments have failed to give any certainty regarding the existence of
material objects, so he persuades that it is reason but not senses that throws light on the existence of
material objects. Material objects are not given as immediate objects of sense-perception. ‘Ideas’ i.e. ideas
of qualities are actually given as immediate contents in sense-perception. According to him, the sensory
ideas are presented to our minds, and these alone we instantly and directly perceive. The existence of
material objects are actually inferred on the basis of certain considerations. The sensory ideas are the ideas
of tactile qualities such as softness, cold, heat, colour, odour, sound and taste. Descartes also has talked
about some special kind of sensations such as sensations of pain, pleasure etc. He says that the sensory
ideas which are given directly to the mind are mostly involuntary. These ideas are produced in our minds

without any endeavour and without any will.

Now, Descartes has made an intensive use of his principle of causality to determine the external
substance, or substances which may be credited with the power of producing the sensory ideas. Following
the principle ‘ex nihilo nihil fit’- out of nothing, nothing comes; he draws the conclusion that every idea
must have a cause. He also further has concluded that cause must have as much as reality or perfection as
its effect, or more, but not less. If the cause is less real than its effect then the excess in the effect must

come out of nothing, and this is a sheer absurdity.

Descartes has applied the causal principle in its technical form to sensory ideas. Actually the objective

reality of the sensory ideas must be contained in their cause or causes either formally or eminently®.

He has thought of two wide alternatives as to the external cause or causes of sensory ideas. Either God by
Himself or through some divine agents is their external cause, or corporeal objects may be thought of to

be such.

In the ninth paragraph of Meditation VI, he has stated clearly which of the aforementioned alternatives

should be eliminated and which one would be accepted.

He says that God cannot be the external cause of my sensory ideas because he has given us no means of
discovering that He has communicated those ideas to my mind either directly by Himself or indirectly
through some divine agents. He, on the contrary, has given us a very strong feeling to believe that these

ideas advance from a different source, namely corporeal objects; and if He had created those ideas either
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by Himself or through some appropriate agent, He would be a deceiver, but, as he has been proved in an

early part of the Meditation VI paragraph two, God is not a deceiver.

So, the only alternative which is left for us to accept is that sensory ideas are externally produced by
corporeal objects; because we have strong propensity to believe that those ideas are so caused and we do
not have any natural belief contrary to this natural belief, and we have a further guarantee arising from
consideration of the divine veracity that a very strong natural belief with no natural belief contrary to it

cannot be deceptive.

It follows from the above mentioned discussion that sensory ideas, according to Descartes, are caused by
corporeal objects and corporeal objects can never have any causal power if they are non-existent. This is

the general proof of the existence of external, corporeal, objects given by Descartes.
Section II1

Descartes’ proof of the external world rests on the principle of causality and on his appeal to the veracity
of God. The principal of causality used by Descartes may be called after Cottingham, the Causal
Adequacy Principal.” According to the principal, there must be at least as much as reality in the cause as in
the effect. The word ‘at least’ gives consent to the fact that cause may contain more reality than effect.

According to Descartes, this causal principle is self-evident.?

However, a principle cannot properly be regarded as self-evident unless its application to any realm is
found to be invalid. Descartes has used this Causal Adequacy Principle as “efficient” causes. Causal
Adequacy Principle should imply that there must be at least as much reality in the ‘material’ cause as in
the effect. It is an evident fact that an efficient cause is the productive power or agency which brings
something into existence. But Gassendi has objected to Descartes’ view on the ground that Descartes took
it in the sense that there must be at least as much reality in the ‘efficient’ cause as in the effect. For
example, a bridge which is very strong, derives its strength from its material ingredients, i.e., rivets,

girders etc.

The causal principle, when is applied to material causes, encounters some counter examples too. Helium,
for example, which is formed by fusion from Hydrogen, has some properties which are not in Hydrogen.
A sponge cake has a unique characteristic, i.e., sponginess. This property is not contained by any of its
material ingredients, namely, flour, butter, eggs etc. It is an emergent property coming out of the chemical
changes produced by the process of mixing and baking. If it is told that the new property ‘sponginess’ of

the sponge cake is somehow potentially contained in its material ingredients, this would certainly go
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against Descartes’ view because according to him, the perfections that are present in the effect must be
contained actually in the cause.. In his causal argument for the existence of God, he has mentioned it
distinctly that the perfectness representatively contained in the idea of God as found in the mind must be
present in its cause, not just potentially but actually.'® However in one sense this argument cannot refute
the Causal Adequacy Principle. The ingredients are as much real as the cause itself. Ingredients are no less
real than the cause. Therefore, cause is no less real than the effect. The emergence of new property cannot

nullify the reality of the cause.

Mersenne has cited the example of the emergence of life, taking the action of the Sun and rain on the
Earth to be the efficient cause of the generation of the life. He claims that if by non-living forces animal
life can be created, then ‘it does happen that an effect may derive from its cause some reality, which is
never the less not present in the cause’.!! Descartes has defended himself by providing two different points

at the same time.

1. Animals which are only complex machines have no properties which are not also exists in

inanimate bodies.

2. As the causal principle is explicitly concerned with ‘the efficient and total cause’ of an effect, it is
evident that if animals have properties that do not exist in the Sun, rain, etc., then these things do

not compose the entire efficient cause of animal life.'?

Cottingham has noticed that the problem with this manoeuvre is that Descartes makes his point immune
from criticism by vehemently rejecting the possibility of real emergent properties. The implication of the
criticism is that Descartes’s position is controversial. According to him, the evolutionary biologists should
be wrong in accepting the feasibility that consciousness may appear from non-conscious forces. Whether
they were right or wrong was an object of debate in Descartes’ time and even long before. He was quite
acquainted with the Greek atomist who had given arguments for such emergence, as his comments on
Democritus in the Principles of Philosophy (Pt. IV, 202) suggest. So it follows from the arguments that

the causal principle is not self-evidently true.

Descartes’ appeal to the veracity of God in proving the existence of material thing has been criticized also.
In the Replies to the Seconds Set of Objections Descartes states that atheist ‘cannot be certain that he is not
being deceived on matters which seem to him very evident!®’. It clearly follows from Descartes’ point of
view that one, not being deceived, is dependent on the acknowledgement that God is not a deceiver and

this admission in its turn is available only to those who recognize the existence of God. According to
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Robert Stoothoff it is only after proving the existence of God in Meditation III, Descartes presents the fact

that God is not a deciver.!

The entire liability of Descartes’ view to the effect that the God is not a deceiver, i.e., of his appeal to the
veracity of God collapses ultimately on his claim that God exists. This claim gets its strength from the
causal proof of the existence of God in Meditation IlI. 1t is also repeated in Meditation IV which is further
reinforced by another proof of God’s existence, which from Kant’s time is known as the ontological proof.
Therefore, it is evident that if reasons are employed to cast doubts on his proofs of the existence of God,
the intensity of his argument to the veracity of God will be lost, and finally his proof of the existence of

external, material things will be unaccepted.
Conclusion

Descartes’s proof of the external world is dubious. His causal principle and the force of the appeal to the
veracity of God have been diluted by the critics. His additional arguments, intended to supplement his
proof, are brilliant but by bringing in a view as to the nature of man is not satisfactory So his proof under

examination has not been successful.
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TRuEr g7 9o Pgmeesr S EE 8 T REAdET Ul S oe%, Aq9TE, STHT, ¥9E SfedT
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TH FHTART HIAATZE AATAD] TohIHL0T [ATIHT THAT TRUHT gATed FATHT TSR F ATl &=
T AT ATEUHT TS|
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HEFd THTIIATS AT T AATAT ATITHT Fralag Hledhl TIHT a1 HIA T ITHF G152 0| Alhas
Tra T ILA gl AIUTHT ATGUHT gATA AT HAATETIOTRT STTATHT FeT| ATrHh I ATSHET AhIgaet i
AT FUSES AT ILaT-a%aT, [BET-eaT, HATITd Tl ATHEgad ATAhT THTATH IHas
TS AT | TTHTIAVHAT SATEATICHFSIAA TTHSTEAT dadT 910 A GTATS STAel TTHSTEdT qaiol 80
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Structural Changes in Employment in India in the Post Liberalization Period

with Emphasis on COVID 19 Effects
Kakali Basu* (Roy)*
Abstract

Contribution of labour-market has a crucial role in the development process of any country. Despite of
different reforms, growth of employment in India becomes a matter of serious concern. Our recent growth
experience shows that there is shift towards the use of more capital-intensive technology. Aggregate
employment in absolute terms is continuously declining over the periods 2011-2012 to 2018-2019. Our
government has implemented different employment stimulating programme to solve the problem. This
article examines the profound changes in India’s employment landscape from 1991-2022 through the lens
of economic liberalization and structural shifts. Drawing on extensive data, it chronicles the gradual
transition from an agrarian to a service driven economy and the implications of labour markets. Particular
attention is devoted to analysing sectoral trends, increasing importance of unorganized sector and the
impact of recent disruptions like COVID 19. This is a qualitative analysis based on PLFS, NSS data. The
major findings of the study reflect that structural changes such as increasing importance of secondary and
service sector were noticed in Indian economy during the post liberalization period. Unorganized sector’s
importance is continuously increasing. Change in occupational structure is also important in the context of
Covid 19 faced by Indian economy.

Keywords: Structural shift, rate of growth of employment, organized sectors, self-employed labour,

COVID 19.

Introduction

The world economy including Indian economy became stagnant due to the outbreak of COVID 19. The
Government of India announced complete lockdown in between March 2020 to May 2020 for maintaining
social distance among its residents. And this becomes a challenge for the Indian labour market to function
on its own way because the unorganized sector and in some cases organized sector faced the challenge to
earn a living. On 3™ May Government partially opened the economic activities and a New Normal life
started which was difficult for the unorganized sector to face and to participate. So, the struggle of the
unorganized sector continued. Gita Gopinath, chief economist of the International Monetary Fund (IMF),

in a blog (dated 14™ April,2020) suggested that the corona virus — led slowdown across the world is likely
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to be bigger than the financial crisis of 2007-08 and the Great Depression with more geographic
outreach.6

According to ILO, more than 25million jobs were at risk due to COVID 19 pandemic and approximately
81% workers were severely affected by this lockdown in various countries. ILO mentioned in its report as
‘the worst global crisis since World War II’7. According to the ILO report more than 40 crore informal

workers may get pushed into deeper poverty due to COVID 19 pandemic8.

The three nations which were mostly affected the virus, were USA and Brazil and the India. The
unplanned lockdown announced by the Government of India led to an unmanageable crisis among the
resident of India as there were no planning of how to earn a living. A large section of workers particularly
from unorganized sectors did not have enough resources to face the three weeks of lockdown. At a glance
hunger, poverty and unimaginable sufferings were the primary result of the lockdown. Facing the
challenge imposed by the lockdown of different phases, our Government of India has taken an initiative
on 12" May, 2020 namely ‘Atmanirbhar Bharat’ for reducing dependency. One of the important things to
be Atmanirbhar of the country, is the requirement of a well-developed labour market. But the labour
market in India is characterized by huge rate of unemployment which is an impediment for India to be

atmanirbhar.

It is important to remember that the Indian economy was not in good position even before the pandemic.
There is evidence that aggregate employment was declining in absolute terms in between 2011-12 and
2017-18. Open unemployment was around 2%-2.5% and it reached to the highest level of 6.1% in 2017-
18 (highest in 45 years) and 5.8% in 2018-19.9 And then came COVID 19 with its effect of complete
disruption of labour market activities. Data from PLFS (Periodic Labour Force Survey) shows acute crisis

in the job market. Within a period of three months unemployment raised a lot.

The 1991 reform policy was designed to achieve high rate of growth through the implementation of the
programme of LPG (liberalization, privatization, and globalization). Importance was given to free market
competition. According to a considerable number of studies, this reform policy was to some extent

successful for the Indian economy to overcome its crisis and to achieve the objective of high growth rate.

'https://blogs.imf.org/2020/04/14/the-great-lockdown-worst-economic-downturn-since-the-great-depression/
7 https://www.ilo.org press release 7™ April 2020
8 https://m.economictimes.com/news/politics-and-nation/covid-19-crisis-can-push-40-crore-informal-sector-
workers-in-india-deeper-into-poverty-ilo/articleshow/75032778.cms
9 PLFS Data 2017-18 and 2018-19.
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The budget of 2000-01 implied the ‘second generation reform’ which comprised of good governance and
fiscal adjustment and structural reform. A number of studies showed that the impact of the reform was not
pleasant in case of employment. (Himansu,2008). The Indian economy passes through the stages of
financial crisis of 2007-08, demonetization of 2016, introduction of GST in 2017 and at last the most

dangerous crisis of lockdown in 2020.

The last three decades have been a period of far-reaching transformation for the Indian economy. Starting
with the pivotal reforms of 1991 that opened India to market forces, the country has emerged as a globally
integrated economic powerhouse. However, this growth story has been inextricably intertwined with
profound changes in employment structure. This article seeks to document and analyse these tectonic

shifts to better understand the evolving world of work in India.

This article consists of nine sections. Section two is the literature review, three is the objectives, section
four is methodology, section five describes structural change in employment, section six describes the
growing importance of unorganized sector, section seven analyses the changes in occupation, section eight

is the analysis and findings and the last section is conclusion.

Literature Review

Lee and Vivarelli (2006), Dasgupta and Singh (2007) expected that during the implementation of the
reform in 1991, the lifting of industrial controls and trade restrictions may result in higher output growth,
leading to a creation of new employment opportunities and a visible fall in poverty and inequality.

Santosh Mehrotra, Jajati Parinda, Sharmistha Sinha and Ankita Gandhi (2014) observed that in the Indian
Economy, a structural transformation was happened and it was happened with an absolute fall in
agricultural employment and a rise in non-agricultural employment, increasing participation in education,
decline in child labour, mechanization of agriculture and rising living standards in rural areas due to
growth in real wages which led to a decline in workforce , most of which was of women leaving the
workforce. They also observed that a fall in demand for manufacturing exports and increasing capital

intensity also resulted in a decline in manufacturing employment during 2004-05 to 2009-10.

Indraneel Dasgupta and Saibal Kar (2018) found that since 1991 per capita output has increased
significantly while the overall unemployment rate has remained low. They also observed that labour force
participation rates have fallen sharply, especially for women and in addition youth unemployment

remained stubbornly high. An overwhelming proportion of the labour force continued to work in the
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informal sector and there was a little evidence of a sustained rise in wages for either unskilled rural or

factory workers.

Parveen Jha and Manish Kumer (2020) concluded that world of work has been hit very much, unleashing
unprecedented vulnerability and insecurity for millions of workers in the context of the pandemic,

particularly due to the ill-conceived lockdown and overall policy framework to deal with it.

Sonalde Desai, Neerad Deshmukh and Santanu Pramanik’s (2021) findings revealed that there was a
gendered change in employment during India’s pandemic lockdown. There was a substantial decline in
employment for men and women during the lockdown. They also concluded that comparing only wage

workers, employment decline was far greater for women than for men.

Objectives
The objectives of this article are:
1. To analyse the profound changes in the employment structure in India in the post liberalization
period.

2. To analyse the effect of COVID 19 on the employment structure of India.

Methodology

This article is basically qualitative in nature. The analysis is based on nationally representative datasets
like different rounds of NSS (43%, 50™, 55" 61" 68" rounds), Periodic Labour Force Survey etc.
Supplementary data sources covering unorganized sectors and different secondary sources like journals,
research papers, published books, daily newspaper, internet etc are also utilized.

Structural change in employment

We start our analysis from the year 1991 as it was the most significant year in Indian economic history.
The policy of LPG opened our economy to the World economy and gave importance to the free market
competition with the aim to achieve a higher growth rate. Though the policy was to some extent
successful to pull the economy from the deep crisis but the employment condition was deteriorated. The
unemployment rate declined from 8.3% to 5.99% from 1983 to 1994 and then it increased to 6.68% by
2004-05. In the post reform period employment growth was accelerated in the secondary sector and
service sector but it decreased in the primary which is shown in the following table10.

Table-1

Sectoral Contribution in employment

10 43th, 50t 61th & 68" rounds of NSS Data on Employment & Unemployment
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sectors 1994-95 2011-12 2015-16 2019-20
Agriculture 60% 52.9% 46.1% 45.6%
Industry 16% 19.3% 21.8% 23.7%
Service sector 24% 27.8% 32% 30.8%

Source: Employment Unemployment survey, PLFS

In the post-reform period, though the agriculture sector was the main source of employment but still the
contribution of agriculture was decreasing and that of industry and service sector’s contribution were
continuously increasing. Another important fact is that service sector gets much more importance than the
industry in terms of employment contribution. Following the PLFS data we see that the absolute number
of workers and the share of the workforce employed in agriculture decreased during the period between
2017-18 to 2018-19. But something reverse was happened just after that. Indian economy witnessed a
sharp increase in the share of employment in the agricultural sector. The share of industry and service
sector was also declining though there was an increase in the job creation of both industry and service
sector during 2019-20 which include a quarter effect of COVID 19 on the activities of the economy.
CMIE data from consumer pyramid household survey revealed that the share of the agricultural sector in

total employment increased from 35.3% in 2017-18 to 38% in 2019-20.

The declining trend in agricultural sector in the post reform period can be attributed to the fact that the
labour productivity of the two non-agricultural sectors is much higher than the agricultural sector. But the
reason behind the reverse thing that happened during 2019-20 can be explained by the fact that due to
COVID 19 pandemic non-agricultural sector experienced a decline of 26% in its output growth whereas

the agricultural sector experienced a decent growth of 3.45% in its output.

