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Editorial

Keeping George Santayana's words in mind, "man's traces are traces of useful action”, the
seventh edition of Bodhi ventures to be an interesting compilation of useful and meaningful
essays that vouches to leave an indelible imprint on the thinking mind. The journal traces a
journey from prospect to realisation, the outcome of hard labour of the unwavering
commitment of the Bodhi team. The articles are peer reviewed, glistening with the scholarship

of the contributors who traverse various fields of research in Arts, Science and Commerce.

Yet, unless there is a constructive criticism or appreciation from the readers, a meaningful
engagement with the words in print and the mind that enkindles a new reading or a novel

perspective, the passion for growth will not be ignited.

We therefore look forward to the opinions, suggestions and critical overviews of the readers.
Last but not the least, we express our gratitude and thankfulness to our esteemed contributors

without whom the journal would not have seen the light of day.
02 February, 2026

Editorial team

Bodhi

Vivekananda College, Thakurpukur,
Kolkata 700063, West Bengal, India
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Women Farmers and Rural Transformation: A Critical Analysis of Mahila
Kisan Sashaktikaran Pariyojana

Pawan Subba*

Assistant Professor, Department of Economics, Vivekananda College, Thakurpukur, Kolkata

Abstract: In the Indian Agricultural sector, women continue to face problems regarding access
to land, extension services and in market participation. This paper presents a review of various
studies related to Mahila Kisan Sashaktikaran Pariyojana (MKSP). The findings show an
increased adoption of various sustainable practices in agriculture with an improved yield of
output along with diversification of livelihood with support from Government Programmes.
There is a need for stronger market linkages, land rights security and a sustained extension

support to deepen the MKSP s long-term impact.
Keywords: women farmers, rural, development, livelihood, agriculture.
1. INTRODUCTION

A substantial portion of the rural population are dependent upon agriculture as the primary
source of their livelihood. Here, the role of women in agriculture is indispensable. As per FAQ,
2011 report, women comprises of an average of 43 percent of the agricultural labour force of
developing countries (FAO, 2011). They also have less control over resources and access to
extension services compared to their male counterparts, in spite of their huge participation in
various agricultural activities. These disadvantages results in lower agricultural productivity

and rural underdevelopment.

The Government of India launched the Mahila Kisan Sashaktikaran Pariyojana (MKSP) as a
subcompononent of Deendayal Antyodaya Yojana—National Rural Livelihoods Mission
(DAY-NRLM) in 2011 to improve the present status of women in agriculture, and to enhance

the opportunities for her empowerment (MoRD, 2018).
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2. BACKGROUND AND POLICY CONTEXT

India’s agricultural sector is undergoing structural transformation driven by demographic
shifts, climate variability and evolving market relations (NITI Aayog, 2020). Simultaneously,
the feminisation of agriculture is rising due to various factors. Factors like male out-migration,
diversification of agriculture, changing labour markets and the land ownership patterns have
contributed to the shift of agricultural responsibilities onto women (Das et al., 2021). MKSP
recognizes the identity of “Mahila” as “Kisan” and strives to build the capacity of women in
the domain of agro-ecologically sustainable practices (MoRD). But still their recognition as
“farmers” remains limited which are reflected in land records, their low inclusion in
agricultural extension services and in their limited access to institutional credit (Agarwal,
2018).

The recommendations from NITI Aayog and “The National Policy for Farmers (2007)” have
drawn attention to the gender gap in agriculture. They throw light towards the lack of land
ownership of women and the limited access to farming technologies resulting in many states
the agricultural extension services remain limited to women farmers, which creates various
information bottlenecks for women (Ghosh & Ghosh, 2014).

The MKSP programme is run through layered economic and institutional structures such as
the SHGs under NRLM, Producer Groups (PGs) and federations which provides an ecosystem
for collective action, governance and market facilitation (MoRD, 2015).

The three components of MKSP are (i) Sustainable Agriculture, which aims at empowering
women in agriculture by making systematic investments to enhance their participation and
productivity, as also create and sustain agriculture-based livelihoods of rural women and seeks
to enable them to gain better access to the inputs and services provided by the government and
other agencies, (ii) Non- timber forest production (NTFP), which aims at empowering the tribal
women NTFP collectors through an integrated approach of institution building around

livelihoods, capacity building and livelihood interventions programmed together and (iii)
Creation of Value Chain, which aims at empowering women farmers and collectors through
an integrated approach of developing Producers' Enterprises, building market linkage and
capacity building programmed together (Mahila Kisan Sashaktikaran Pariyojana). Thus, there
is an alignment of the programme with the Sustainable Development Goals (SDGs),
particularly with those focused on poverty, food security, gender equality and climate
resilience, which further reinforces its relevance.