Another interesting fact is that along with the increase in the share of agriculture in employment, the year
2019-20 also experienced the increase in the share of women in the agricultural sector. This is clear from

the following figure:-
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Source: based on NSO-PLFS data,2017-18 to 2019-20

Figure 1: contribution of male and female in different sectors

Increasing importance of unorganized sector:

Based on different rules, regulation and conditions of work, economic activities are classified into
unorganized and organized sectors. The activities which are well organized by the Government are known
as organized sector. The organized sectors are well organized in terms of employment. On the other hand,
the unorganized sector has no such well-defined structure. This sector does not follow any Government
regulations. The examples of unorganized sectors are domestic workers, farming, construction companies
etc. The National Commission for Enterprise in the unorganized Sector (NCEUS) reports that the share of
unorganized sector is significantly large. In the post-reform period, the share of unorganized workers
increased significantly while that of organized sector showed a decline. In 2011-12 almost 83% of
workers were engaged in the unorganized sector and 17% in the organized sector. In 2017-18 the
unorganized sector contributed 86.8% and the organized sector contributed 13.2%. According to the

economic survey of 2021-22, about 91% additional workers were engaged in the unorganized sector.

Changing trends in occupation

Workers are divided into three categories of occupational status namely self-employed labour, casual-
labour and regular wage/ salaried labour. A self-employed labour is one who earns his income by working
for himself/ herself rather than for a specific employer. Businessman, lawyer etc are examples of self-
employed person. Casual labours are those who do not earn regular wages and do not have regular

employment throughout the year. Workers working at a construction site are examples of casual labours.
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They are generally unskilled workers. Regular wage/salaried workers are those who work on a permanent
basis and get regular salaries/ wages for their work. Data on employment and unemployment indicates that
in the post reform period the occupational structure also changed in a significant way as reported in table
2. During this period the shares of casual and self-employed workers increased considerably (Bhalla
2004). The proportion of regular wage/salaried workers among female showed an increasing trend ( 6.5%
in 1993-94 to 9% in 2011-12) but for male it was a declining trend( 18.95 % in 1993-94 to 11.81% in
2011-12). Women are more often in the category of casual labour, though the share of this category has
been increasing in case of men, while it has been some decline in case of female labour. To find out the
effect of COVID 19 on the occupation of workers we consider the three consecutive years as COVID hits
the economy on 2020.

Table-2: Percentage Distribution of workers by their employment status in usual status (ps+ss)

Category of employment
Year Category of | Self-employed Regular wage/salaried | Casual
workers
1993-94 Male 50.75 18.95 30.29
Female 56.65 6.44 36.9
Total 54.7 13.53 31.77
1999-00 Male 51.28 16.86 31.8
Female 55.53 7.54 36.9
Total 52.61 14.65 32.75
2004-05 male 52.98 13.34 33.68
female 60.99 9.10 29.91
total 56.38 15.35 28.27
2011-12 male 52.57 11.81 35.62
female 52.95 8.97 38.08
total 56.58 8.63 32.79
2017-18 male 52.3 234 243
female 51.9 21.0 27.0
total 522 22.8 24.9
2019-20 male 52.4 24 23.6
female 56.3 20 23.7
total 53.5 22.9 23.6
2020-21 male 53.9 22.7 233
female 59.4 17.4 232
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total 55.6 21.1 233
2021-22 male 53.2 23.6 232
female 62.1 16.5 21.4
total 55.8 21.5 22.7

Source: 43", 501, 611, 68" rounds of NSS, PLFS 2019-20,2021-22.

What is clear from the table is that the category of self-employment gets too much importance during the
pandemic period. COVID 19 hits our economy on 2020 and from then the proportion of self-employed in
both male and female workers increased considerably. The likelihood of a woman worker being self-
employed was much more than the male workers. We find that proportion of self-employed among female
rose from 56.3% in 2019-20 to 62.1% in 2021-22 though the same for male also increased in the period
mentioned. The proportion of regular wage/salaried labours both for male and female indicates a declining

trend. The proportions of the category of casual labours remained more-or-less the same.

Analysis and findings

The structure of employment in India underwent significant changes from 1991 to 2022 due to economic
reforms and other factors. In the early 1990s the Indian economy gave heavy focus on agriculture but as
India opened to globalization and privatization there was a gradual shift towards the service and
manufacturing sectors. The growth of the IT industry can be accounted for the remarkable rise of the
service sector. But from 2017-18 the increase in the share of agriculture in total employment (from 35% in
2017-18 to 36.1% in 2018-19 and then 38% in 2019-2020) is an implication of poor condition of the
labour market because the non-agricultural sector was not able to provide sufficient employment and as a
result labours were forced to migrate to the agricultural sector for livelihood. According to CMIE large
part of labour from the relatively unorganized construction sector and the the unorganized manufacturing
sector moved to agriculture. Nearly 60% of employment in unorganized manufacturing industries
migrated into agriculture at the times of distress.

Another important fact to notice is that despite COVID 19 shock agriculture sector performed well. Good
monsoon, various government measures for increasing credit availability, infrastructural development,
increased provision of quality inputs to the agricultural sector etc can be accounted for this sector’s well
performance. Livestock and fisheries experienced buoyant growth and had helped the agriculture sector to

perform well during this period.

Increasing share of unorganized sector is another important fact to notice. The implication of this rise in
the labour market is that there has been an increase in social security measures of the Government for the

labours of the unorganized sector. E-Shram portal is for the registration of the unorganized workers and
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to support them. Approximately over 28.62 crore unorganized workers have registered on this e-Shram

portal in March, 2023.

In the post-reform period, the share of casual and self-employed workers in total workforce has increased.
But the female labour force depended much on salaried service compared to male. But during the COVID
period somewhat different picture is noticed. Proportion of self-employed labour (both male and female)
continued to increase during this period. Due to the lockdown imposed by the Government of India, most
of the salaried / regular wage labours lost their jobs. For casual labour, most of them were forced to stay at
the nearby workplace for their livelihood. Those among the casual labours who were unable to join the
work during the lockdown were failed to earn a livelihood. Self-employment was the best option in that
period. Those who were able to run online business were hampered little less by the lockdown. After

lockdown due to job loss most of the labour force joined in the labour market as the self-employed.

Conclusion
The findings of this article reveal that though the economic reform of 1991 that was undergoing in the
Indian economy was helpful in terms of the growth of the economy but it affected the structure of
employment in the economy which can also affect the social welfare. The Indian employment
kaleidoscope has been in a constant state of flux over last 30 year. The period 1991-2000 can be
mentioned as the agrarian root as the India’s workforce remained firmly entrenched in agriculture. The
next period 2000-2010 can be mentioned as service surge as the new millennium dawned, the service
sector rapidly emerged as the pre-eminent employer, catalyzed by IT/ITES, finance, trade etc. But
contrasting the services boom was manufacturing’s sluggish employment trajectory. And at last the period
2010-2022 can be mentioned as the recent disruptions as the post — 2010 period witnessed a general
employment crisis across sectors that worsened with COVID-19.

COVID 19 threatened the Indian economy. During this period drop in the labour force participation rate
was a sign of slowdown. Work from home concept was not applicable for all types of labour. As a result
what was inevitable was poverty and inequality. Both sectoral and income inequality increased a lot
during that period. To balance the lives and livelihood, some steps were undertaken by the Government to

support the affected one such as free food distribution, providing welfare pensions etc.

Hence what we can conclude is that sustainability of the Indian economy requires an access to quality
work. Work from home is a great boost for the labour market especially for female labour market. Online
teaching, Writing, communications, marketing, online sales etc could be preferred professions for labours
to join in the labour market. In addition, self-employment opportunities including manufacturing at home,

creative projects etc can be proposed professions on MSME levels in both rural and urban areas.
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The structural change in the Indian economy from 1991 to 2022 have been transformative, marked by
liberalization, privatization and globalization. These reforms spurred significant growth diversification
and integration into global economy. However, challenges such as income inequality, regional disparities
and environmental sustainability persist. As India continues on its developmental trajectory, it must
prioritize inclusive growth, sustainable development and innovation to ensure a prosperous future for all

its citizens.
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ICT enabled online learning: effectivity and challenges during pandemic

Koustav Kundu* and Anirban Pandey

ABSTRACT

Academic institutions (schools, colleges, and universities) across the world rely solely on traditional
methods of teaching, i.e., face-to-face lectures in a classroom. Despite the fact that many educational units
have begun to use online teaching during the period of pandemic. The unexpected emergence of Covid-
19, a devastating disease caused by the Corona Virus (SARS-CoV-2) startled the entire world. In this
pandemic condition, the success of this online mode of teaching-learning depends on the social and
physical learning settings of students, especially in underdeveloped nations. The research claims that
learning space disparity is caused by a lack of digital infrastructure paired with familial and societal
dynamics. In this paper it has been discussed how academic institutions can reinvent content delivery,

assessment, and student aid to alleviate learning space inequalities.
Keywords: COVID-19, digital divide, learning space inequality, online learning, ICT

1. Introduction:

Corona Virus, also known as COVID-19, is a dangerous infectious disease that has had a significant
impact on the world economy. This catastrophe has shaken the education system, and this dread is likely
to spread throughout the world's education field. Many schools and institutions were forced to shut down
momentarily due of the COVID-19 pandemic. Various places are affected globally, and there is concern
that the education system may collapse. As lockdown prevents access to open schools or universities,

internet education is the sole remaining alternative for further education (Rielry 2020).

However, this internet-based and technology-based education system has a number of drawbacks.
Students in wealthy households and metropolitan locations can readily buy educational digital equipment.
Students from rural locations and poor families face the opposite predicament. Generally, smartphones are

held by family members who generate money, and as students have restricted or no access to smartphones,
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they are having a hard time attending online classes. At this point digital division arises and students

become more vulnerable to be dropping out (Carey 2020).
2. Online Teaching is Not Optional, it’s a Need of Time:

Due to the alarming onset of this worldwide pandemic, a large portion of the planet is under quarantine.
Several cities have become ghost cities as a result of Covid-19, and its impacts may also be seen through
schools, colleges, and institutions. The Corona Virus has forced educational institutions to shift from an
offline to an online form of interaction. The institutions that were previously averse to change will be
forced to accept modern technologies as a result of this crisis. This disaster will demonstrate the financial
benefits of online teaching and learning. We can preach to a huge number of pupils at any time and from
anywhere in the world using online teaching options. All institutions must juggle various online
pedagogical techniques and endeavour to make better use of technology. Numerous institutions all across
the globe have totally digitalized their activities, recognising the critical need in this scenario. As a result,

improving the effectiveness of online teaching—learning is critical at this point (Dhawan 2020).
3. Modes of Online Teaching:
3.1.  Uses of Application:

For online education, a variety of digital platforms like Google meet, Webex, Zoom etc are currently
available. These platforms make it easier for students and teachers to communicate with one another, and
have enabled teachers and educators to take online classes effectively These platforms are also utilised for

administrative meetings and online academic seminars.
3.2 Platforms for Online Education:

Online education can be done on a variety of platforms like Impartus, Swayam, e-pg pathshala etc. Online
lessons can be taken, videos can be posted, and recorded videos can be sent via these services. As a result,

these platforms are beneficial to both students and teachers (Dhawan 2020).
3.3.  Use of Different e-content :

There are no time or location constraints when it comes to learning with online education. Anyone, at any
time and from any location, can learn as long as the internet facility is available. As a result, everyone can
pursue a variety of educational opportunities. For students, several e-contents have been produced. These

are beneficial to them in terms of expanding their understanding.
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4, Scope and Application of ICT:

The application of information and communication technology (ICT) in education is done to assist,
improve, and accelerate the transmission of information. In many studies’ ICT has been found very
effective around the world to enhance student learning and teaching approaches. Because of the rapid
advancement of ICT, the world wide web (WWW) is constantly updating information warehouses for
learners, educators, and scientists. Each day, a person from village can access the most up-to-date
information and research. Open universities and distant education via ICT are new avenues for working
individuals to get information while studying at home. Television is one of the most effective
communication mediums for informing students, farmers, and athletes about current events through video
snippets. It is possible to see the expensive and challenging research, sophisticated surgery for medical

students, and so on (Oliver 2002; Raja & Nagasubramani 2018).

On the Internet, curriculum material such as textbooks, reference books and references are found. Even a
foreign university course can be completed using the Internet, which is incredibly cost effective. The
online credential is administered by the computer industry's behemoths, Microsoft and Oracle
Corporation, in prometric centres all around the world. Audiocassettes, videotapes, audio and video CDs,
and video multimedia interactive CDs are all available in the market for students ranging from
kindergarten to graduate school. Computers can even be used by teachers to create content CDs. LCD/
DLP projectors can be utilised instead of overhead projectors to provide effective learning for a large

group of pupils (Raja & Nagasubramani 2018).

Table 1: ICT Tools Used in Education

ICT Tools

Desktop and laptops, Projector Digital cameras Pen Drive Ipods, Ipads Webboards Scanners
Digital cameras, Printer Photocopier Microphones, interactive white board DVDs and
CDs Flash discs

5. Opportunities of Online Learning and ICT:

Although there are many options for online learning in general, most educational institutions have moved
to this approach during this time of crisis, which will enable online learning to flourish. During the onset
of the Corona Virus pandemic, e-learning, working from home, and e-collaborations exploded.
Educational institutions can now take advantage of this opportunity by requiring their teachers to teach
and students to study via online methods. People have always been comfortable with class room learning

and have never experimented with different learning methods. This crisis will usher in a new era for
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online learning, allowing individuals to consider the positive aspects of e-learning. This is a moment when
startling inventions and digital advancements have a lot of potential. Teachers may put technology to use
and create a variety of customizable programmes to help kids learn more. Both the educator and the
students will be put to the test if online learning is used. It will help pupils improve their problem-solving
talents, critical thinking, and adaptability. Users of any age can utilize online tools in this critical moment,
and they can take advantage of the time and place adaptability that comes with online learning. In this

frantic circumstance, teachers can come up with new instructional ideas.
5.1. ICT as a Useful Tool for a Teacher:

It is beneficial to teachers' professional growth. With the use of ICT, a teacher can master a variety of
linguistic skills. One can enroll in a variety of certification programmes offered by prestigious educational
institutions. These programmes assist him in improving his ability to teach his topic information in a
simple, cost-effective, and understandable manner. With the use of e-journals, e-magazines, and e-
libraries, a teacher can expand his sphere of knowledge, which is only possible via the libraries, a teacher

can expand his sphere of knowledge, which is only possible via the use of ICT.

He can also use audio and video confeencing to participate in conversations and conferences with subject-

matter experts to enhance his knowledge and abilities (Oliver 2002; Raja & Nagasubramani, 2018).

ICT aids a teacher's ability to learn new teaching approaches. He has the ability to collaborate with pupils
on a wide range of projects and assignments. It also aids him in the delivery of instructional materials,

such as homework (Raja & Nagasubramani, 2018).

With the help of ICT, he/ she can engage in a variety of in-service training programmes and workshops
that are vital to his professional development. ICT enables a teacher to inform his students about learning
resources available on the internet, such as e-books, e-journals, and e-magazines, as well as social media
sites such as LinkedIn, which aid in the better understanding of topic skills (Raja & Nagasubramani,

2018).

ICT also aids in the development of subject curricula. He can research curriculums from various countries
to learn about their advantages and disadvantages, obstacles, and sociological and psychological issues
affecting students. All of this aids him in developing a curriculum that leads to the achievement of the

subject's goals and objectives (Raja & Nagasubramani, 2018).
5.2.  ICT as a Useful Tool for a Student:

Online materials are available to students for study. Students can use a variety of materials to better grasp

the topic. Students can learn whenever and wherever they want. Students can communicate with teachers
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via the internet and obtain the necessary information. There are no time or location restrictions for

students (Oliver, 2002).
6. Challenges and Digital Divisions:

Learner concerns, educator issues, and material issues are just a few of the challenges that online learning
faces. Institutions face a difficult task in engaging students and getting them to participate in the teaching—
learning process. Teachers face difficulties in transitioning from offline to online mode, adjusting their
teaching approaches, and managing their time. It's difficult to create content that not only meets the

curriculum's requirements but also engages students (Dhawan, 2020).

Teaching learning is a two-way interaction in which a student can ask the teacher questions in order to
solve problems and gain a better understanding of the subject. After receiving feedback from students,
teachers might adjust their teaching methods. As e-learning is more or less teacher-centric, pupils were

unable to provide immediate feedback (Indira & Sakshi, 2018).

There is no clear guidelines by the government in their educational policies about online learning
programs. There is a lack of standards for quality, quality control, development of e-resources, and e -
content delivery. This problem needs to be sort out immediately so that everyone can take the benefits of

online education (Dhawan, 2020).

To deliver education via the internet, an effective and efficient educational system must be built. Getting
the devices and equipment, maintaining the equipment, training the teachers and students, generating the

online content all take a lot of time and money (Indira & Sakshi, 2018; Dhawan, 2020).

Ensuring digital equity is crucial in this tough situation. Unavailability of digital tools, no internet
connections, or Wi-Fi connections can cause a lot of trouble. Efforts should be taken by institutions to
ensure that every student and faculty is having access to the required resources. They must also ensure that
all educational apps work on mobile phones as well. Therefore steps must be taken to ensure the minimal

digital divide (Indira & Sakshi, 2018; Dhawan, 2020).