3 https://www.vckolkata63.org
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Overall, MKSP represents a shift of agricultural policy toward ecological sustainability,
institutional strengthening and reducing gender inequality providing assistance for improving
productivity and resilience among small and marginal women farmers.

3. LITERATURE REVIEW

The literature survey on women in agriculture includes various perspectives of development
economics, feminist political economy, rural sociology and institutional theory. It is observed
that gender inequalities in access to land, labour, capital, information and technology suppress
agricultural productivity and restrict economic opportunity for women farmers. The key
strands of scholarship relevant to understanding the design and outcomes of the Mahila Kisan

Sashaktikaran Pariyojana (MKSP) are reviewed in this section.

Gendered property regimes, labour divisions and household bargaining structures can alter
production systems. Studies by Agarwal (1994, 2018) and Doss (2018) show that the limited
access to land ownership of women weakens their bargaining power and constrains productive

investment. Such inequalities can create an inefficient production outcome.

On the other hand, a collective action as a strategy can be used for addressing coordination
failures and market inefficiencies. Research on self-help groups (SHGSs), cooperatives and
producer organisations shows that collective institutions reduce transaction costs, enhance
credit access and improve women'’s participation in markets (Banerjee et al., 2020; Mohanty,
2022). The federated institutional architecture promoted under NRLM and MKSP draws from
this evidence, demonstrating that sustained engagement in groups increases women’s capacity

to negotiate, take leadership roles and manage economic activities.

Agro-ecological literature provides a third analytical anchor. The growing body of work on
sustainable agriculture highlights the benefits of low-input, climate-resilientPractices
- such as the System of Rice Intensification (SRI), Non-Pesticide Management (NPM),
mulching, intercropping and organic nutrient recycling. Studies by Gliessman (2019), Altieri
(2015) and Khadse et al. (2017) argue that these practices improve soil fertility, reduce input
costs and increase resilience to climatic shocks. This literature is particularly relevant to
MKSP, which operates extensively in rainfed, tribal and resource-poor regions where

liquidity constraints limit access to chemical inputs.
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Behavioural development economics further deepens our understanding of adoption
dynamics. Research shows that women farmers often rely more heavily on peer networks and
social learning due to information asymmetries, risk constraints and gendered norms affecting
mobility. Bernard et al. (2014) and Bandiera et al. (2020) demonstrate that peer-led knowledge
diffusion can significantly increase the adoption of new practices. MKSP operationalises this
insight through its Community Resource Person (CRP) model, where trained women act as
para-extension agents embedded within local social structures.

Despite existing scholarship, notable gaps remain. Few studies systematically compare
MKSP’s performance across states or examine how institutional variation affects outcomes.
Limited research connects MKSP to broader theories of gender-responsive agricultural policy
or examines how behavioural constraints interact with collective action structures. This paper
contributes to bridging these gaps by synthesising evidence through an integrated theoretical

and empirical framework.
4. CONCEPTUAL FRAMEWORK

A multi-theoretical conceptual framework is used to analyse how MKSP influences women’s
participation, productivity and empowerment in agriculture. The integrated approach consists
of (i) feminist agrarian political economy, (ii) institutional economics and collective action

theory, (iii) behavioural development economics and (iv) agro-ecological systems theory.
4.1 Feminist Agrarian Political Economy

Feminist agrarian theory highlights how gendered property regimes, intra-household
bargaining inequalities and labour divisions shape agricultural outcomes. Due to the presence
of limited access to land titles for women, it restricts their control in making farming decisions.
It also reduces their access to finance, extension services, subsidies, etc. This structural

disadvantage can lead to a decrease in individual productivity and household welfare. MKSP’s

recognizes women as “farmers” and provides support irrespective of such social norms
leading to their empowerment within families and villages. The framework focuses on

identity, agency and access to productive resources as a foundation to rural transformation.
4.2 Institutional Economics and Collective Action

Institutional economics focuses on cooperative institution which reduces transaction costs,

5 https://www.vckolkata63.org
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manage collective resources and enable long-term coordination. In case of small and marginal
farmers, especially women, their individual participation in markets is often constrained by
social norms, information gaps and bargaining disadvantages. MKSP’s CRP model consists
of Self-Help Groups (SHGs), Producer Groups (PGs) and federations which focuses on
collective activity that help women to pool resources, gain access inputs at lower cost and
engage in aggregation for improved outcomes. Here collective action as a tool to enhancing

women’s economic participation.