Practice makes a man perfect is a well-known proverb. Students and teachers across various institutions
have never really been familiar with e-learning. Most of them are associated with traditional methods of
teaching and learning. We can learn a lot from this hectic situation. A lot of tools are available, teachers
are required to choose the best from it and implement it to encourage their students. A step-by-step guide
might be prepared by academic institutions that can guide the teachers and students on how to access and
use various online learning tools and how to cover most of curriculum content via these tools and thus

reducing the digital illiteracy. Teachers can present the curriculum in various formats, videos, audios, and
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texts. It is beneficial if teachers gave their lectures with video chats, virtual meetings, and so on to take

immediate feedback from the students (Dhawan, 2020).

In laboratory-based subject, laboratory experiments are extremely significant. It's difficult to offer
practical lessons through the internet. Laboratory work provides students with hands-on experience in
order to better comprehend the subject. Most institutes are closed during lockdown, laboratory work is

suspended, and students lose interest in the subject.
7. Conclusion:

Students can learn while coping with the pandemic by utilising ICT for teaching and learning. In order to
deliver uninterrupted services during and after the crisis, each institute requires a solid digital
infrastructure. We can't forget about the pupils who don't have access to all of the internet resources. We
need to be well-prepared so that we can adjust swiftly to changes. Institutions may develop contingency
plans in the event of pandemics or natural disasters. Even in times of crisis, e-learning may aid in the
provision of inclusive education. Such methods must be implemented in educational institutions to ensure
that no student is denied an education because of their location, socioeconomic status, ethnicity, or other

factors. It is critical to conduct in-depth research and due diligence on the technology.
Acknowledgement

Contribution of Post Graduate Department of Zoology, Acharya Brojendra Nath Seal College is duly

acknowledged for this work.
References:

1. K. Carey, Everybody ready for the big migration to online college? Actually, No. The New York
Times, 13 (2020).

2. S. Dhawan, Online learning: A panacea in the time of COVID-19 crisis. Journal of Educational
Technology Systems, 49 (1), 5-22 (2020)

3. D. Indira and A. Sakshi, Online Learning. International Education & Research Journal, 3 (8), 32-34
(2017)

4. R. Oliver, The role of ICT in higher education for the 21st century: ICT as a change agent for
education. Retrieved April, 14, 2007. (2002)

5. R. Raja and P. C. Nagasubramani, Impact of modern technology in education. Journal of Applied and
Advanced Research, 3 (1), 33-35 (2018)

6. J. B. Rieley, Corona Virus and its impact on higher education. Research Gate (2020)

115



CONSCIENTIA ISSN: 2278-6554 Vol. Xl December 2023

Education: In the Context of Sustainable Development
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Abstract:

Education is not limited to textbook knowledge. Connecting that knowledge to the real world is
also a major objective. Students will know the information and make responsible decisions by making
themselves a trusted citizen of the country and will play a role in the society, changing the climate,
improving the economic conditions, achieving the desired quality of life. Philosopher Plato believed that
education is essential for the economic development of a society. According to him "education is
indispensable for the economic health of a good society”". Adam Smith considered education as capital in
economic terms while evaluating education. Others believe that education is a means of inculcating good
habits, a desire for self-improvement, moral commitment and a sense of personal responsibility. It is clear
from their words that there is no substitute for education in development. That is also true for developing
countries like ours. Every aspect of life is constantly changing. Education can play an important role in
meeting this challenge by raising the level of understanding of all people, because information is not only
to be known or heard, but also to be understood. Learning helps to analyze data and arrive at an effective

decision. Undoubtedly, education is a tool for sustainable development.

There is no substitute for education when it comes to development. Synonymous with the word
development is improvement, progress and change. According to some - development means
industrialization, to some independence, to others political, social and economic independence. Some
want skyscrapers, migration from villages to cities. One wants instant worldwide communication and jet
plane travel. Each nation chooses its desired goal in the light of its existing conditions. However, despite
the differences in goals, all nations are sure to agree in favor of development. Education among others can
also make an effective contribution in this regard. The question is, can education contribute to sustainable
development? At the same time, does the current trend of our education system speak in favor of

sustainable development? That is the subject of this article.
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Introduction

Education is termed as the main regulator of human life and development. The application of the
knowledge gained over the ages is behind the amazing civilization that the once cave-dwelling primitives
have developed today. The growth and prosperity of civilization, is rooted in the wide-ranging influence
of education. Behind all the development of the world is the contribution of education. Education is the
key to all development and the tool of development. Only education can provide permanent solutions to
national and social problems. Education broadens the horizon of human knowledge. Education is the best
and long-term investment through which the country and nation can be improved. The more educated the
nation is, the better the nation is. Only education can make the country free from poverty. Education is

power, knowledge is light and education is the backbone of the nation.

Education is the knowledge, skills, values and qualities that people acquire since coming to earth
to meet their needs. Different thinkers have defined education from different perspectives. According to
sociologists, the process of acquiring knowledge about material and social norms, their interrelationships,
resources, linkages is called education. While physical prowess was once the pride of a nation, in the
present age of the astonishing progress of science, there is no substitute for education in the national life.
If education is given importance, the country will progress. As long as people are deprived of the light of
education, the misery of the nation will continue to increase, people will live inhumane lives, along with
this, obstacles will be created in the way of progress of the nation. A nation that is more advanced in
education, knowledge, science, bravery and influence-prestige are greater of that nation. The ancient
Greeks are remembered for their learning and knowledge. Uneducated people turn the nation into a dull,
pride less, lack luster, stooping state. In fact, the expansion of education can make a nation dynamic, able
to face problems, give courage to hope and dream. Hence the importance of education in individual and

national life is essential.

The main objectives of education are three- the first of which is to improve the physical and
mental skills of man, the second is to develop human qualities in the individual and the third is to provide
universal and eternal motivation to man. The biggest driver of long-term economic growth is human
resource development. Education is a medium through which human resource development takes place.
Education influences people's knowledge, habits, behavior and values. Education, on the one hand,
enriches the store of human knowledge, and on the other, plays a leading role in avoiding economic

poverty.
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Human resource is the biggest capital in the economic development of any country. Educated and
skilled manpower is called human capital. If we can make the people skilled through technical education,
it will be the biggest capital. Education plays an important role in development. Rabindranath Tagore felt
that it would be impossible to accelerate the growth of the country if the masses could not be freed from
the darkness of illiteracy. But he did not want to see people as mere capital. He wanted economic
development through humanity. Development of any country is not possible in this complex economic era
without skilled manpower and technological development. Along with material capital formation, human

capital formation is also required, which will accelerate technological and sustainable development.
Objectives:
The objectives of this essay are as follows: -
e To develop the concept of sustainable development.
e To gain knowledge about the goals of sustainable development and their crisis.
e To understand the relationship of education with sustainable development.
e To understand the impact of various aspects of education on sustainable development.

e To develop the understanding of what should be done in the education sector to ensure the

sustainable development.
Sustainable Development:

In the 21st century, the buzzword is sustainable development. One of the topics in any discussion
on environment and development is sustainable development. The literal meaning of the word sustainable
is to give or maintain the ability or strength. And the word development means upliftment or growth. So,
sustainable development means that development is sustainable or can be sustained, which in one word
can be called stable development or growth. The term sustainable development was first used by Eva

Belfour, the founder of the International Institute for Environment and Development.

The main goal of every country in the world today is stable development. Economists and
theoretical leaders in government policy makers in various countries have become particularly aware of
the issue of sustainable development. In India too, various directive principles of the Constitution, even
during the various Five Year Plans, have laid emphasis on formulating appropriate policies for sustainable

development.
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The concept of sustainable development was elaborated in two international documents published
in the 1990s. One of these is "Carrying for the Earth: A strategy for sustainable living (1991)". And the
other is the report of the 1992 United Nations initiative Bashundhara Summit held in Rio de Janeiro,
Brazil. It is an important document on environment and development. The conference was attended by
ministers, top leaders and environmentalists from 178 countries. This conference discusses the world's
environmental problems and their solutions. The outline of environment and development specified in the
conference can be called sustainable development approach or principles. The popular title of the 1992
conference report is the 21-point program or Agenda 21. The United Nations Commission on Sustainable
Development in 1993 and the United Nations Environment Program in 2000 published the Global

Environment Outlook emphasizing sustainable development.

Sustainable development is a modern concept of balancing environment and resources.
Sustainable development can be done in various ways from the perspective of various branches of science

like economics, social policy, ecology, geography etc.

Earnest Simonis Udo (1990) says that- Sustainable development refers to development projects

that maximize economic benefits while maintaining natural quality and function over the long term.

According to Allen (1980), Sustainable development is the provision of quality of human life and

permanent satisfaction of human needs.

Mayhew, S. & Penny, A. (1992) stated that- Sustainable development is a form of development

based on prudent management of resources, resulting in lasting success.

According to Brundtland commission (1987), meeting the needs of the present generation, while

maintaining the ability of future generations to meet their own needs is called sustainable development.

Allaby, M. (1993) says that- Sustainable development is economic development that reconsiders
15 the environmental determinants of economic activity and is based on the use of resources that are

replaceable and renewable.

According to the report ‘Carrying for the Earth: A strategy for sustainable living (1991)’-
Sustainable development is the improvement of human living standards within the limits of the natural

environment within the carrying capacity of ecosystems.
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Repetto, R.C. & Repetto, R. (1985) stated that Sustainable development is the national
development approach that frees future citizens from the burden of foreign debt, enhances the skills and

human qualities of future generations, and prevents environmental degradation and resource depletion.

Analyzing the above statements, it can be said that sustainable development is the development
project through which maximum economic benefits can be realized while maintaining the quality and
function of natural resources over a long period of time. Sustainable development is a long-term human
development system in harmony with the environment. Through this development, the well-being of the
country and the decade is achieved without destroying the balance of the natural environment.
Development activities consider not only the needs of the present generation but also the future

generations and the protection of the quality of the environment.
Goals of sustainable development:

In 2015, the United Nations General Assembly set 17 global goals or global targets for the
implementation of sustainable development concepts and a better future. Thereby ending poverty and
inequality in society and mitigating climate change. The time frame for achieving all these targets was

2030. The 17 objectives adopted are:
e No poverty
e Zero hunger
e Good health and well being
e Quality education
e Gender equality
e (lean water and sanitation
e Affordable and clean energy
e Decent work and economic growth
e Industry, innovation and infrastructure

e Reduced inequalities
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e Sustainable cities and communities
e Responsible consumption and production
e (Climate action
e Life below water
e Life onland
e Peace, justice and strong institutions
e Partnerships for goals
Crisis of sustainable development:

The primary goal of the concept of sustainable development is to create a pollution-free
environment and equitable distribution of resources. For this purpose, the target of implementation of the
concept of sustainability has been specified, but at present the increasing needs of the human society have
put the target of this concept in front of a crisis. As a result of which the policies adopted too sustainably
and sustainably in environmental, economic, social etc. fields have been affected in various ways. A
number of factors can be attributed to the crisis in the implementation of sustainable development. It is

discussed below-

e More use of natural resources - The demand of human society is increasing in the present time.
To continue supplying this demand, various natural resources, such as unregulated mineral
resource extraction, forest resource extraction, tree cutting, etc. are being done in large quantities,

which are disrupting the natural balance and disrupting the path to sustainable development goals.

e Unplanned production system- Agriculture, industry etc. have to be expanded massively to keep
supply in line with population growth and the demand of that population. As a result, the amount
of forest land is decreasing; the level of pollution is increasing; which is damaging the

environment and creating problems in implementing the principles of sustainable development.

e Population Growth- Since the Industrial Revolution, the world's population has been increasing.
Even South and Southeast Asian countries are witnessing population explosion. As a result,

forests are being destroyed to meet the basic needs of this large number of people. Besides, the
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environment is constantly being damaged due to the unprecedented progress of urbanization,

globalization, and transportation.

e Political instability — At the international level, conflicts between different countries and states
can be observed from time to time. For example: - India-Pakistan, India-China, North Korea-
South Korea, political instability can be observed in various countries of the Middle East which
disrupts social life locally and hinders development. Even different states within a country,

political instability are becoming an obstacle to stable development.

e Concentration of resources- There is a great inequality or concentration in the distribution of
natural resources and human resources in the world. In this case, on the one hand, some regions
have more population and less technological development; On the other hand, some regions have
enough resources but less population. Also in the socio-economic condition of our country, a class
of people has become market controllers and they are getting rich. On the other hand, poverty is

increasing among common people.

e Lack of awareness- Presenting a pollution-free and resource-rich environment to the human
community is the goal of sustainable development, but lack of awareness and lack of planning by
people damages the entire environment, which creates a crisis in the path of sustainable

development policies.
Quality education and sustainable development:

Education is considered as a tool for development of human universal qualities and human
resource development. The developed countries are achieving rapid success in all fields including
literature, arts, agriculture, industry and trade along with the development of science and technology by
developing a standard and balanced education system. Quality education, human resource development
and modernization of education are widely discussed in recent times. Ensuring quality education, not
quantity, is the need of the hour. Universal education is now transcending the borders of countries and
nations especially due to the advent of computers and information technology. Education not only gives
people knowledge about production techniques but also creates a supportive outlook for development.
Encouraging the people to live a better life, awakens the sense of life, imparts moral and spiritual

knowledge to the people, which acts as a supporting element of balanced development.

Quality education is an important topic of discussion in the current context. It continues to attract

the attention of academics in the developed world as well as in the developing world. The United Nations
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Educational, Scientific and Cultural Organization UNESCO have highlighted the concept and importance
of quality education in the context of sustainable development. Considering the 10-year period from 2005
to 2014 as the 'United Nations Decade of Education', UNESCO defined the goals, objectives, components
and action plan for quality education. The organization considers quality education as a prerequisite for
education in sustainable development. Emphasis was laid on simultaneous quantitative and qualitative
development of education.

One of the many essential prerequisites for quality education is greater investment. Despite the fact
that our country is a developing country, the allocation of money in the education sector is insufficient.
Undeniably, the funds allocated for the development of various sectors are often not spent fairly and
efficiently; which is unintended and unwanted. The actual investment in the education sector in the
country is insufficient compared to the demand. Developing countries should follow the recommendations
made by the Delors’ Commission report for spending on education sector. If the recommendations in this
regard are implemented, the qualitative and quantitative aspects of education will be balanced and

integrated.

Along with this, there is no alternative to increase the budget allocation in the education sector to
ensure the desired quality of education, modern and up-to-date curriculum, diversification of subjects,
opening new horizons of knowledge in the field of science and technology and ensuring world-class
research programs in higher education institutions and universities. To this end, the university grant
commission and the government can jointly take multi-dimensional effective initiatives to ensure the
quality of education and research by gradually increasing the budget allocation in the higher education
sector in the national budget to consolidate the position of the country's universities in the regional and

global rankings. Only then will the Sustainable Development Goals (SDGs) be achieved.

Quality education cannot be expected to depend on any one subject. It requires coordinated and
effective management and action of many elements. The elements that need to be properly coordinated for
quality education are modern and up-to-date curriculum, sufficient number of qualified and trained
teachers, necessary teaching materials and physical infrastructure, proper teaching-learning methods,

appropriate evaluation methods, continuous monitoring etc.
Sustainable development in learning and teaching:

Education creates knowledge, skills, attitudes and values in people, which can contribute to future
development. However, in terms of sustainable development, there is a need to bring about a change in the

current education system. There is a need to improve the quality of education with a focus on
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understanding the contours of the future, decision making and critical thinking which will lead to
sustainable development in the future. Education for sustainable development refers to the inclusion of
development issues in learning and teaching such as climate change, disaster response, poverty alleviation,
sustainable consumption, biodiversity, disparity between rich and poor, human rights, globalization,
awareness of better lives, etc. A report by WWF's Living Planet shows that mankind's ecological footprint
(a measure of human demand on the Earth's ecosystem) is steadily increasing. This increase is greater in
developed countries than in developing countries. A developing country like ours should have this sense
of growth. Because if we don't start thinking about where we are, we lose our way on the way forward. If
such concepts are included in the textbooks of students especially in environmental science, they will
undoubtedly gain a real understanding of the bio capacity of the earth. But not only the inclusion of
content in the curriculum, but also the need to follow participatory teaching and learning methods in the
classrooms that encourage students to take action towards behavioral change and sustainable
development. The practice of modern concepts in formulating and implementing a standardized and up-to-

date curriculum ensures achievement of goals.