4.3 Behavioural Development Economics

Behavioural economics shows how social norms, risk perceptions, cognitive constraints and
trust shape decision making amongst individuals. Usually in underdeveloped countries,
women farmers often face informational asymmetries and lack exposure to new technologies
due to social norms. MKSP’s Community Resource Person (CRP) model seeks to reduce
these challenges through peer learning and trust-based communication. Local women who
are trained in sustainable agriculture acts as para-extension agents are called CRPs. They
reduce information bias by providing repeated and individual support to the women farmers.
The framework used behavioural insights to explain how transfer of information and social

learning increases women’s participation in agricultural activities.

4.4 Agro-ecology and Sustainable Production Systems
Agro-ecological theory shows how knowledge-intensive agricultural practices can enhance
ecological balance, improve soil health and increase resilience to climatic shocks. As MKSP
is implemented extensively in rain-fed, tribal regions, agro-ecology provides a strong
analytical lens for analysis. MKSP focuses on agro- ecological practices such as System of
Rice Intensification (SRI), Non-Pesticide Management (NPM), crop diversification and
organic nutrients. The framework lays stress on sustainable agriculture as both an

economic and

ecological strategy, which can help women reduce dependence on external sources of inputs

and improve their long-term productivity.

4.5 Integrated Framework

An integrated framework of the above four frameworks, viz., feminist agrarian theory,

institutional economics, behavioural economics and agro- ecological theory enables
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comprehensive understanding of MKSP’s impact across various domains of socio-economy,

institutional and agro-ecology.
5. METHODOLOGY

Due to the diverse evidence sources and the heterogeneity of MKSP implementation across
India, a narrative synthesis approach is used to enable the integration of quantitative indicators,
qualitative insights and theoretical perspectives within a single analytical framework.

5.1 Research Design

The research design combines three methodological components in the analysis of MKSP and

its role in rural transformation:
1. Extracts of evidence from empirical studies, government evaluations, etc.;

2. Thematic synthesis categorising outcomes into adoption, productivity, income,

institutional dynamics and empowerment;

3. Cross-state comparative analysis to account for variations in institutional capacity

and programme intensity.
5.2 Data Sources
Multiple sources of secondary data were used to triangulate and enhance qualityof the findings:

- Peer-reviewed academic literature on women farmers, collective action and sustainable

agriculture;
- National Institute of Rural Development and Panchayati Raj (NIRDPR) evaluation studies;

- State Rural Livelihoods Mission (SRLM) reports from Odisha, Jharkhand, Madhya
Pradesh and Chhattisgarh;

- Government guidelines, annual reports and Detailed Project Reports (DPRs) of MKSP.

5.3 Evidence Extraction
A two-stage approach was applied for evidence extraction:

- Quantitative evidence (yields, income changes, adoption rates, institutional performance
metrics) was organised into structured tables to enable comparison across states and

interventions.
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- Qualitative findings (behavioural constraints, gender norms, governance issues, barriers
to adoption) were coded thematically.

5.4 Analytical Strategy

The analytical process requires amalgamation of theoretical insights from feminist
economics, institutional economics and agro-ecology. It includes, producing quantitative
indicators to identify broad patterns in productivity and livelihood outcomes, interpreting
qualitative data to explain trends and socio-cultural influences and comparing different
outcomes across states to assess how institutional reach and programme maturity changes

outcomes.
6. FINDINGS

The findings generated from various MSKP evaluations, academic studies, government
reports, etc., indicate that the MKSP has generated significant and multi-dimensional impacts.
These outcomes have been grouped into five categories, viz., (i) adoption of sustainable
agricultural practices, (ii) productivity improvements, (iii) livelihood diversification and

income gains, (iv)institutional strengthening and (v) empowerment.
6.1 Adoption of Sustainable Agricultural Practices
MKSP participants demonstrate greater uptake of:

- System of Rice Intensification (SRI)

- Non-Pesticide Management (NPM)

- Organic nutrient recycling (FYM, compost, vermin-compost)
- Mulching, intercropping and crop diversification

- Homestead vegetable cultivation

MSKP’s Community Resource Person (CRP) model relies on local women trained in agro-
ecological practices. Due to the existence of trust and social proximity between CRPs and
community members, there is a reduction in learning barriers and increasing willingness to

experiment.
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Table 1. Major Sustainable Agricultural Practices adopted under MKSP from the year 2018-2023

State SRI Adoption Millets/ NPM Vegetable Sources
Adoption Adoption

Odisha (SODI 300 women 600 women 1,500 women (RCDC, 2019)
MKSP DPR) farmers adopting  [farmers adopting  [farmers adopting

SRI (Year-1) millets \vegetables
Jharkhand SRI adoption Millet adoption Increasein (NIRDPR, 2020)
(NIRDPR documented in MKSP marketed
evaluation) (qualitative) clusters \vegetables
Kerala SRI promotedin  [Millets in High vegetable (MoRD, 2015)
(SRLM/MKSP) MKSP training  [climate-resilient  jadoption

modules

Madhya Pradesh [SRI included, Millet adoption Increase in (Madhyam
(SRLM/Madhyam [adoption noted supported by \vegetable area Foundation,
DPR) policy 2019)
Chhattisgarh SRI and Strong millet \Vegetable (NIRDPR, 2022)
(State MKSP) sustainable rice promotion production

practices supported

The adoption data gathered from SRLM project documents and NIRDPR evaluations
demonstrates a clear shift toward sustainable agricultural practices among MKSP-supported
women farmers between 2018 and 2023. Odisha provides measurable adoption data with 300
women adopting SRI and 1,500 adopting vegetable cultivation (RCDC, 2019). Jharkhand
shows significant increases in vegetable marketing and qualitative adoption evidence for SRI
and millets (NIRDPR, 2020).

Millet cultivation shows rapid expansion in rain-fed states such as Odisha and Chhattisgarh,
supported by state millet missions (NIRDPR, 2022). Vegetable cultivation emerges as the most
widely adopted practice due to its low entry barriers and immediate nutritional benefits
(MoRD, 2015). Complementary agro-ecological practices such as organic pest management,
composting and intercropping reinforce MKSP's low-input farming approach.

Overall, MKSP has played a significant role in strengthening women's agricultural agency,
improving household nutrition and promoting climate-resilient livelihoods across states
(MoRD, 2015; NIRDPR, 2020).

9 https://www.vckolkata63.org
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6.2 Productivity Improvements

Productivity outcomes varies across crops and regions. Evidence from SRLM project reports,
NIRDPR assessments and independent studies shows that SRI paddy yields increased by 25—
60% in states such as Odisha, Jharkhand and Chhattisgarh as a result of improved spacing,

water management and the use of younger seedlings (NIRDPR, 2020; RCDC, 2019).

Vegetable cultivations under MSKP also demonstrated significant improvement in yield as

women farmers adopted improved seed varieties, organic nutrient sources, mulching and
micro-irrigation practices. These interventions has strengthened both productivity and

marketable surplus for these women farmers (NIRDPR, 2020).

Millet and pulse cultivations also showed significant improvements of 20 to 40 percent with
stable yields even during years of rainfall variability. Their performance aligns with evidence
that millets require less water, have shorter maturity periods and are more tolerant of climatic
stress than paddy or wheat (MoRD, 2015; NIRDPR, 2022).

Overall, these productivity improvements due to MSKP interventions translate into enhanced

food security, reduced vulnerability and greater household stability.

Table 2. Improvements in Crop Productivity under MKSP from the year 2018-2023

Crop/System State(s) Baseline MKSP % Remarks
Yield Yield Improvement
SRI Paddy  |Odisha 18-22 26-35 35-60% Improved spacing &
g/acre g/acre seedlings
SRI Paddy  [Jharkhand 15-20 22-30 25-50% NIRDPR case
g/acre g/acre clusters
SRI Paddy (Chhattisgarh 16-21 24-30 30-45% SRLM extension
g/acre g/acre
Vegetables  (Odisha/Jharkhand |- +25-40% | Seed quality +
organic inputs
Millets MP/Chhattisgarh ~ |4-5 g/acre 57 20—40% Drought-resilient
g/acre
Pulses Odisha/Jharkhand |- +10-20% Soil moisture retention

10 https://www.vckolkata63.org


https://www.vckolkata63.org/

Eﬁhﬁﬂ .
<35

T i
BODHI VOL 7 PP. 2-19 (2026) - "En i

6.3 Livelihood Diversification and Income Gains

MKSP provides various diversified livelihood strategies that reduce risk and uncertainty and
improve income stability among rural women. Facilities such as piggery, goatery, poultry,
NTFP (Non-Timber Forest Product) value chains, vegetable cluster cultivation, etc. These
activities have enabled the rural households to have a multiple income sources with diversified

livelihood portfolios, reducing their reliance on a single crop or activity (MoRD, 2015).