The concept of sustainable development in education and learning has spread throughout the
world. Learning in sustainable development can be seen from two perspectives. One is - what will we
learn and how? If we talk about environmental problems, scientific knowledge can play a role in solving
these problems. And such learning can be achieved by students through their teachers. Therefore,
education is one of the ways to understand the problems around us and gain knowledge about their
solutions. The role of the school and its teachers in achieving that education is unique. Again, for this
development we want to adopt participatory teaching-learning approach which helps students to change
their behavior and empower them. This result in higher thinking skills based on mutual cooperation,
drawing meaningful blueprints for the future, decision making etc. becomes easier. So how can a teacher
teach students about sustainable development? One of the main ways to do this is to create group
discussions. When a student presents their own opinions on a given topic with the help of a teacher, their
understanding of the topic is clarified. In this regard problem based learning can play a clear and practical
role. It develops decision making ability in students. However, in this case, the main goal should be to
create the ability to take action in the field of sustainable development among students. So both the subject
matter and the method of learning are important. Sustainable development will be coordinated; everyone
and everything will come into it. Researchers have coined a concept called the 'chair of sustainability' for
the facility. This chair has four legs and in policy-making and management these four legs must be

coordinated equally. If you put too much weight on one of the legs, the chair will lose balance.
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Creative education in sustainable development:

Sustainable development is largely dependent on a protected and balanced ecosystem and refers to
the quality of life and security of the people, thereby enabling a sound economic status. However, it is not
possible to define sustainable development by relying on a few developmental factors. With this
guarantee, it is possible to say that the great contribution of education in sustaining development is truly
undeniable. Education ensures people's well-being and increases their opportunities to become responsible
and productive citizens of society. Quality and creative education is key to sustainable development.
Therefore, a revolution in the education sector can be brought about by bringing changes in the education
system, providing training to teachers, bringing skills in curriculum development and other aspects under
the plan, which will ensure the education needs of the 21st century. In the same vein, constant learning
should be given importance to the students in terms of development. However, an important question in
the case of institutions is - will they follow the current trend of development or will they discover a new
trend in the field of development, think something new? Because one thing is clear, the trend of
development is changing. In keeping with the times, new trends of development have to be followed and
therefore creativity plays a very important role in teaching. Therefore, creativity has to be given priority in
the case of students. Learning to live with the times therefore strengthens the foundations of sustainable

development. Creativity education is therefore essential for sustainable development.
Equality and sustainable development in education:

The distribution of wealth is disproportionate to the growing population. This is a major obstacle
to sustainable development. Women's education can play a major role in overcoming this barrier.
Women's education enables proper utilization and distribution of resources while keeping the fertility rate
under control. Sustainable development is not possible if the educational attainment of both men and
women is not equalized. It is generally seen that highly educated people accumulate more wealth than
uneducated or less educated people. This is also a major issue in terms of sustainable development.
Bridging the gap between these two groups of people is also a big task. Also people from all strata of
society irrespective of rich and poor should have equal opportunity of education. Education should be
spread among people of all communities. If you think about it, what is clear is that if you want
development, you need education. Education can accelerate and sustain this development only when
education is ensured for both men and women, while at the same time the gap between highly educated
and less educated people is reduced, education is equally accessible to all irrespective of caste-religion-
gender. However, there should be a change in the way of obtaining and providing education. Textbook

learning should be aligned with real life.
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This is the basic philosophy of the development we aspire to as a nation - to move forward with
equal consideration for all. And the most important path for this progress is a non-discriminatory rights-
based education system. A system in which every citizen of the country will have the right to develop with
equal opportunities and will be motivated to lead the welfare of the country. All the nations that have
succeeded in the world today have invested the most in education. Therefore, there is a proverb about
development in the modern world - invest in education first. Even after 75 years of independence, we have
not been completely successful in providing equality of education. Although investment in education is
increasing, participation rates are increasing. We are already getting positive results. But we still have a
long way to go to reach the real development scale. To introduce a rights based and non-discriminatory

education system, we need to make radical changes in our current education system and approach.
Education to ensure sustainable development:

Education should move forward keeping in mind the goals of this century keeping in harmony
with the society. It is important to keep in mind that globalization is not only about economics; Also
involved in other matters. People of one country are going to another country. Mixing of cultures is
happening. Information is being exchanged. Eating habits are changing. The whole world is united today.
In such a situation, it is difficult to keep pace with the whole world. The contribution of education in
making a country so prosperous is undeniable. Therefore, sustainable development must be ensured by
taking proper, application-oriented and life-oriented education. To ensure sustainable development

through education, therefore, the following points must be seriously considered-

e Taking into account the strategies of developed countries in the formulation of curriculum, taking
into account the own society, culture, educational philosophy, psychological condition of

students;
e Giving attention to the needs of the 21st century in teaching and learning;
e Verifying the student's knowledge, age and aptitude in determining content;
e Prioritize cutting edge technology in equipment selection;
e Ensuring the participation of all students by varying the way lessons are presented;

e Providing training to management committee members including teachers in building an ideal

learning environment;
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Considering 2 1st century education;
Giving teachers a clear understanding of the digital classroom;

Enhancing students' real-life engagement with lesson content through practical application-based

knowledge practice;

Enhancing students' direct engagement with lessons through hands-on learning;

Giving importance to mainstream education along with alternative education;

Emphasis on women's education;

Ensuring 100% attendance of students in schools with emphasis on vocational education.
To inspire students with the spirit of patriotism;

To make the student aware of his/her rights, duties and responsibilities for effective participation
in the democratic process/institution as a good citizen/to train him/her to perform the

responsibilities;
Helping students to know and understand their own environment;
To gain knowledge and insight into national traditions and culture and inculcate respect for them;

To understand the importance of science and technology in improving the quality of life and to be

interested in its application;

Helping the child acquire mathematical concepts and skills and basic skills in English as a foreign

language and use this language;

Assisting the student in acquiring the necessary knowledge and skills to develop into a complete
person and worthy citizen according to the student's ability, inclination and interest and making

him suitable for the next level of education;
To help develop a positive attitude towards manual labor and respect for working people;

To support the physical development of the child through exercise and sports and to help develop
healthy living habits; and
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e To make the student aware of his rights, duties and responsibilities for active participation in

family and social life.
Conclusion:

Sustainable development is not a goal, it is a long-term process and a standard by which people's
behavior and actions can be judged. An educated citizenry is essential for implementing sustainable
development. The level of education a country's citizens are attaining may enable or limit the
implementation of a country's sustainable development plan. A nation that has a high literacy rate but
lacks skills has little chance of progress. In most cases these nations have to buy energy and commodities
from the international market at high prices. To collect this high price they have to resort to international
business. It involves exploitation of natural resources or conservation of land from subsistence family-
based farms to agriculture. Therefore, it can be said that limiting the speed of economic growth or
following the traditional pattern of growth is not sustainable development, but introducing new
development models suitable for this concept. In this model, all kinds of investments will be made based
on the welfare of people. Social, economic and environmental development requires good societal
decision-making and depends on an educated population. Education for sustainable development helps us
to face present and future globalization challenges constructively and creatively and build sustainable

societies.
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Differentiating AI from Non-Al in Education and Teaching

Dr. Prakriti Ranjan Sarkar*

ABSTRACT

Al (Artificial Intelligence) and its acceptability among students and teachers may be impacted by several
factors. One of the major factor is the understanding of differences between Al and non-Al technologies
may lie in the methods used to automatize and to adapt tasks. Al includes machine learning, natural
language processing, or various kinds of algorithms. Teaching community has fear of replacement or
ethical concerns with Al. The purpose of the current study is to investigate the understanding of concepts
of educational tools with or without Al. The main premise is that technologies with AI would be more
negatively judged than technologies without Al, and thus intention to use would be weaker for
technologies with Al. Discussions show that when students and teachers seem to accurately perceive and
understand the potential benefit of Al technologies with clear cut distinction from Non Al technologies,
they have better acceptance. So the purpose is to develop better understanding of Al and Non Al for

educational practices, and increase acceptability from all stakeholders in the Education fraternity.

Keywords: Artificial Intelligence, Al, Non-Al, Education, Teaching

Introduction

Education technology as reached such a level that computer enabled platforms can take decisions or act
accordingly without human intervention. Artificial intelligence (Al) is one of the latest additions in this
arena. So, the teaching fraternity today has a lot of advantage using Al while teaching. At present times,
many priorities for improvements to teaching and learning are being explored. Teachers and Educators
seek technology-enhanced approaches addressing these priorities that would be nontoxic, more effective,
and accessible. Teachers practice Al-powered tools and services in their everyday class, such as voice
assistants in their class; tools that can correct grammar, complete sentences, and write essays; and
automated trip planning on their phones for field study. As a result, teachers see opportunities to use Al-
powered tools like speech recognition to increase the help and support available to students with

disabilities, multilingual learners, and others who could benefit from greater adaptively and
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personalization in digital tools for learning. They are advancing and exploring how Al can enable writing
improving lessons, as well as their process for finding, choosing, and adapting material for use in their
class lessons. So, everyone in education field has a responsibility to harness the good effects to serve

educational priorities while also protecting against the dangers of Al being integrated in education.

Key Understandings of Al in Education

From the time when Alan Turing first pronounced the hopeful dream of “thinking machines” in 1950
Skinner (1958) , artificial intelligence (AI) research has been advanced in many different fields and
generated an increasing body of knowledge. As early as 1991, Garito has stressed that Al is changing the
traditional role of a teacher (Garito, 1991). Lately, further many other scholars point out that Al empowers
educators with better ways to teaching and learning in the following ways -

e Al enables new forms of interaction. Students and teachers can speak, gesture, sketch, and
use other natural human modes of communication to interact with a computational resource
and each other. Al can generate human-like responses, as well. These new forms of action
may provide supports to students with disabilities.

e Al can help educators address variability in student learning. With Al, designers can
anticipate and address the long tail of variations in how students can successfully learn—
whereas traditional curricular resources were designed to teach to the middle or most common
learning pathways. For example, Al-enabled educational technology may be deployed to
adapt to each student’s English language abilities with greater support for the range of skills
and needs among English learners.

e Al supports powerful forms of adaptivity. Conventional technologies adapt based upon the
correctness of student answers. Al enables adapting to a student’s learning process as it
unfolds step-by-step, not simply providing feedback on right or wrong answers. Specific
adaptations may enable students to continue strong progress in a curriculum by working with
their strengths and working around obstacles.

e Al can enhance feedback loops. Al can increase the quality and quantity of feedback
provided to students and teachers, as well as suggesting resources to advance their teaching
and learning.

e Al can support educators. Educators can be involved in designing Al-enabled tools to make

their jobs better and to enable them to better engage and support their students
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Distinguishing AI from Non-AI

To construct a logical argument, giving reasons and evidence to support whether an example is Al or not.
For example, you might think out loud: “I believe that a car or a bicycle are NOT Al because they just
follow their driver’s instruction without getting better over time. The car behaves the same way no matter
what road you are on.” This argument has a claim, reason, and evidence. In order for students to be able to
fully grasp the following work in this course about artificial intelligence, it is important that they have a
strong understanding of Artificial Intelligence, and how it differs from traditional computer programming,
or other “automated” technology such as automatic doors etc.

One of the most effective ways to think about this distinction is to ask the question “where does the
intelligence, or thinking, take place?” For artificially intelligent programs, the program itself is making the
decisions (for example, Google Maps and Navigation, and a smartphone decides whether to stop or not).
In non-examples of artificial intelligence, it is the human programmers that tell the computer how to
respond to certain commands (a human must click a calculator to perform the operations; a television must
be controlled by a human, etc.). Examples of Non- Al is Television Analog watch, Cycle, Calculator.
Examples of Al are Robotic dog, Smart watch Google Map

Prediction based on dataset and algorithm is the key in Al. Algorithm is a set of steps or rules to follow in
order to solve a problem or accomplish a specific goal. Teachers can project to the students the three main
parts of an algorithm: the input, the steps to change the input, and then the output. It can be explained that
an algorithm is a lot like a recipe. The ingredients are the input, the steps that you take to cook the
something are the steps to change the input, and the output is a hopefully a yummy treat. Think of an
example of an “algorithm” for making masala tea. What are the inputs? (Tea kettle, water, milk, tea
leaves, sugar, ginger, cardamom, cloves, black pepper) What are

the steps to prepare tea? . Switch on the stove. . Pour 2 cups of water into a teapot and place it on the
burning stove. . Let the water come to a boil. . Add milk, tea leaves, and sugar to the water. . Add crushed
ginger, cardamom, cloves, black pepper to the mixture and stir for 2minutes. . The tea is ready to be
sieved and served. What’s the output? Masala Tea. So we can think of some examples of other algorithms,
such as math algorithms, other recipes, or maybe processes used in the classroom for specific purposes
(e.g., the “start the day” algorithm might include putting belongings away, getting breakfast, or the
algorithm to cook Rice or Daal step by step). Now how computers use algorithms programmed by
computer scientists to complete tasks and achieve goals. It is important to know that computers are very
systematic. The algorithms that computer scientists write have to be very specific because the computer
will follow exactly what they say Renz (2020). Al processes the importance of datasets and algorithms in

making predictions. The datasets that machines learn from as well as the algorithms the machine uses
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create the machines’ perspective. When algorithms continue with biases that already exist, they make
problems like racism, sexism, classism to carry on with. This is even more dangerous since it is
challenging to see exactly how algorithms work, so we might not be exactly sure how they are working in
negative ways. Looking more carefully at the algorithm itself and not accepting its results blindly. Making

sure that the data set is more equitable. Testing out algorithms to make sure they do not contain bias.

Discussion

From this discourse it can be noted that use of Al tools particularly in the field of education and teaching
has its major benefits in terms of personalisation of learning, administrative efficiency, continuous
assessment and ubiquitous access. Al mainly helps learners in personalising their learning but at the same
time teachers also benefit from it to design their tailor-made lesson design that ultimately innovates the
pedagogy. In case of LMS based teaching Al is found to be very effective in managing the educational
administrative tasks also. As of now it is an established fact that continuous assessment is more effective
over periodic assessment. Al in this regard helps in collecting significant attainments of the students in the
form of e-portfolio from a data set of continuous assessment records. But teachers are also aware of new
risks. Useful, powerful functionality can also be accompanied with new data privacy and security risks.
Educators recognize that Al can automatically produce output that is inappropriate or wrong. They are
wary that the associations or automations created by Al may amplify unwanted biases. They have noted
new ways in which students may represent others’ work as their own. They are well-aware of “teachable
moments” and pedagogical strategies that a human teacher can address but are undetected or
misunderstood by Al models. They worry whether recommendations suggested by an algorithm would be
fair. Educators’ concerns are manifold. As the we get more familiar with the concept and definition of Al,
with the help of a game, they can apply that definition to several examples to see if the examples are
relevant or not. 2. If it is possible, bring a physical example of a machine with Al (i.e. a smartphone, or a
smart watch or other virtual assistance device) and a machine without Al (i.e., a normal watch or
calculator). When going through these examples, remind the key questions that help to distinguish Al
from Not Al: Does the machine perceive/understand its environment? There is a difference between
perceiving/understanding the environment and just sensing it. A camera senses light and colors but does
not know what objects they represent Sharkey (2016). Does the machine continue to learn? There is a
difference between learning and using a knowledge bank. In Board games, such as Ludo and Chess,
students can win every time they play. However, they are not learning to beat their opponent; instead, they
are following exact mathematical instructions for the game. Online games (chess, Ludo) require a

computer to react to their opponent’s strategy. Does the machine make plans or decisions on its own?
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There is a difference between making a plan and following a plan. For instance, Google map app makes a
plan. > Does the machine interact with its environment? There is a difference between interacting with an
environment and following a script. Automated phone tellers, like those in voicemail, can talk with you
but they follow a pretty rigid script. Modern voice assistants can respond to almost any question, no
matter how you phrase it. Who is doing the thinking - “where is the intelligence” - with the humans who
programmed it or with the device/program? If a system does one of the four intelligent things above, think
about how it works. Is it making intelligent actions on its own or did all of the intelligence come from the

humans who programmed it.

Conclusion

To conclude we can say that Al tools are trained with datasets and algorithm. Whereas Non-Al tools like
Smart machines which are not Al, do not require training data, they work on algorithms only and do not
decide of its own. Al machines learn from mistakes and experience. They try to improvise on their next
iterations. Non-Al Smart machines work on fixed algorithms (set of rules)and they always work
with the same level of efficiency, which is programmed into them. Al technologies can analyses the
situation and can take decisions accordingly. Apparatuses which are not Al cannot take decisions on their
own. Al based drones capture the real-time data during the flight, processes it in real-time, and makes a
human in dependent decision based on the processed data. An automatic door in a shopping mall, seems to
be Al-enabled, but it is built with only sensor technology. An Al enabled instrument should not only
recognize, but should also do something with its gathered information. Artificial intelligence” must mean
a human-made interface with the power to reason and integrate knowledge. Al must demonstrate at least
some of the following behaviors associated with human intelligence: planning, learning, reasoning,
problem solving, knowledge representation, perception, motion, manipulation and, to a lesser extent,

social intelligence, and creativity.
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Women in Present Bengal

Sanjib Kumar Haldar*

ABSTRACT

The status and roles of women in Bengal undergo a nuanced and dynamic transformation, reflecting the
intersection of traditional values, socio-economic shifts, and evolving cultural paradigms. This abstract
explores the multifaceted dimensions of women in contemporary Bengal, delving into their participation
in various sectors, challenges faced, and the ongoing efforts to foster gender equality and empowerment.
Bengal, with its rich cultural heritage and historical significance, has witnessed a transformative journey
for women in recent times. A notable aspect is the increasing participation of women in the workforce,
spanning diverse sectors such as technology, academia, healthcare, and the arts. Educational
advancements have played a pivotal role, with more women pursuing higher education and breaking
traditional barriers to enter professions that were historically male-dominated. This progression is not
without challenges. Gender disparities persist in certain spheres, reflecting deep-rooted societal norms.
Despite strides in education and employment, women often encounter glass ceilings and wage gaps,
highlighting the need for systemic changes to ensure equal opportunities and recognition. Additionally,
issues like gender-based violence and societal expectations continue to impede the full realization of
women's potential. Cultural shifts are evident in the changing roles of women within families and
communities. The traditional expectations of women as homemakers are evolving, with more women
balancing familial responsibilities alongside professional pursuits. This transformation reflects an ongoing
negotiation between traditional values and contemporary aspirations, shaping a complex tapestry of
identity for women in Bengal. The digital age has brought both opportunities and challenges. While
technology has empowered women by providing platforms for expression, education, and
entrepreneurship, it has also exposed them to new forms of gender-based harassment and privacy
concerns. Navigating this digital landscape requires a delicate balance between leveraging technology for
empowerment and addressing the associated risks. Efforts to address these challenges and promote
women's empowerment are underway. Advocacy groups, non-profit organizations, and governmental

initiatives are working towards creating an inclusive environment. Educational programs, skill
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development initiatives, and mentorship programs specifically tailored for women aim to bridge gaps and
equip them with the tools needed to navigate diverse sectors. This collective voice has sparked
conversations around consent, harassment, and accountability, fostering a climate where survivors feel
empowered to speak out. However, challenges persist in translating this momentum into sustained cultural
shifts and systemic changes. The present status of women in Bengal encapsulates a complex interplay of
progress and challenges. While there is a noticeable shift towards increased participation in various fields,
persistent gender disparities, cultural expectations, and digital challenges underscore the need for
continued efforts towards gender equality. The ongoing transformations reflect not only the resilience of
women but also the evolving nature of Bengal's societal fabric. Striking a balance between preserving
cultural values and fostering inclusivity will be crucial in shaping a future where women in Bengal can

fully realize their potential across diverse domains.