NIRDPR reports and SRLM project documents shows both significant and consistent
improvement in income levels. The income generated in the cultivation of seasonal vegetables
ranged from Rs.10,000 to Rs.18,000 per cycle, due to improved quality of seeds, organic inputs
and cluster-based production (NIRDPR, 2020). Due to the various goatery interventions with
support from Pashu Sakhis, higher survival rates, better weight gain and improved market
returns were observed (NIRDPR, 2022). Through federal aggregation and value additions in

NTFP goods, a substantial increase in the income were seen in the tribal districts (RCDC, 2019)
6.4 Institutional Strengthening

Projects under MKSP has contributed a great deal to the strengthening of local institutions by
improvement of governance and economic activities. Reports from NIRDPR evaluations and
SRLM implementation reviews shows improvements in meeting regularity, economic
engagements and decision-making quality within Producer Groups (PGs) and a better
coordination between SHGs, PGs and higher-level federations (NIRDPR, 2020; NIRDPR,
2022). The provisions of book-keeping and financial literacy has improved transparency and
accountability to a great extent. It helps the groups to maintain accurate records and qualify
for availing institutional credit (MoRD, 2015).

Collective activities through SHG mechanism has also improved. PGs demonstrated greater
capacity for collective input procurement, reducing per-unit costs and lowering of information
asymmetries. Similarly, output aggregation facilitated better price negotiation, improved
market access and has reduced the risks associated with individual marketing, particularly for
vegetables, NTFPs and small livestock products (RCDC, 2019).

Additionally, MKSP has enhanced convergence with line departments, including agriculture,

horticulture, livestock and MGNREGA, enabling women farmers to access technical services,
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subsidies, extension support and infrastructure such as irrigation assets and protective
cultivation structures (NIRDPR, 2022). These institutional linkages expand the resource base
of community organisations and strengthen their long-term viability and improved

effectiveness.

Overall, such institutional improvements reduce transaction costs, increase scale efficiencies
and reinforce principles of collective action which are central to rural development and micro-

institutional economics (Agarwal, 2018).

6.5 Women’s Empowerment

MKSP has generated significant empowerment outcomes for rural women by expanding their
roles, agency and recognition within agricultural and community institutions. NIRDPR
evaluations and SRLM progress reports show that women exhibit greater participation in
agricultural decision-making, supported by improved access to knowledge, training and
advisory services (NIRDPR, 2020).

There is an increase in the mobility of women resulting in the increase of spaces traditionally
restricted due to gender norms such as more frequent participation in training programmes,
exposure visits and market-related activities (Agarwal, 2018). This mobility is closely linked
to increases in leadership roles within SHGs, Producer Groups (PGs) and federations, where
women now hold leadership positions such as community resource persons, master trainers and
office bearers (MoRD, 2015).

7. DISCUSSION

The findings of this study illustrate that the Mahila Kisan Sashaktikaran Pariyojana (MKSP)
can promote gender equality, women empowerment and sustainable farming systems in the

parts of rural India.

7.1 Enhancement of decision — making power of women.

MKSP has enhanced women’s decision-making power, mobility and visibility as farmers.
With various training and handholding from CRP along with the support from group members
from respective SHGs, the status of women has strengthened to some extent within and outside
their households due to enhancement of decision making power in various aspects of their
lives. It can have a spillover effects on health, child nutrition, education and overall
development of the society.
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7.2 Collective Action and Institutional Performance

MKSP follows a federated institutional structure which is central to the success of MKSP.
Collective activity helps small farmers in overcoming market failures by reducing transaction
costs, updated information and enabling aggregation for better bargaining power. MKSP’s
results confirm that women Producer Groups function more effectively as women engage more
confidently in procurement, aggregation and marketing activities. Federations facilitate in
enhancing marketing strategies, access to financial institutions and relevant government

departments.