Keywords: Women’s Empowerment, Gender Dynamics, Educational Access, Economic Participation,
Cultural Transformations, Gender-Based Violence, Urban-Rural Disparities, Digital Gender Divide,

Social Movements, Intersectionality
Introduction:

In the vibrant tapestry of Bengal, the status and roles of women have undergone profound
transformations, navigating the currents of tradition, socio-economic shifts, and evolving cultural
paradigms. This introduction seeks to unravel the intricate layers that define the present-day narrative of
women in Bengal, capturing the essence of their diverse experiences, challenges faced, and the dynamic
interplay of tradition and modernity. Bengal, with its rich history and cultural legacy, has long been a
crucible of change, and the role of women within this framework is a compelling lens through which to
understand the region’s contemporary dynamics. In recent times, the landscape for women in Bengal has
seen a kaleidoscopic evolution, reflecting both the enduring influence of tradition and the dynamic forces
of progress. Historically, Bengal has been a trailblazer in fostering intellectual and cultural movements,
and women have played integral roles in these spheres. From the literary prowess of figures like Rokeya
Sakhawat Hossain to the socio-political activism of leaders like Kamini Roy, women have left an indelible
mark on Bengal’s intellectual landscape. The present echoes this legacy, with women actively
participating and leading in various fields, ranging from academia and literature to politics and
entrepreneurship. Education has been a catalyst for change, propelling women into new realms of
possibility. The increasing enrolment of women in educational institutions signifies a departure from
historical norms, challenging traditional expectations and opening avenues for professional pursuits. The

educational landscape has become a crucible for empowerment, where women are not only gaining
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knowledge but also forging identities beyond traditional roles. In the economic realm, women in present
Bengal are making significant strides. The workforce is witnessing a surge in women contributing across
sectors, from information technology to healthcare. Economic independence is reshaping traditional
family dynamics, and women are increasingly becoming architects of their own destinies, navigating the
delicate balance between professional aspirations and familial responsibilities. The narrative of women in
present Bengal is not devoid of challenges. Deep-seated gender norms persist, creating barriers to the full
realization of women’s potential. Despite advancements, there are pockets of resistance to women’s
participation in certain fields, reflecting a broader societal struggle to reconcile tradition with the
aspirations of a new generation. Challenges extend beyond the professional sphere, permeating the
societal fabric. The issue of gender-based violence persists, demanding urgent attention and
comprehensive strategies for prevention and intervention. Cultural expectations, though evolving, still cast
shadows on women’s choices, reflecting the delicate negotiation between tradition and the pursuit of
individual agency. The digital age has ushered in new dimensions to the lives of women in Bengal. While
technology serves as a catalyst for empowerment, providing platforms for expression, education, and
entrepreneurship, it also unveils new challenges. Women navigate the digital landscape, grappling with
issues of online harassment, privacy concerns, and the need for digital literacy. As Bengal continues its
journey through the 21* century, the status and roles of women are emblematic of a society in flux. The
intersection of tradition and modernity creates a dynamic tension, shaping the contours of identity for
women in present Bengal. This exploration delves into the myriad experiences, challenges, and triumphs
of women in the region, recognizing their agency in both preserving cultural legacies and propelling

Bengal into a future that embraces inclusivity and equality.
Literature Review:

The literature on women in present Bengal provides a rich tapestry of insights into the multifaceted
experiences, challenges, and transformations that characterize the lives of women in this region. This
literature review seeks to navigate through various themes, including education, economic participation,
cultural dynamics, gender-based violence, and the evolving role of women in both urban and rural

contexts.

1. Education and Empowerment: Historically, Bengal has been a vanguard in promoting women's
education. The works of scholars such as Gayatri Chakravorty Spivak and publications like "A
Feminist in the Classroom" by Meenakshi Mukherjee shed light on the pivotal role of education in

shaping the identity and agency of women in Bengal. The literature highlights how increased
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access to education has not only expanded women's intellectual horizons but has also been a

catalyst for economic independence and social empowerment.

Economic Participation: Scholarly works, including "Women and Work in Colonial Calcutta: An
Inquiry into Contemporary Social Status" by Bharati Ray, delve into the economic roles played by
women in Bengal. The literature suggests a shift in traditional gender roles, with women actively
participating in various sectors, from agriculture and handicrafts to modern industries and
information technology. However, persistent challenges such as wage gaps and limited access to
leadership roles underscore the need for continued efforts to ensure equitable opportunities for

women in the workforce.

Cultural Dynamics and Tradition: The cultural dimensions of women's lives in Bengal are
explored in literature like "Daughters of Desire: An Awakening of Women through Dance in
Contemporary Bengal" by Nandini Sikand. These works elucidate how cultural expressions,
including dance and literature, serve as mediums for women to challenge societal norms and
assert their identities. The literature underscores the evolving nature of cultural dynamics, where
women actively participate in redefining traditional narratives and challenging stereotypical

representations.

4. Urban and Rural Realities: The dichotomy between urban and rural experiences of women in
Bengal is a recurring theme. Studies such as "Empowerment of Rural Women in West Bengal: A
Geographical Analysis" by Sasanka Sekhar Sarkar provide insights into the unique challenges
faced by women in rural settings. Issues such as limited access to resources, healthcare, and

education are juxtaposed with narratives of resilience and community empowerment.

Gender-Based Violence: The literature on gender-based violence in Bengal, exemplified by works
like "The Limits of ‘Autonomy’? Sexuality, Gender Violence and Women's Agency in West
Bengal" by Srila Roy, critically examines the complexities surrounding violence against women.
It sheds light on not only the prevalence of various forms of violence but also the ways in which
women resist and navigate these challenges. Initiatives like the Kolkata-based organization

'Swayam' are highlighted for their efforts in addressing and combating gender-based violence.

6. Digital Dynamics: The advent of the digital age has prompted scholars to explore its impact on the
lives of women in Bengal. Literature such as "Digital Women: The Cultural Construction of
Gender and Technology in Bengal" by Shilpa Phadke discusses the dual role of technology as
both an empowering tool and a site for new forms of gender-based violence. The literature
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emphasizes the need for digital literacy initiatives to ensure that women can leverage technology

effectively while safeguarding their online spaces.

Intersectionality and Social Movements: Scholarly works examining intersectionality, such as
"Interrogating Empowerment: A Critique of the Discourse on Women’s Empowerment in the Context of
the Women’s Movement in West Bengal" by Poulami Roychowdhury, explore how various intersecting
identities impact women's experiences. The literature also discusses the role of women-led social
movements, historically and contemporarily, in challenging systemic inequalities and advocating for
policy changes. The literature on women in present Bengal provides a nuanced and comprehensive
understanding of the diverse experiences and challenges faced by women in this region. The themes
explored highlight not only the progress made in terms of education and economic participation but also
the persistent socio-cultural and structural barriers that require continued attention. As Bengal continues to
evolve, the literature underscores the agency of women in shaping their narratives and contributing to the

broader discourse on gender, identity, and empowerment.
Summary:

The portrayal of women in present Bengal unfolds as a nuanced tapestry, woven with threads of tradition
and contemporary dynamics. Examining the literature on this subject reveals a multifaceted narrative,
encapsulating themes ranging from education and economic participation to cultural dynamics, urban-
rural disparities, gender-based violence, digital transformations, and the intersectionality of social
movements. Bengal's historical commitment to women's education emerges as a pivotal force in
empowerment. Educational advancements have not only broadened horizons but have also become
instrumental in fostering economic independence and social agency. The literature underscores the
transformative impact of education, contributing to the evolution of gender roles and the emergence of a
generation actively engaging in diverse sectors. Economic participation is undergoing a paradigm shift for
women in Bengal, with increased involvement across various sectors. Despite evident progress, persistent
challenges such as wage gaps and limited access to leadership roles necessitate sustained efforts to ensure
equitable opportunities. The literature accentuates the economic agency of women as a crucial facet of
their overall empowerment. Cultural expressions, including dance and literature, emerge as potent tools
for women in Bengal to challenge societal norms. Works such as "Daughters of Desire" illuminate the role
of cultural dynamics in reshaping traditional narratives and asserting women's identities. The literature
portrays an evolving cultural landscape where women actively contribute to shaping and redefining
cultural identities. The dichotomy between urban and rural experiences for women in Bengal is a recurring

theme. Studies shed light on the unique challenges faced by rural women, intertwined with narratives of
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resilience and community empowerment. This urban-rural dynamic underscores the need for nuanced
approaches tailored to the specific contexts and challenges faced by women in diverse settings. The
exploration of gender-based violence reveals the intricate complexities surrounding this pervasive issue.
Scholars critically examine various forms of violence against women, emphasizing resistance and
navigation strategies. Initiatives like 'Swayam' are acknowledged for their tireless efforts in addressing
and combating gender-based violence. The literature advocates for continuous efforts to create a safer
environment and eradicate systemic issues contributing to violence against women. In the digital age,
technology serves as both an empowering tool and a source of challenges for women in Bengal. While
providing platforms for expression and entrepreneurship, technology also introduces new hurdles,
including online harassment. The literature emphasizes the importance of digital literacy initiatives to
enable women to leverage technology effectively while navigating potential risks. Exploration of
intersectionality delves into the impact of intersecting identities on women's experiences in Bengal. The
literature also examines the role of women-led social movements in challenging systemic inequalities and
advocating for policy changes. Understanding diverse and intersecting identities is deemed crucial, with
collective action playing a pivotal role in fostering social change. It recognizes strides in education and
economic participation while acknowledging persistent challenges. Women actively shape their narratives,
contributing to a broader discourse on gender, identity, and empowerment. Bengal's journey unfolds as a
testament to the resilience and agency of its women in navigating and influencing the multifaceted aspects

of their lives.
Challenges to Women in Present Bengal:

Women in present Bengal confront a spectrum of challenges, reflecting the complex interplay of tradition,
societal norms, and contemporary dynamics. These challenges, deeply rooted in historical legacies, hinder

the full realization of women's potential and necessitate concerted efforts for systemic change.

1. Gender-Based Violence: One of the most pervasive challenges faced by women in present Bengal
is gender-based violence. Despite legal advancements, incidents of domestic violence, sexual
assault, and harassment persist. The literature highlights the urgent need to address the deep-
seated cultural attitudes that perpetuate such violence and to enhance support systems for

Survivors.

2. Limited Access to Education: While there has been substantial progress in women's education,
disparities persist, particularly in rural areas. Socio-economic factors, coupled with traditional

gender roles, contribute to limited access to quality education for many women. Breaking down
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these barriers requires targeted initiatives to promote education and eradicate biases that hinder

girls' academic pursuits.

3. Economic Disparities: Women in Bengal face economic challenges, including wage gaps and
limited access to leadership roles. In both formal and informal sectors, gender-based pay
differentials persist, reflecting deeply ingrained biases. Empowering women economically
involves dismantling these biases, providing equal opportunities, and fostering an environment

where women can ascend to leadership positions.

4. Cultural Expectations and Stereotypes: Cultural expectations and stereotypes continue to shape
the lives of women in Bengal. Traditional gender roles cast women primarily in caregiving and
domestic roles, limiting their choices and opportunities. Overcoming these challenges necessitates
challenging and transforming societal expectations, fostering a culture that recognizes and values

diverse roles for women.

5. Limited Mobility and Autonomy: Despite strides in various fields, women's mobility and
autonomy are constrained by societal norms. Cultural expectations often restrict women's freedom
to move independently, limiting their participation in educational, professional, and social
spheres. Addressing this challenge requires a shift in societal attitudes and the creation of safer

spaces for women to assert their autonomy.

6. Healthcare Disparities: Access to healthcare remains a challenge for women in certain regions of
Bengal, particularly in rural areas. Barriers such as lack of awareness, socio-economic constraints,
and cultural norms contribute to disparities in healthcare utilization. Addressing these disparities
involves comprehensive healthcare initiatives, community awareness programs, and ensuring

healthcare facilities are accessible to all.

7. Digital Gender Divide: While technology presents opportunities, a digital gender divide persists.
Women in Bengal face challenges related to digital literacy, online harassment, and limited access
to technology. Bridging this divide requires targeted efforts to enhance digital literacy, create safe

online spaces, and ensure that women can fully leverage the potential of the digital age.

In confronting these challenges, women in present Bengal demonstrate resilience and determination.
Initiatives promoting gender equality, legal reforms, educational programs, and community-led
interventions are vital components of the ongoing efforts to create a more equitable and inclusive
environment. Breaking down these challenges requires collaborative endeavours involving government,

civil society, and communities to foster lasting change and empower women in all aspects of life.
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Overcoming Barriers to Women in Present Bengal:

Women in present Bengal are resilient agents of change, actively engaging with the challenges that have
historically hindered their progress. Overcoming these barriers requires a multi-faceted approach that
addresses societal norms, institutional biases, and systemic inequalities. Here, we explore the ways in

which women in Bengal are triumphing over challenges and carving paths towards empowerment.

1. Empowering Education Initiatives: Overcoming limited access to education, especially in rural
areas, involves targeted initiatives to promote and facilitate learning for girls and women.
Educational programs that address socio-economic barriers, provide scholarships, and enhance
awareness about the importance of education play a crucial role. Women-led organizations and

grassroots movements are actively involved in advocating for equal educational opportunities.

2. Economic Empowerment Programs: To address economic disparities, women in Bengal are
actively participating in economic empowerment programs. Entrepreneurship initiatives,
vocational training, and support for women-led businesses contribute to breaking down traditional
barriers. These endeavours focus on providing women with the skills and resources necessary to

navigate and thrive in diverse economic sectors.

3. Challenging Cultural Expectations: Women in Bengal are challenging cultural expectations and
stereotypes through various platforms. Art, literature, and cultural movements are instrumental in
reshaping narratives around gender roles. Women-led discussions and awareness campaigns aim
to debunk stereotypes, fostering a more inclusive cultural environment that recognizes and

celebrates the diverse roles women play.

4. Advocacy Against Gender-Based Violence: The fight against gender-based violence is a central
theme in the efforts to empower women. Organizations like ‘Swayam’ and advocacy groups work
tirelessly to create awareness, provide support for survivors, and challenge the cultural acceptance
of violence against women. Legal reforms and campaigns emphasizing zero tolerance for gender-

based violence are pivotal components of this collective endeavour.

5. Promoting Autonomy and Mobility: Initiatives promoting women’s autonomy and mobility are
gaining momentum. Women’s groups actively engage in discussions about the importance of
autonomy and challenge societal norms restricting movement. Creating safe spaces, advocating
for women’s right to travel freely, and encouraging women’s participation in public spaces

contribute to expanding their autonomy.
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6. Healthcare Access Initiatives: Addressing healthcare disparities involves community-based
healthcare initiatives and awareness programs. Women-led organizations collaborate with
healthcare professionals to bridge gaps in access, particularly in rural areas. Empowering women
with health education and promoting awareness of healthcare services contribute to overcoming

disparities in healthcare access.

7. Digital Literacy Campaigns: To bridge the digital gender divide, women in Bengal are actively
participating in digital literacy campaigns. These initiatives focus on providing women with the
skills to navigate the digital landscape, ensuring they can leverage technology for education,
entrepreneurship, and communication. Creating safe online spaces and combating online

harassment are integral aspects of these campaigns.

In overcoming barriers, women in present Bengal showcase a tenacity that reflects the changing dynamics
of the region. The collective efforts of individuals, community leaders, and organizations contribute to a
paradigm shift, where women actively shape their destinies and challenge entrenched inequalities. As
these initiatives gain momentum, they pave the way for a more inclusive and equitable Bengal, where the

potential of every woman is recognized and celebrated.
Conclusion:

The narrative of women in present Bengal unfolds as a dynamic interplay between tradition and
transformative endeavours. This exploration into the multifaceted experiences of women in the region,
spanning education, economic participation, cultural dynamics, urban-rural disparities, gender-based
violence, digital transformations, and social movements, reveals a complex yet inspiring tapestry of
resilience, progress, and aspirations. Women in Bengal are navigating a journey of empowerment marked
by overcoming historical challenges. Educational advancements stand out as a cornerstone, providing a
platform for economic independence and social agency. While disparities persist, initiatives promoting
education, particularly for girls in rural areas, underscore the collective commitment to breaking down
barriers and fostering a generation of educated, empowered women. Economic participation is undergoing
a paradigm shift, with women actively engaging across diverse sectors. Despite persistent challenges like
wage gaps and limited access to leadership roles, women-led entrepreneurship initiatives and vocational
training programs showcase the determination to shatter traditional economic norms. The economic
agency of women is emerging as a catalyst for societal change, challenging established gender-based
biases. Cultural dynamics play a pivotal role in reshaping the roles and identities of women in Bengal.