7.3 Social Constraints and Participation in Economic Activities

In spite of the provisions of trainings for skill enhancement along with financial and other
services, the participation of women in various economic activities is influenced by social
norms which greatly restricts their mobility and economic participation. The CRP model helps

to relieve such social pressures through peer support and group engagement.

Overall, MKSP highlights the importance of knowledge dissemination, institution building,
an improved market access and gender-neutral social norms to be sustainable and enhanced

effectiveness.
8. POLICY IMPLICATIONS

The policy suggestions for the policy makers from this analysis for enhancing the quality of
livelihood for women farmers and rural transformation are grouped into land rights,
professionalising extension systems, strengthening market infrastructure, institutional

strengthening, convergence of schemes and enhancing financial inclusion.

8.1 Strengthening Women’s Land and Resource Rights

Land rights could serve as a collateral for accessing various financial services, input subsidies,
irrigation assets and crop insurance. Absence of land rights hinders access to the above

services. Hence, positive policy strategies to improve the effectiveness of MKSP includes:
- promoting joint land titles during registration,
- ensuring women’s inclusion in land record updates and digitised land portals,

- supporting women’s tenancy rights through formal lease agreements.

13 https://www.vckolkata63.org
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8.2 Professionalising the CRP-Based Extension Model

MKSP’s Community Resource Person (CRP) model has demonstrated strong results in
improving adoption and reducing information asymmetries. To deepen its impact,

policymakers should:

- introduce nationally standardised certification programmes for agricultural CRPs,
- strengthen technical refresher trainings and field-level exposure visits,

- provide mobility allowances and performance-based incentives,

- create specialised cadres such as NPM CRPs, SRI CRPs and market linkage CRPs.
A professionalised CRP system would serve as a sustainable, gender-responsive extension

model aligned with global best practices for community-based agricultural advisory services.
8.3 Strengthening Market Infrastructure and Value Chains
One of the biggest gaps identified across states is weak market integration. To address this:

- Producer Groups should be supported to develop aggregation centres, storage units
and grading facilities,

- federations should be equipped to negotiate with local buyers, FPOs or institutional

markets such as schools, hostels and hospitals,
- digital tools for price discovery, e-commerce and group marketing should be expanded,

- transportation support and cold-chain investments should be targeted to

perishable commodities.

Without the presence of strong market linkages, productivity gains achieved under MKSP

will not translate into meaningful income improvements.

8.4 Institutional Strengthening of Producer Groups and Federations

Governance quality varies significantly across states and many Producer Groups require long-

term incubation. They include:
- extending incubation support to PGs for at least three years,

- adopting digital financial management tools across federations,
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- conducting periodic governance audits,
- integrating structured business planning and sectoral strategy development.

These steps would help to address the coordination failures, leadership gaps and transactional

inefficiencies.

8.5 Mainstreaming Convergence with Line Departments

States with strong convergence demonstrate higher productivity and livelihood outcomes. To

institutionalise convergence:

- SRLMs should formalise partnerships with agriculture, horticulture, livestock
and MGNREGA departments,

- convergence committees at the district level should meet regularly in order to
coordinate planning,

- MGNREGA assets such as farm ponds, compost pits and irrigation structures should

be aligned with MKSP cluster needs,
- joint extension activities should become routine at the block level.

Convergence of the various government programmes with MKSP can effectively transform

MKSP from a training programme into a comprehensive agricultural support system.

8.6 Enhancing Financial Inclusion and Insurance Coverage

Women farmers require an access to various financial tools that can help to address the risk

and liquidity constraints. Policies should:

- enable farmers to access the insurance coverage for crops to safeguard them from

erratic weather patterns,

- expand access to weather-indexed and livestock insurance,

- provide credit lines tailored to Producer Groups and clusters,
- promote savings-linked input credit models,

- strengthen linkage with banks and agricultural finance institutions.

15 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 7 PP. 2-19 (2026) ey
Improved financial inclusion would reduce the vulnerability of women farmers and enable
investments in productivity-enhancing practices.

9. CONCLUSION

This study examined the progress of MKSP through a perspective of development economics,
empirical findings, theoretical insights and institutional analysis to understand the
programme’s contributions towards gender-responsive rural transformation. The evidence
collected shows that MKSP has achieved significant progress in improving agricultural

practices, productivity, livelihood diversification and women’s empowerment across India.