Cultural expressions, such as literature and dance, serve as powerful mediums for challenging stereotypes
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and redefining narratives. The evolving cultural landscape reflects the agency of women actively
contributing to shaping and redefining their cultural identities. The urban-rural dichotomy illuminates the
challenges faced by women in different settings. While rural women grapple with limited access to
resources and healthcare, narratives of resilience and community empowerment emerge. Bridging this gap
requires nuanced approaches tailored to the specific contexts and challenges faced by women in diverse
settings. The pervasive challenge of gender-based violence remains a critical focus for women in Bengal.
Advocacy groups and organizations like ‘Swayam’ tirelessly work towards creating awareness, providing
support for survivors, and challenging societal norms that perpetuate violence. The fight against gender-
based violence showcases a collective determination to create a safer and more just society. In the digital
age, women are actively participating in initiatives to bridge the digital gender divide. Digital literacy
campaigns and efforts to create safe online spaces reflect the adaptability of women to leverage
technology for education, entrepreneurship, and communication. Overcoming the challenges of online
harassment is an integral aspect of these initiatives. Intersectionality becomes a lens through which the
diverse experiences of women are examined. Social movements led by women challenge systemic
inequalities, advocating for policy changes and fostering collective action. Recognizing and addressing
intersecting identities is crucial for creating a more inclusive and equitable society. In conclusion, the
journey of women in present Bengal unfolds as a story of resilience, empowerment, and evolving
aspirations. While challenges persist, the collective efforts of individuals, communities, and organizations
are paving the way for a more inclusive and equitable Bengal. The agency of women in shaping their
destinies, challenging norms, and contributing to societal transformations signals a future where the

potential of every woman is acknowledged, celebrated, and integral to the progress of the region.
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Electronic Models and Theoretical Aspects of High-Temperature
Superconductivity (HTSC)

Md Sariul Haque*

ABSTRACT

The study of High temperature superconductors (HTSC) has gained interest after discovery of high T.
cuprates in La;xBaxCuO4 Bednorz and Muller in 1986. Many experiments were followed for design and
understanding of these materials. Theoretical progresses were also performed and it has remained a centre
of interest in solid state physics. In this brief review we discuss the various theoretical models for study

different properties of HTSC.
Introduction

One of physics' most remarkable phenomena, superconductivity, has been understood since 1911. When a
superconducting material is lowered to a relatively low critical temperature, superconductivity occurs. J.G
Bednorz and K. Alex Muller discovered something revolutionary in the science of superconductivity in
1986. They discovered that La,_,Ba,Cu0,, a particular type of layered copper-oxide perovskites,
demonstrated high-temperature superconductivity (HTSC). These materials' extraordinary quality made it
possible for them to reach a temperature of about 30 Kelvin (K) [1], which is much greater than that of
any superconductor that had been previously discovered. Several high-T, superconducting compounds
have been synthesized [2] since then, however as of right now, the compound HgBa,Ca>Cu3Os+s has the
greatest critical temperature, which is approximately 133K [3]. However, a many of the unusual properties
of these HTSC materials remain undiscovered. In HTSC materials such as La,«BaxCuQOs, the gap exhibits
d..y- symmetry and has a considerable angular dependence. Anisotropic behavior results from the precise
way that the superconducting electrons pair up. Above a certain critical temperature (Tc), HTSC materials
exhibit a phenomenon known as the pseudogap. The pseudogap appears in the single-particle excitation
spectrum of the metallic phase. Its existence is a clear departure from the predictions of the standard BCS
theory for superconductivity. The pseudogap could be related to phase fluctuations of the superconducting

order parameter [4].
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By partially replacing La with Sr, or doping La;CuQOs, one of the most well-known examples of HTSC
materials is obtained, yielding La,.«SryCuQs. A metallic phase is generally expected with x = 0, since there
are one or an odd number of electrons per unit cell. However, these HTSC cuprates undoped parent
compounds are anti-ferromagnetic (AF) Mott insulators. The superconducting phase appears when charge
carriers are added to the CuO, plates, causing the anti-ferromagnetic phase to disappear. It is now
commonly acknowledged that the symmetry of HTSC is in dyw.,» wave [5] and that the CuO» planes are
crucial in determining these materials physical properties. Angle-resolved photoemission spectroscopy
(ARPES) investigations clearly determined the aforementioned fact as well as the Fermi surface [6] is
form. As one electron band theory [7,8] anticipated, a true Fermi liquid phase with a well-developed huge

Fermi surface appears to occur in the overdoped regime.

The comprehension of the mechanisms underlying high-temperature superconductivity is largely
dependent on theoretical models. Different theoretical models have been proposed, but the traditional BCS
theory is unable to properly describe these novel kinds of superconductors. The behavior of high-Tc
superconductors has been studied using one-, two-, and three-band Hubbard models, according to
Hubbard Models. As explained by the t-J Model the properties of these materials can also be studied using
the t-J model, another theoretical framework. Interpreting experimental data becomes more difficult when
there are several interactions present, including charge density waves (CDW), spin-spin interaction,
electron-phonon interaction, and spin density waves (SDW). High-Tc¢ superconductor mechanisms may be
better understood by examining theories that combine pairing interactions in the presence of strong anti-

ferromagnetic correlations [9].

Based on the discourse presented here, it is evident that the topic remains open despite almost thirty years
of intense research. In order to gain a deeper understanding of these substances, scientists have been
compelled by the unusual features of cuprates to create new theoretical instruments and conduct more
complex and creative experiments. Scientists propose that unlike typical superconductors, these materials'
superconductivity is not caused by a single contact. To determine the impact of different interactions on
both the superconducting and normal phases of these materials, new experiments are conducted on them.
The Hubbard model and the t-J model with different interactions were examined theoretically in relation

to cuprates at half-filling or at optimal doping.

The traditional BCS theory of superconductivity relies heavily on the electron-phonon (EP) interaction. It
is the origin of the dynamical effect for pair formation as well as the effective attraction between the
electrons. On the other hand, strong electronic correlations are thought to be the primary source of

superconductivity in the unusual HTSC materials. Recent experimental findings, however, indicate that
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the electron-lattice interaction may have played a role in some of the pairing mechanisms of the HTSC
materials. High temperature superconductivity should predominantly result from strong coupling to many
phonon modes, according to experimental observations. The significance of EP interaction and strong e-e
correlation in cuprates and other high-Tc materials is reinforced by recent findings from inelastic

scattering and ARPES studies. Long-range Frohlich type EP contact has been proposed.

In this review we discuss the various models used for the study of the unusual properties of HTSC. Then

we discuss few properties of HT'SC obtained by studying these models.
Electronic Models

A key idea in quantum physics, the Hamiltonian describes the overall energy of a system. The
Hamiltonian is essential to comprehending the behavior of electrons in the CuO, planes of high-
temperature cuprates, which are copper oxide materials distinguished by their superconducting
characteristics. The investigation focuses on the unique movement of electrons inside the CuO- plates.
Atoms of copper (Cu) and oxygen (O) are organized in a lattice structure in these planes. Simplifications
are required because of the complex structure of these materials. Scientists use assumptions in order to
build a useful Hamiltonian that describes the fundamental physics of the CuO; planes. The strong Cu-O
bonds found within the CuO; planes provide justification for the notion that the Hamiltonian should be
restricted to these planes. The behavior of the electronic components is greatly influenced by these

linkages.
Three-band model

The electrical characteristics of high-temperature superconducting cuprates are explained theoretically by
the three-band model. The fundamental feature of the model is the copper oxide (CuO2) plane, which is
essential to cuprate superconductors. Three energy bands are taken into consideration within this plane,
each of which is connected to a distinct electronic state. These bands are the result of interactions between
the atoms of copper (Cu) and oxygen (O). We consider a simplified generic 2D crystal square lattice,
equivalent to CuO- planes, which, in each unit cell, has one copper and two oxygen atoms. It is necessary

to add extra layers to genuine materials in order to justify the 3D illusion.

In the undoped parent complex, the oxygen atom gains two electrons (one from copper and the other from
the charge reservoir) and is in the O* (2p6)valence state, while the in-plane copper atom loses one 4s
electron and one of the 3d electrons to transition to the valence state Cu?*(3d°). Cu 3d-orbitals and O 2p-

orbitals no longer have a degeneracy due to the crystal fields in the solid; instead, they tend to hybridize
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[2], as seen in Fig. 1.1. Then, the maximum energy single band consisting of one of the O 2p-orbitals and

the Cu dy,_y, orbital can explain the physics of the high-Tc cuprates.
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Figure 1.1: Level separation of O* and Cu’* ions. Only the Px, Py, and 3d Cu electron orbitals are taken

into account. The numbers in parenthesis indicate which levels in the undoped compound are occupied

[2].

The well-known antiferromagnetic (AF) Heisenberg model can be used to describe the effective
Hamiltonian for understanding HTSC. At exact half-filling (undoped scenario), the Cu** be the only 3d Cu

electron and behaves as a localized spin-1/2 on the CuO> plane.

H=J2<i, j> E,) ?J)
Where the summation > i, j < is over the nearest neighbor sites, S is spin operator at site i . Undoped CuO
compounds were initially highlighted by Anderson as Mott insulators [3]. The findings of x-ray absorption

experiments (XAS) and x-ray photoemission spectroscopy (XPS) demonstrated that undoped copper

oxides are charge-transfer insulators (CT), a particular kind of Mott insulator [4].
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104 Charge-transfer type insulator

Mott insulator

Figure 1.2: An illustration showing the distinction between Mott and charge-transfer type insulators.
Here, the level difference between the upper Hubbard band and the oxygen 2p level is denoted by A pq and

Uy is the on-site Coulomb repulsion on Cu sites.

In Fig. 1.2, the schematic diagram distinguishing the CT insulator from the Mott insulator is displayed. Uqg
is the onsite Coulomb repulsion on Cu sites and Apq -4 -€, where &; is the on-site energy level of copper
and &, is the energy level for oxygen. The system is a charge transfer insulator in cuprates, Uq is around
three times larger than the charge transfer gap Apq, and the holes are bonded to the Cu at half filling [4-6].
Since Coulomb resistance between holes strongly opposes double-occupancy of the Cuz dy,_y, orbital,

the extra holes prefer to settle onto the highest O-level upon doping. The Cu hole, which is the essential
component of HTSC, and this doped hole create a Zhang-Rice singlet [7].

Based on these concepts, Emery presented a three-band model [8] that includes the maximum oxygen 2p-
level, the Cu dx- y» orbital, and the on-site Coulomb repulsions. The three-band Hubbard model, often

known as the matching Hamiltonian, can be expressed as

_ d p d._d

H = -ty Xeijs(0f di + hc) ~typ Xejjs@fpjdi +hc) +eaXin + +epXyn) + UgZinjinf +
p P d.,p

Up X n;y gy + Ugy Y<ij> Ny n;

In this case, annihilation operators at the copper ions at site i , are represented by the symbol d;, and
fermion operators that eliminate holes at the oxygen ions labeled j are represented by p;. The nearest
neighbor Cu-O pairs are denoted by<i,j> . The hopping terms, roughly proportional to the overlap
between Cu and O orbitals, correspond to the hybridization among nearest neighbor Cu and O atoms. t,
represents the direct hopping amplitude between O-O atoms. Ug and U , are on-site repulsions (positive)
between holes when they are in the same d and p orbitals respectively. Ugp, is the Coulomb interaction
strength between two holes occupying adjacent Cu-O ions. Due to the screening effect by the finite

density of electrons, interactions at longer distances are minimal.
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One-Band Models

Even with today's computer capabilities, it is challenging to investigate the three band Hubbard model due

to its many parameters and high number of states (for N sites, 4N basis states).
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Figure 1.3: Doping scheme for a charge-transfer CuQ: plane. While electron doping goes into the upper
Hubbard band, hole doping moves the Fermi level into the charge transfer band [10].

The three-band Hubbard Model was simplified into a "t-J] model" by Zhang and Rice (1988) by taking the
following points into account. A Cu ion is encircled by four oxygen atoms in HTSC materials. In relation
to the central hole at the copper ion, an oxygen hole can be either singlet (symmetric) or triplet
(antisymmetric). They made the assumption that solving the problem in the singlet subspace, or lowest
energy state, is permissible without altering the "physics" of the situation [7]. A spin singlet state centered
at the copper has then taken the position of the hole that was first made at the oxygen. This can be
interpreted as removing one copper spin Y2 from the square lattice of copper spins. As a result, the

effective model lacks oxygen ions and matches spin and holes on the 2D square lattice.

The three-band Hubbard Model was simplified to a "t-J] model" by Zhang and Rice (1988) based on the
following arguments: in HTSC materials, a Cu ion is surrounded by four oxygen atoms; a hole at oxygen
can be in a singlet (symmetric) or triplet (antisymmetric) state with respect to the central hole at the
copper ion; they assumed that working in the singlet subspace, which is the lowest energy state, is
acceptable without changing the "physics" of the problem [7]. Afterward, the hole that was initially placed
at the oxygen has been substituted by spin singlet state centered at the copper. This is the same as
removing one copper spin %2, from the square lattice of copper spins. As a result, the effective model does

not include oxygen ions and instead corresponds to spin and holes on the 2D square lattice.
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After a few computations, the effective Hamiltonian for the three-band Hubbard model also known as the

"t-J model" is obtained.
—_— 1
H=JY<j> [55/ - ;ninj] —t i jsolco(1 —n_)(1 = ni_g)ce + H.c.]

In a two-dimensional square lattice, the Si's represent the spin Y4 operators at site i, and J represents the AF
coupling between the nearest neighbor sites . The electrons can move without changing their spin thanks

to the hopping concept. Double occupancy is not included by the projector operator (1 -n_,).

Theorists have investigated the more general one-band Hubbard model in great detail [11], primarily in
the strong coupling limit, in addition to the t-J and the three-band Hubbard model.
The definition of this model is

H=-t Z<i,j>,0’[c,‘gc’_‘]‘0' + H. C'] +U Zl n,Tn]l

When a square lattice with spin ¢ has an electron created at site i by the fermionic operator c;;, as is

customary. t is the hopping amplitude, and U is the repulsive interaction that occurs on-site.
Results of different calculations of hubbard model

Numerous numerical investigations indicate that the fundamental HTSC phenomena are exhibited by the
2D Hubbard model. The existence of long range AF order in the ground state of the Hubbard model at half
filling is known to be caused by the super exchange interaction U [19, 35]. Short-range AF correlations
appear when doping causes the AF order to be quickly destroyed. The AF order was totally disrupted at

quarter fills [20], and the systems seem to be Fermi liquids.

According to A. Moreo [36], the magnetic susceptibility for U/t=4.0 reaches its maximum at half filling
and then falls with doping. On the other hand, the susceptibility rises with hole doping at U/t=10.0 (figure
2.1) and close to 50% filling [18]. For the two sub-lattices, spin-spin correlation calculations for the NxN
Hubbard model at half fills exhibit AF behavior with distinct signs [21]. The scientists used the diagram
technique, which is appropriate for high electron correlations, to investigate the magnetic susceptibility of
the 2D repulsive Hubbard model. They found that the staggered susceptibility diverged with decreasing
temperature, confirming the emergence of the long-range AF order. No evidence of ferromagnetic
correlations is seen in the range of electron concentrations taken into consideration, which is 0.8 <fi < 1.2
for the repulsion parameters 8|t < U < 16Jt |. This range is consistent with the earlier Monte Carlo

findings. When U/|t| and |1—a| are larger than 0.2, the NN correlations turn ferromagnetic. [22].
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Figure 2.1: (a) A 4x4 lattice with uniform magnetic susceptibility for varying U/t as a function of
temperature at 50% filling. (b) For a 4x4 lattice with U/t=4.0, uniform magnetic susceptibility as a
function of density at temperature 0.25 (c) At temperature 0.25 on a 4x4 lattice, uniform magnetic

susceptibility as a function of density for U/t=10 [17].

For various cluster geometries and fillings, the magnetic characteristics of the Hubbard model in one, two,
three, and infinite dimensions have been investigated. When both on-site and nearest neighbor repulsive
interactions are much larger than the hopping terms, it has been demonstrated that a stabilized
ferromagnetic ground state is formed at and away from quarter filling for one-dimensional trestle lattice in
an extended Hubbard model through a third-order electron exchange process around a triangle [23].
Additionally taken into consideration are the general susceptibilities at zero temperature in the half-filled

Hubbard model in infinite dimensions surrounding the metal-to-insulator transition.

The 2D Hubbard model's superconducting gap structure proves that superconductivity results from the
exchange of collective electronic fluctuations with a magnetic cause that occur at relatively low
frequencies [25]. The NNN hopping t' is crucial to the conflict between superconductivity and

antiferromagnetism. A significant pairing gap is also produced by it [27].

It has been suggested that superconductivity and d-wave symmetry can be observed in the half-filled 2D
Hubbard model when NNN hopping is included. Even even above the superconducting transition
temperature, there are indications that pairing fluctuation predominates in the normal-conducting state
[28]. A two-dimensional square lattice of elemental 2 x 2 plaquettes with NN hopping t and on-site
repulsion U connected by an inter-plaquettes hopping t' < t is used to examine the determinant QMC of
the Hubbard model. The results show that for U/t=4.0, the pairing vertex is most attractive for t'/t = 0.4.
With increasing U/t, the ideal t '/t grows [29].
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On a square lattice, the stability of the 2D t-t" Hubbard model has been investigated [30] for a range of
NNN hopping t' and electron concentration values. We witness several phases, some of which have an
order parameter with a large number of nodes in k-space. Antiferromagnetism, dy».y>-wave singlet
superconductivity, flux phase, and d-wave Pomeranchuk instability are the ordered phases that have been
seen. Additionally, a number of instabilities have been found, including a g-wave Pomeranchuk
instability, a band splitting phase with p -wave character, a triplet analog of the flux phase, a particle-hole

instability with p-type symmetry in the triplet channel, and a magnetic phase.
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Figure 2.2: The dominant pairing symmetry is displayed in the U—n phase diagram; for n=0.4, U=2t, it is

too near to determine which instability is greatest [26].