The programme’s CRP model which includes sustainable agriculture, collective institutions
and peer-led extension contributes to these positive results. MKSP can help to addresses
barriers that limit women’s participation in agriculture. Support received from MKSP helps
reshape the decision making of women within households and societies. The federated
institutional structure plays an important role in its success due to collective activities. Such
activity helps small farmers in overcoming market failures by reducing transaction costs,
market information and enabling aggregation for better bargaining power with confidence in

marketing along with access to financial institutions and relevant government departments.

Overall, MKSP helps in rural transformation by integrating behavioural, institutional and
ecological strategies. As India is a developing country with most of the population being
dependent on the agricultural sector where the risks of climate change, rural
underdevelopment, gender bias, structural barriers, etc. exists, MKSP offers a panacea for
these issues plaguing the rural economy. If the true potential of MKSP can be harnessed, it

can transcend the rural development to a higher levels.
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Abstract®: The paper analyses the situation of the rural diversification prevalent in the

Indian economy, which has led to new opportunities specially in the non-farm sectors leading
to its rapid growth in recent decades. However, this growth is mainly distress-driven change
experienced by the agricultural households due to the low productivity and declining growth
of the agricultural sector. This has compelled the newly grown non-farm sector to act as an
"employment sink" for the rural workers. The employment in this situation is characterized by
low job security and reduced welfare even among the regular waged workers. The working
opportunities are unequally distributed among the agricultural households debarring equal
opportunities to the majority households. There is a need for restructuring the non-farm sectors

in order to reap the gain from the existing diversification of the economy.

Keywords: Farm and Non-farm sectors, Rural Diversification, Distress Driven Change,

Employment Sink

1. Introduction

Rural diversification acts as an essential form of rural transformation and can be well-defined
as an economic development of non-agricultural activities or as a livelihood that has multiple

components. Diversification infers both diversification in production as well as diversification
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within households. It hints at both for the reason that individuals undertake multiple jobs and
also different family members work in different activities in the form of division of labour by
gender and age. Now, as there appears to be a transfer from the purely agricultural scenario
towards more complex forms of occupation insertion in the labour market, it further implies
that the pace and the pattern of rural diversification significantly gets affected through the
features of rural labour markets and also vice-versa the internal labour markets get transmuted
by rural diversification. It therefore, serves as an important growth strategy as it encompasses
not only agricultural diversification but also diversification of income, employment and
occupation within the entire rural sector and thus, can be associated with a booming or

recessionary economy or with accumulating livelihood strategies.

It has been observed that over a past few decades India has emerged as one of the fast-growing
economies in the world with comprehensive changes in its rural economy in par with its overall
economy. Still among all the emerging economies, India remains predominantly rural with
around 65% of its population living in the rural areas and around 62% percent of its workforce
still working and living in rural areas and agriculture is by far considered to be the most
dominant activity of rural areas in most parts of the country. Despite such structural transitions
in the economy, the persistent reliance on agriculture, especially among the rural poor, reflects
the limits of inclusive transformation. But currently, India has been witnessing an agrarian
crisis, which is due to the fact that even though a drift of long-term contraction of agriculture
has been observed in the economy and also the share of agriculture in the GDP has declined at
a rapid rate, yet, the level of diversification of the labour force away from agriculture is very
limited and the people working in this non-agriculture is far from better off. The apparent
diversification is therefore not always a reflection of rising opportunities, but often a coping

strategy in response to agrarian stagnation, low productivity, and precarious incomes.

Chandrasekhar (2015) considers the economic diversification in rural India, that involves the
emergence and growth of non-agricultural activities, an important means of increasing
employment and per capita incomes, and improving standards of living. However, there are
various kinds of non-agricultural activities themselves that differ in terms of productivity and
yields of return. Thus, even though the development of some activities implies rural

dynamism, many others exist and grow for the reason that there happens to be a distress-driven
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movement of those not absorbed in any productive activity, especially agriculture, as the sink
for unemployed or underemployed workers without social protection, thus inferring the
economic diversification in rural India to be distress driven. This suggests a paradox of rural
diversification in India: it coexists with deep-rooted insecurity and inequality in the labour

market.

The present study, thus, makes an attempt to examine this rural diversification in detail and
draws evidence from various government reports to substantiate that such diversification is
mainly distress driven. Workers employed in this newly expanded non-agricultural sector are
not well off in terms of job security, wage entitlements, and access to basic social protection

— and there exists a considerable disparity among the kinds of jobs available.