At low temperatures and doping away from halffilling, the emergence of a striped phase [17], pseudogap
regime [31, 32], and D-wave pairing [24] have been noted. The expanded Hubbard model's real-space
Hartree-Fock coputations demonstrate that NNN (t') hopping prevents the development of static charge
stripes. It has been suggested that whilst abnormally tiny t" values provide an additional explanation for
the emergence of static stripes in LSCO, large t' values in YBCO inhibit the creation of static stripes [33].
Charge stripe phases have been demonstrated to be promoted by positive t' and repressed by negative t’

[34].

162



CONSCIENTIA ISSN: 2278-6554 Vol. Xl December 2023

Conclusion

The physics of HTSC seem to be confined in the CuO; Plane of the cuprates. Three band Hubbard model
and one band model has been proposed to study essential physics of these cuprates. However well-known

Hubbard and t-J model has been studied most for extracting the physics of HTSC.
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Moving towards a Cultural Landscape as a resort to save the
natural milieu — In thelight of the ecological insights of

Mahatma Gandhi

Shampa Dutta*

ABSTRACT

Ecology of natural science and development in their true sense, imply designing strategies for natural
resource management by linking environmental and allied developmental activities with more social and
humanitarian processes. It is in these contexts, that we need to go through a series of reconciliations for
sustainable development of our biosphere and one obvious way is to reconcile between ecology,
economics and ethics and connect the broken links between them. Mohandas Karamchand Gandhi, being
the custodian of global human welfare, came up with his deliberations where human were seen as a part of
the ecosystem functioning. Gandhiji’s thoughts have been visualized as ancient endeavors to recognize a
paradigm shift in ecology, even before the concept of ‘sustainable development’ got popularized amongst
the masses and entered the ecological dictionary. The purpose of this work being simple yet solicitous, has
been to show the pathways of new social ethics to be inculcated by the existing and the upcoming
generations, leaning on Gandhiji’s insights, so that they can realize the concern for environment, for not
only the professional development but also for the personal growth and peaceful coexistence. Thus, this
paper highlights the pertinence in addressing the contemporary ecological and developmental challenges
by depending on and re-examining Gandhiji's imminence. It tries to put forward a holistic paradigm

integrating ethical considerations with practical strategies for a more enlightened future.

Mahatma Gandbhi's philosophy of simplicity, self-sufficiency, and harmony with nature formed the
bedrock of his environmental outlook. Repeated readings of these aspects of Gandhiji from books in
access as well as the internet have helped in my compilation of ideas and thereby highlight the
interconnectedness of all life forms as advocated by Mahatma Gandhi for a balanced coexistence between

humanity and the environment. Gandhiji's critique of unchecked industrialization, consumerism, and
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exploitation of natural resources underscores the need for responsible and ethical development and these

have been the focus of my exercise, being undertaken at present.

Key words: Sustainable development, ecology, natural resource management, paradigm shift, holistic

approach, Sarvodaya, cultural landscape

Introduction

The concept of sustainable development first articulated by the World Commission on Environment
in 1987 through the well-known Brundtland Report™™ reveals a shift in our thinking on the concept of
economic development, which had so far assumed that natural resources are inexhaustible and are
available to be exploited for human welfare. Sustainable development is now seen as that process of
development which meet the needs of the present generation without compromising the ability of future

generations to meet their own needs.

Munasinghe® in 1994 opined that, Sustainable development may be described as a process for
improving the range of opportunities that will enable individual human beings and communities in
achieving their desires and full prospective over a continued span of time, maintaining the pliability of
socio-economic and environmental systems. This concept has evolved to encompass three major points

of view: economic, social and environmental.

Each and every opinion relates to a sphere (and a system) that has its own specific motivating
forcesand directives. The economy is geared mainly towards improving the welfare of the humans,
through the increase in the utilization of goods and services. The environmental domain focuses on
protection of the reliability and resilience of ecological systems. The social domain focuses on the
fortification of human relationships and achievement of individual and group targets. In other words,
sustainabledevelopment requires increase both in adaptive capacity and in opportunities for advancement
of economic, social and ecological systems (Gunderson and Holling 2001)®. Improving adjustive

capacity will increase buoyancy and sustainability.

Global change (involving climate change, biological invasion, land use and biodiversity depletion)
has triggered this shift in paradigm on economic development linked to sustainable natural resource
management. Depending upon the kind of global change issues with which the society is trying to cope
up with, the problem of sustainability takes different meanings. The issues to be resolved such as global
warming due to green house effect, acidification of soil and water, decline in the quality of air, soil and

water, wild exploitation of natural resources, drastic changes in the land use, land cover through over
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exploitation of natural resources leading to desertification of landscapes are dangerous for mankind. All
these predicaments demand a variety of additional and alternative pathways for development. Further
depending upon the disciplinary emphasis of the individual concerned with developmental issues,
sustainability assumes diverse meaning. Thus issues relevant to conservation of natural resources have to
be addressed differently, depending upon the ecological, socio-economic and cultural framework in
which one is operating. Indeed global change has become the catchword in recent times but with
different implications for the developed and developing worlds. This arises out of this great divide

between the two worlds in terms of social-economic and ecological ethos.

Traditionally all societies have strong cultural correlations with nature and natural resources. This
trend still remains for many traditional societies as part of their lifeline, and today there is an increased
awareness in the world about the state of our environment caused by overexploitation of natural
resources for economic development. In the developing world, resource exploitation is largely due to
meeting the basic needs of food, shelter, fodder, fuel wood for large section of deprived societies. On the
other hand, in developed counties maintenance and acceleration of the already very high levels of
resource consumption are prime concerns, blessed as they are with the early initiative taken and
advantage gained through industrialization. Natural resources are often viewed as in ample by the
industrialized world because of the development and faith in technology providing substitute for the
natural resource capital. Natural resource management thus acquires specific importance in resource
rich areas still left under exploited. This is also applicable for the developing tropics where the long-

established social setups still exist.

Undoubtedly economic development is the most important marker of a country’s growth and to
achieve this developing and developed countries are unreasonably exploiting the natural resources
without an understanding of how and what to utilize. If correct balance is struck between the usage of

resources and the availability of resources, then the veracity of the planet could be managed well.

Linking Gandhiji and sustainability may seem like a stylish device at first glance. However, if
sustainability is considered in a holistic way, more as a transformation of man—environment relations as
well as of social and economic structures, this image changes. If one also takes seriously that Mahatma
Gandhi’s understanding of non-violence does not only include the avoidance of physical violence, but a
fundamental attitude in different spheres of life, such as economy or the use of technology, it becomes
clear that sustainability, as it is currently being upheld by the United Nations in Agenda 2030, and
Gandhi’s concept of satyagraha practice mystically, the identical goals® .This is why and how we

remain indebted to this Man for years after years. Without a Gandhian analysis and reformation of the
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ideological and foundational underpinnings of sustainable development, the Sustainable Development
Goals cannot be easily realized. Gandhi’s emotion and writings on sustainability are calm and extremely
judicious. It has been acknowledged by ecologists that Gandhian insights serve as a guide to

understanding the environmental concerns from an apt perspective.

Gandhi's perception of development and environmental resilience

In Mahatma Gandhi's opinion®, in any design of development, man should be at the centre point.
He hasto make a sensible use of natural resources so that the ecological balance should not be disturbed.
It places more emphasis on moral and ethical accountability of the individual at the personal, social,

national and universal level.

Gandhi believed in ‘Sarvodaya’ and therefore the welfare of all was the basis of his thinking; hence
his community centered approach towards sustainability emphasized on 'betterment of human life' and
'ensuring accomplishment of basic needs of all human needs'. Gandhi was an economist but for the
masses and an preservationist without any ordered model. Although he did not give a stipulated model
of environmental conservation and sustainable development, connecting all his thoughts together, we get

his logically built up environmentally sustainable development illustration.

Gandhi recommended for decentralization of power in society. His trusteeship concept being
Sarvodaya, every member of the society is the custodian of the wealth generated out of the joint efforts
of all. Thus, it denies individual pursuit and collection of wealth and converts it into community wealth
of all for a better society. He expected that the trusteeship will result into non-violent and non-
exploitative socio-economic relations and development frameworks, based on production systems,

centering on the preservation of nature ©,

Gandhiji’s sustainable development is based on a holistic paradigm which lays stress on all round
development of individual and society in relation with nature. This entire thinking was based upon the
ethical visualization in which the individual is at a central position. A smart shift from the consumer

society to the Conserver Society seems to be the claim of modern age.

Sustainable development is an ideology, drawn at the global level, showing human beings are
interrelated to each other and with the ecosphere. It is a movement as it suggests a way of life which
involves the active participation of all the people of the society. Self-help, self-reliance, decentralization
of industries and labour-intensive technology;are the qualitative goals of satisfying meaningful life.

This is quite reflective of what the present scenario and government lays stress on.
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Gandhi wrote in the first decade of 20th century in 'Hind Swaraj'” that a persistent quest for
material goods and services and a corresponding civilization driven by endless wants is 'Satanic' and
rather redesigned and redefined civilization in terms of the preferences of duties; adherence to moralities
and exercise of restrain', thus limiting greed. As aptly Gandhi remarked’ Earth has enough resources for
everybody's needs and not for anybody's greed." Harmonious existence of mankind and nature

presupposes an approach based on equity and justice and coexistence of all cultures and civilization.

Looking at the Dandi Yatra launched by Gandhiji, from the independence struggle point of view, its
broader objective was of freeing the world from the gruesome greed of materialism. This action along
with his opinion that the mother Earth has enough resources in store to fulfill everybody's needs but not

for anybody's unnecessary greed, has eternal lasting impact on the minds of the world.

Once during the struggle for independence, drought was experienced in the Kathiawar district.
Knowing that planting of trees on a large scale can be an effectual step to face water crisis, Gandhi
asked for plantation of trees. At a prayer meeting in Delhi in 1947, he suggested that water harvesting
has to be practiced for irrigational purposes to avoid calamities such as famines and food shortages.
Startlingly the same was suggested by the Committee headed by M. S. Swaminathan in the year 2006.

This means that Gandhi was much forward of his time.

The above instances are eye-openers to the fact that sustainable development is a combination of
economic and ecological ideas-Socio-economical, political and ecological concepts are put together to
solve environmental crises. At the ecological level, it is calculated as a science dealing with organized

relation between plants and animals with their habitat and environment.

Sustainable development which is a movement and just not an ideology is visualization with
revelation of the truth behind a falsified world. As an ideology it has drawn our attention to the global
responsibility indicating that human beings are unified with the ecosphere. As a movement, it suggests a

way of life and calls for active participation of all the stakeholders of the society.

Revelations to save the Environment

In globalization, when the general tendency is towards the creation and accumulation of wealth, there are
calls for a need to change our approach towards this creation. We need a changed impression of the
economic order based on Gandhi's concept of gratification and control of wants. We need to change

our outlook and approach towards accommodating one and all for making this earth a suitable living
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place for all. We need to change the methods of creation of wealth through fairer means that will not

endanger nature.

Gandhi emphasized that creation of wealth through justified means and without putting sustainable
development at stake. His ideas are piously orientated and is a holistic approach leaning towards

creation of an all-inclusive nature.

Conservation and sustainable development are closely interlinked, in that one cannot be achieved at
the expense of the other. From a human angle such an integrated approach demands satisfying human
needs in an equitable manner, maintenance and promotion of social, cultural and biological diversity, and
ecological integrity of the system. Harmony with nature implies that development cannot be sectoral, it
has to be holistic. Holistic approach also implies that the entire actor concerned with development
namely the government agencies, non-governmental organizations, scientists and indeed the beneficiary
local communities, all have to work together through appropriate institutional mechanisms. Further
sustainable development demands efficiency in resource use in such a manner that contributes to equity
with social justice, at the same time avoiding social disruptions. This again involves strong community

participation.

Indeed, we are passing through a transitional phase. In the context of rural development, land use,
animal husbandry and the domestic sectors have to be looked at as an integrated whole for a given
village. On the science and technology front, the rapid decline in the availability of fossil fuels will mean
transition from the non-renewable energy sources to renewable energy sources with profound
consequences on global ecology. With the realization that human development depends upon a strong
mind-body inter- connection, on the social front, the emphasis is now upon sustainable use of natural

resources, ratherthan its exploitative use.

A gradual change in the value system and cultural values though slow, has already been a stated
happening. The traditional wisdom, embedded in the concept of sacred species, ecosystems and
landscapes, and its revivalism in the contemporary context of biodiversity conservation is something to
be taken note of. A greater appreciation of the interconnectedness leading to an organic and ecological

world view, akin to the views of the ancient seers is emerging.

For a changed perspective to emerge, the need is to reconcile between the three E’s - ecology,
economics and ethics, otherwise there is every chance to fall prey to anthropocentric thinking that has
been the bane of traditional ecological paradigm which dominated the Earth once. Gandhi, a Man with

Mahan Atma has said ‘The path is the goal’, and it was needed to start with ourselves so that future
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generations do not blame us. This sums up what that emerging ecological paradigm and the non-violent

ecological economics is all about.

The universal acceptance of market reforms based on demand and supply which primarily focus on
'Survival of the fittest' is opposing to Gandhi's attitude of making everyone fit to survive in this world.
Change is inevitable but it is necessary to know, for what to change, to what extent to change and what
be the price to be paid to bring this change. Indiscriminate changes could bring in disastrous
consequences. Unless the feelings and aspirations of all are taken care of, there cannot be permanent

peace and contentment.

Even after so many years, Gandhiji's beliefs continue to be inspiring for India as also the rest of the
world. His political accomplishments gave us independence. Prof Herbert Girardet® in his book,
"Surviving the Century: Facing the Climate Chaos' gives the concept of 'Earth community' and while
doing so he leaned on to Mahatma's words: "Earth has enough resources for everybody's needs and not
for anybody's greed." Even the Time Magazine in 2007 came out with 51 Global Warming Survival
Guides. The 51st guide is/ sharing more and consuming less for a easy and simplified life. It teaches us
to live simply and make room for others to live simply and happily and asks for man to be more with an
optimistic mindset. Mahatma Gandhi Institute of Education for Peace and Sustainable Development was
established in New Delhi, in the year 2012 as integral part of United Nation’s UNESCO, likely to
promote peaceful and sustainable communities via education for peace, sustainable development, and

global citizenship.

Conclusion

A repeatedly asked question is whether people are looking for a standardized single developmental
pathway for meeting with their immediate aspirations for an improved quality of living, to which the
optimistic answer that is likely to emerge out of the pertinent disclosure of Gandhi’s perspectives is that
the discussions on sustainable management of natural and human —managed ecosystems have to be
tailor-made to value system that the local communities can understand and appreciate and therefore can
participate in the process of development. Having so empowered, these societies can then move along a
trajectory for development which is in harmony with the given socio-ecological system that they chose
for themselves. Such an approach would then become the basis for sustainable landscape management.
Such a developmental paradigm implies connecting the ecological with social, economic, cultural and
above all humanitarian dimensions to ultimately create a ‘cultural landscape’, that a given society

dreams to have and that they can connect with. The aim is now to rediscover the flow of value system to
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the extent possible, or even construct it a new, under changed socio-ecological circumstances. The
objective in all these efforts should be to strike the right balance between cultural diversity linked to
organic diversity .Such an approach alone can perhaps contribute towards larger ‘global human security’
wherein an atmosphere in parity with the dream world as envisioned by Gandhiji can be crafted,
where in primacy to human efforts governing their complex social and economic interactions, be

given.

When asked about our past days, still we remember of some of the finer moments that our parents
have tried to provide us amidst a more congenial environment. This realization at the same time makes us
feel ashamed that we still belong to a generation, which is responsible for the damage caused to the
environment or at least ignoring all the alarming signals. Needless to say that if the future is not realizable
enough to understand the impending crises, is the world sure to face an upheaval that may lead to the
perishing of a civilization. Therefore situating Gandhi securely in discussions on environment is
appropriate and significant at this juncture and that has been the motto behind me, embarking upon this

work.
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Strong bi-semilattice of Seminearrings

Tuhin Manna”

ABSTRACT

An attempt has been made to obtain some sort of analogue of structure theorem of Clifford semigroups
i.e., “A semigroup is Clifford if and only if it is strong semilattice of groups” in the setting of
seminearrings. To accomplish this the notion of strong bi-semilattice of seminearrings has been
introduced. Then those left (right) Clifford seminearrings, which are strong bi-semilattice of near-

rings (zero-symmetric near-rings) have been character- ized.

Key Words and Phrases: left (right) Clifford seminearrings, strong bi-semilattice of near-

rings.

1 Introduction

Seminearring is a natural generalization of semiring as well as of near-ring. A semiring without
one distributive property becomes a seminearring and a near-ring without the existence of additive
inverse becomes a seminearring. Following Weinert [14] we call (S, +, .) is a seminearring if (1) (S,
+) is a semigroup (not necessarily commutative), (2) (S, .) is a semigroup (not necessarily
commutative), (3) (¢ + b).c = a.c + b.c for all a, b, ¢ € S (“right distributive law”). A (right)
seminearrings (S, +, .) is said to be with zero if 0 is the additive identity of .S and 0 satisfies the
property 0.a = 0. A seminearring S is said to be zero-symmeric if S is a seminearring with 0 in
which 5.0 = 0 for each s € S. The seminearring considered in [3] was zero-symmetric. But
throughout this paper, unless mentioned otherwise, the seminearring need not have to be with zero.
Though the theory of seminearrings has not been as developed as that of semirings but it has a
sustained research interest which is evident from good many publications such as [1], [3], [10], [11],

[14], [15] and [16].
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Semirings occur naturally as the (semigroup) endomorphisms of additively commutative
semigroups and near-rings occur naturally as the set of all self-maps of additive groups. In a similar
way seminearrigs occur naturally as M (S), the set of all self-maps of an additive semigroup S.
Though the natural seminearring M (S) is not additively regular for an arbitrary additive semigroup S
but it is so if and only if S is additively regular semigroup (cf. Proposition 2.4 of [12]). Thus, there are

plenty of additively regular seminearrings.

The study of additively regular seminearring initiated in [12] and continued in [4]. One nice aspect of
studying additively regular seminearrings is to obtain semigroup theoretic analogues. In this connection
it may be recalled that there are some important structure theorems, in general for regular semigroups, in
particular for completely regular semi- groups and for Clifford semigroups. In [4] while studying
additively completely regular seminearrings the authors obtain a characterization of a left (right)
completely regular seminearring as a bi-semilattice! of left (right) completely simple seminearrings (cf:
The- orems 2.23 and 2.24 of [4]) which is the semigroup theoretic analogue of “A semigroup is
completely regular if and only if it is a semilattice of completely simple semigroups”. They also
obtained a characterization of left (right) Clifford seminearring as a distributive lattice of near-rings
(zero-symmetric near-rings) (c¢f. Theorems 3.13, and 3.14) which is the semigroup theoretic
analogue of “A semigroup is Clifford if and only if it is a semi- lattice of groups”. But they did
not obtain the characterization of left (right) Clifford seminearrings either as strong bi-semilattice of
near-rings (zero-symmetric near-rings) or as strong distributive lattice of near-rings (zero-symmetric
near-rings) which is the semi- group theoretic analogue of “A semigroup is Clifford if and only if it

is strong semilattice of groups” (¢f. Concluding remark of [4]).

The main purpose of the present paper is to make an attempt to complete the unfinished work of [4]
as mentioned above. In this direction the notion of strong bi-semilattice of seminearrings has been
introduced, by adopting the concept of strong b-lattice of semirings [13]. Then a characterizations of
left (right) Clifford seminearrings which are strong bi-semilattice of near-rings (zero-symmetric

near-rings) has been obtained.

2 Strong bi-semilattice of Seminearrings

Definition 2.1. [4] A seminearring (S, +, *) is said to be a left Clifford seminearring (right

Clifford seminearring) if it satisfies the following conditions:

(A) S is a left completely regular seminearring (resp. (4) S is a right completely regular
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seminearring) and

(B) the addative idempotents of S commute additively with each other.

Definition 2.2. [4] A congruence p on a seminearring (S, +, -) is said to be a bi-semilattice"

congruence on S if the factor seminearring S/p becomes a bisemilattice.

Definition 2.3. [4] A seminearring (S, +, -) is called a bi-semilattice T of seminearrings S(i € T

) if S admits of a bi-semilattice congruence £ such that 7" = S/ with each S; a f-class.
Notations 2.4. Throughout this paper, unless mentioned otherwise,

(i) for a seminear-ring S, E(S) denotes the set of all additive idempotents;

(ii) L", R", H" and J* denote the Green’s relations L, R, Hand J on the semigroup (S, +), the

additive reduct of the seminear-ring S;
(iii) in a seminearring S, L.*, R.", Ha" and J," denote the L*, R*, H" and J* classes
of a € S, respectively;

Definition 2.5. [8] A near-ring is a set N together with two binary operations ‘+’ and ‘-’ such

that
(1) (o, +) is a group (not necessarily abelian),
(2) (N, ) is a semigroup (not necessarily commutative), and
(3) forall a,b,c €N, (a+b):-c=a-c+b-c (‘right distributive law’).

Definition 2.6. Let T be bi-semilattice and {S, : a € T } be a family of pairwise disjoint
seminearrings which are indexed by the elements of T. For each o < f#in T, we now define a

seminearring monomorphism ¢,z : S, — Sp satisfying the following conditions:
(1) ¢oa=Isy , where Is, denotes the identity mapping on S,

(2) ¢ﬂ,V¢aﬁ = ¢a,V> lf a Sﬂ S)’,

(3) b0 ySatbpsSp S PuppSap, if a+ B <.

11 Bi-semilattice is a suitable substitute of semilattice in the setting of seminearring.
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On S =U S, we define addition @ and multiplication (O as follows:
(4) a ®b = dpoorpa+ dpapb

and
(5) a ©b = ¢ € Sy such that geguipc = douipa * dpaipb

where a €S, b € Ss. We denote the above system by S =< T, S, ¢, > and call it the Strong bi-

semilattice 7 of the seminearrings S, a € T'.

Theorem 2.7. With the same notation as in Definition 2.6, the system S =< T, Si, o >

is a seminearring.

Proof- We first show that the operation of multiplication defined above is well defined. For this
purpose, we let a € S, and b € S with a, f# € T. Then by (3) of Definition 2.6, there exists an
element ¢ € Sy satisfying (5) and the uniqueness of the element follows directly from the injectivity
of the function ¢us.5. We now check the associativity of the addition. For this purpose, we let a

€S, bESpand c €S, with o, f,y ET.
a®BbDc) = aD(Pppb+ dypc)
= Pa,atpryd + $pry,atfry (BB pryb + by pryc)

Po,a+f+yd + BB.at+p+yb + by otptyc

and
(@aDb)Dc = (daapa+dposb) De
= dat+p at+pt+y(Ba,a+pa+ ¢p at+pb) + ¢y a+ptyc
Pa,a+f+ya + B, at+f+yb + Py atf+yc.
Therefore

a@b®o)=(Db D
Now to check the multiplicative associativity, let a € S,, b € Sp and ¢ € S, with
o,ByET. Letx=a@®band d=x O c=(a ©b) ®Oc. Then by definition we have

¢(x/)’,(x+/i’x = ¢(x,a+/j’a : ¢/j’,a+ﬂb. ......................... (11)
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and
Papraprd = PapapaX * PrapyCeeneneeeinininieiienenn, (1.2).
In (1.1) applying @eu+pa+p+, to both side of it
PapapX = Goorpryd * Pparpipb. oo (1.3)
and applying @up+),ap+, to both side of (1.2)
¢aﬁy, a+ﬁ+yd = ¢aﬁ’, atftyx ¢y,a+ﬁ+yc
Baatpiy@ * PBotpivD = PratpryCe cvveeereierererireeeieeene, (1.4) [using (1.3)].
Againlet y=bOcande=a Oy =a O (b Oc). Then by definition,
By sty = PppsD * PrpeyCe e (1.5)
and
apy,atpy = Paatppld * PhratBp «oeeeeeeererereereereenenns (1.6).
In (1.5) applying ¢p+),ap+, to both side,

¢/iy,a+ﬁ+yy = ¢ﬁ,a+ﬁ+yb ’ ¢y,a+ﬁ+yC. .................................. (17)

and applying @o+p,q+p+, to both side of (1.6)

Pafy,atptye = Pa,otptya  Ppyatftyy
bo,o+f+ya - OB, o+pyb - ¢y,at+p+yc [using (1.7)]

¢aﬂy,a+ﬂ+~yd [from (1.4)].

(i) Since the mapping @os,q15+, is injective, we have e =d, i.e.,
aOQb0O)=(@0db) Oc
(ii) Finally to prove the right distributivity of the seminearring S, let a € S,, b € Sp and

(iii) c €S, with o, B,y ET. Let
(iv) d=(a®b) Oc=(Paapa+ dpasb) Oc.

(v) Then by definition

(vi) Patpypotpryd = batpotpry(Po,a+pa T ¢pa+pb) - bya+pryc
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(vii) = (Potp,at+f+y (Da,a+pa) + Po+p,at+f+y (94,a+5D)) * Py,atf+yc

(viii) = (Po,o+p+ya + @B a+p+yb) - by, at+p+yc

5 N =
Boatpy@ * PyarpiyC T PRotfrpD D arBryC. vt (1.8)

(x) [using right distributivity of seminearring Su:s+,].
Let e=a Oc and f= b Oc. Then by definition
Papotr€ = Poary@ = ProtyCeeveneneinineinennne (1.9)
and

Opyprf = PBpyD * PypiyCenniariaiiiiiiiiieieeiens (1.10).

Applying ¢aryqip+y in both side of (1.9), we get
Doypatfrr€ = Paatfir@ * PpotpryCenecnerneiiiiieiieineenenn, (1.11)
and applying @g+,qp+y in both side of (1.10) we get
Oprorprf = PparprD * PpatfryCe covvveiiiiiiiiiiiiiiinns (1.12).
Using above two results in (1.8) we get
¢(a+ﬂ)y, a+ﬂ+yd = ¢ay, o+p+ye T ¢ﬁy,a+ﬁ—|—yf -------- (1.13).
Now
e DS = bay,ay+pye + Sy, artpy
Applying @p).q:p both side we get,
Potpyy,atprye DS = dayatprye + Py atpyf
= @atpyapryd [using (1.13)].

Since ¢wipy.atpry 1S injective, d = e @ f whence

@®b)Oc=aOQcPbOec

Example 2.8. Let N be a zero symmetric near-ring and L be a distributive lattice.Let S= N x
L be the seminearring direct product of N x L.Then this is a strong distributive lattice of near-
rings.
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Lemma 2.9. Let S be a bisemilattice L of near rings No(a € L). Then
(1) a+ b € Ny whenever a <f, a €N, b € Ny
(2) 0.+ 0s= 0z whenever o. <p;
(3) 0405 =0
Proof. (1) Let a € N, and b € Ny where a, f € L with a <f. Then a H" a and » H' . Since H*
is a congruence on S, (a +b) H (a + ), whence (a+b) H' f (+ a <f). Thus a + b € Np.
(2) It follows from the previous part that 0, + 0z € Np.
Now, 0s + 0p + 0, + 05 = 0, + 0p (= (S,+) is clifford). So 0, + 05 € Ng N E*(S) whence 0, +
0p = 0p.
(3) Clearly 0,0z € Ny. Now, 0, - 0 = (0, + 0,) - 05 = 0, - 0+ 0, - 05 S0 0, 0 € Nog N E*(S).
whence 0, 0g = Ogg.
(4) Theorem 2.10. S ia a strong bi-semilattice of near rings iff S is a bi-semilattice of near rings

which is E* unitary and in which for all a, b € S, e € E*(S), a(b + e) = ab + a’e whenever a°+

e=a’ and "+ e= P".

(5) Proof. Let S be a bi-semilattice of near rings. Then S is a bi-semilattice L = S/H" of
near rings N, = [a]ut where a € S and o € L. Then clearly S is a left Clifford seminearring

(¢f- Corollary 3.2.11 of [4]). For a, f € L with a <f let us define maps
(6) $up : Na — Ng by dup(a) = a+ 0p.
(7) In view of Lemma 2.9 the definition of the map is meaningful. Now let a,b € N, and

(8) a <p. Then
(9) gup(@) + dap(b) = (a+0p) +(b+0p)

(10) = a+(b+0p + 0z ( (S, +) is clifford)

(11) = a+b+0p (<04 (b+0s) €Ns (¢f. Lemma 2.9))
(12) = ¢apla+Db)

(13) and

(14) Pap(@) - pup(b) = (a+0p) - (b+0p)
(15) = a(b~+0p) + 0p(b+ 0p)
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(16) = a(b+0p)+0p (0 (b+ 0p) ENp ).
(17) Now in L, o < implies that [a]ut <[0s]ut where a € N,.. Hence [a]ut +[0s]ut = [0p]ut.
Thus (a + 05)° = [04]° whence a° + 05 = 0. Similarly, 5°+ 03 = 05. We then deduce
(18)
a(b+0p) = ab+ a0
- Clb + 0(10/5’

= ab+ 04 (¢f. Lemma 2.9)

(19) which gives

(20)  gupla) ap(b) = ab+ 04+ 0p

(21) = ab+ 0z (¢f Lemma 2.9)

(22) = ¢aplab)

(23) whence ¢, is a seminearring morphism. Again let a, b € N, such that ¢, s(a) = ¢qp(b), for
some f € L with o« <f. Then, a+ 03 = b+ 0p i.e., b* + a+ 0 = b* + b + 0p whence b*
+a+ 0p = 0, + 0. Therefore b* + a + 0p € E°(S). Since S is E'-unitary, b* + a € E*(S).
Then b* + a = 0, = a* + a. Thus b* = a* as N, is a near ring. So b = a, whence ¢,p is a

monomorphism. Now let a, f,y € L with o <f <y. Let a € N,. Then
(24) Pprpap(@a) = ¢pa+Op)

(25) = a+0;+0,
(26) = a+0, (¢f. Lemma 2.9)
(27) Barl@)
(28) i.e., ¢pypap = Gay Again let a,f,y € L with o+ <y and a € N,, b € Ns. Then
(29) a <y and B <y, whence [alu+ <[0,]u+. So [alut +[0,]u+ = [0,]u+. Thus & +0, =0,
(30) Similarly, b°+ 0, = 0,. Then by hypothesis

(31) a(b+0,) = ab+ad,

(32) = ab+ 0,0,
(33) t+ ettt ettt — ab+0, (1)
(34) Now
(35)  fur@) dub) = (a+0)b+0)
(36) = a(b+0,)+0,b+0,)
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(37) = a(b+0,)+0, (=0, (b+0,)EN, )

(38) = ab+ 04 + 0, (Using (1))

(39) = ab+0, (¢f. Lemma 2.9)

(40) Papab)

(41) whence GoyNappyNg S GupyNop . Thus S is a Strong bi-semilattice of near-rings.

(42) Conversely, let S =< L, Ng, ¢op > is a strong bi-semilattice L of near rings N, (a € L).
Let us define a relation p on S by

(43) apb if and only if a, b € N, for some o € L.

(44) Then clearly p is an equivalence relation on S. Now let apb and ¢ € N, for some y € L.

(45) Then a, b € N, for some a € L. Therefore

(46) a @ c = gaurya) + @par(c) € Novy and b @ ¢ = Poary(b) + Pyai(c) € Nuvy

(47) whence (a @ c) p (b @ ¢). Similarly, (c B a) p (c ® b). Again a O c € Ny and b O ¢ € N,
implies that (a ©c) p (b © ¢). Similarly, (c © a) p (c © b). Thus p is such a congruence on
S that each p class is a near-ring. Also S/p = L is a bi-semilattice whence S is a bi-
semilattice of near-rings. Let in S,

(48) A"De=cecand "De=-¢e

(49) where a € N, b € Nyand e € N, for some a, B, y € L. Hence a® @ 0, = 0,, b° @ 0, = 0, and
e =0, Thus [Ou]ut +[0,]Jut = [0,]Jut whence oo +y =yp. So a <y. Similarly, we get [ <1y.
Let a O (b @O0,)=c. Then c € Nyp+y. Now

(50) Pa(fty),a+ft+y(€) = ba,a+f+y (@) ¢p+y,at+p+y (D D O0y)

(51) = Pa,atpty (@) - Bty atpty (9B p+y (b) +
¢y, p+y(0y))

(52) (b D 0, = dpp(b) + ¢,55(0))

(53) = Pa,at+f+y (@) (Bp,a+p+y (B) T ¢y, a+p+y (0y))

53 TP =
S O R PN S S (1 B | S B Q).

(55) Again let a O b =d € Nog. Then

(56) -+ ettt bupas(d) = Guaip(@)
WO T 3).

(57) Now

(58) x = d+ 04
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(572 ) TR = Papapra(d) +

N (1 0 SO (4)
(60) Now applying Poprayaipry to both side of (4) we get,
(61)

Pof+oy,a+pty = daf+ay, o+f+y (Pap,opt+ay (d) + ¢ay, af+ay Oay )
()
= dap,at+f+y(d) + day,o+p+y Oay)
Gaparpr(d) (7 Payarpry(Oap) = Ocipin) coveeeeiinieieiieeeeeee, 5).
(62) Now applying ¢aipaip+y to both side of (3) we get,
(63)
Pa+p,a+p+y (Pap,at+p (D) = dat+pat+p+y @a,atp (@) - ¢p,a+p (D))
Pap,otf+y (@A) = Paapf@) * Pparpp(D) v (6).

(64) From (5) and (6) we obtain the following
(65) Pa(f+y),at+p+y (X) = ba,o+p+y (@) " 9, a+p+y (D) = da(p+y),a+p+y (¢) (Using (2))
(66) whence x = ¢ using injectivity of Gopsy),a+py-
(67) Hence in S, whenever a @e=e¢, b°Pe
(68) =6 aQb®e)=aObB0y =aObB0. OO0, =aObBa’Oe
(69) Now to prove E*(S) is E-Unitary, let a @ b € E*(S) and b € E'(S). It is known that E*(S)

= {04a €L}. So, b= 0, for somey € L.
(70) Case I : Let a € N,
(71) Then a+0,+a+0,=a+0,
(72) =a+a=al[va€N, and 0, is the zero element of N,]
(73) =>a €EE(S)
(74) Case II : Let a € Ny for some Sy in L.

Therefore,
(75) a®o, = @pp(a) + $pp(0,)
(76) = @pp(a@) + Opey € Npiy NE(S)
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(77) whence,
(78) ¢p.p+y(@+O0pty = Opty
(79) = $ppry@ = Op+y
(80) = a = 0p As ¢pp+y is one-one
(81) = a€E®)
(82) So, S is E" unitary, which completes the proof-
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