First, the situation of rural diversification across different economic sectors is evaluated
through an analysis of gross value added and the employment scenario in rural agriculture and
non-agriculture. This sectoral lens helps in understanding the macro shifts in output and labour
force engagement. The third and final part explores the diversification within the agricultural
and non-agricultural sectors by analysing the livelihood patterns of agricultural households and
the working conditions of non-agricultural households. Through this lens, the paper seeks to
uncover the socio-economic characteristics that influence household-level occupational shifts

and the quality of employment outcomes therein.

The plan of the study is as follows. A brief literature review is discussed in the next section,
followed by the methodology and data in Section Three. The results have been analysed at
length in Section Four. The last section summarizes the key findings and concludes with
implications for policy interventions aimed at improving the quality and equity of rural
livelihood diversification.

2. Literature Review

A huge volume of literature has evolved on the subject of Rural Diversification. Here, is
a precise literature survey from various papers on Changing Rural Labour Markets and Rural

Diversification in India.
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Daniel Start (2001) in the paper has discussed and considered the poverty impacts of livelihood
diversification and the potential challenges of creating a pro-poor rural non-farm economy
(RNFE) and have analysed that there also exist some clear conditions that lead to either positive
or negative outcomes and the theory related to these. The paper concludes by considering the
private and public investment flows into the RNFE and the need for state intervention to
support ideals of spatially equitable growth. It can also be considered that in the long term,
even though the growth process is slow an expanding RNFE and multiple livelihoods are a
temporary phenomenon of structural transformation. Frank Ellis (2004) discusses how
occupational diversification challenges conventional wisdoms about poverty reduction in rural
areas of low-income countries. Diversification usually takes place in order to overcome risk
and seasonality in natural resource-based livelihoods, but it also reflects the failure of
agriculture to deliver improving livelihoods in the post-liberalisation era. It states that the
undue reliance on agriculture results more on poverty and vulnerability rather than the
converse. Deshingkar and Ferrington (2006) draw evidences from selected case studies and
longitudinal studies from five parts of India and Bangladesh to reconfirm that labour markets
in South Asia are characterised by informal nature of work contracts, dominance of casual
workers, multiplicity of income sources and extra market relations. There exists wage
inequality depending on basic economic factors and also on caste, ethnicity, gender and age.
Migration has emerged as the important livelihood option for poor rural labouring households
in case of low agricultural productivity situation. Thus, the article suggests ease of migration,
availability of credit and development of communication and transports services as the key

driver towards improvement of rural labour market.

Jayan Jose Thomas (2012) analyses the Indian labour market in 2000s owing to the country’s
rapid growth. The “jobless growth” that was witnessed in second half of the 2000s was mainly
due to the withdrawal of female labour from agriculture as a part of improvement in the
households, popularity of higher education among males and females along with reduction of
disparity in the rural areas. The new job opportunities that lead to the growth in the labour force
through job in construction in states like UP, Bihar, but such new opportunities were
significantly low. The presence of gender biases in the rural labour market was still prominent.
The withdrawn female labour force in the second half of 2000 was confined to the household

duties and not in the productive job market states a dismal picture of the rural labour force.
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The paper also states the importance of state intervention like MGNREGA to improve the
condition of the rural labour market. Ashok Gulati (2014) captures the pull factors which
include overall GDP, sectoral GDPs and push factor which include the employment generated
through MGNREGA scheme. The econometric analysis has been made through panel analysis
of 16 major states from 1990-1991 to 2011-12 and through time series analysis of each 16
major states. The study states that pull factor of GDPs have more effect than the push effects
of employment of MGNREGA scheme. The paper highlighted the importance of construction
as major sector in non-farm production. The paper also suggests the spending more on pull

factors than on the push factors in order to improve the labour market in rural areas.

Reddy, Reddy, Nagaraj & Bantilan (2015) observes that in recent times, the rural labour market
of India has undergone a significant structural transformation with labour moving from
agriculture towards non-agricultural activities. Currently, the non-farm sector is no longer a
residual sector but an emerging driver of rural development and transformation, contributing
65 per cent to the rural net domestic product (NDP) in 2010. Chandrasekhar (2015) states that
the rural non-farm sector is replacing the agricultural sector as a sink for the surplus labour. It
concludes that, first, the economic diversification in rural India is still largely distress drive
and second, the non- agricultural activities of various kinds are replacing agriculture as the
sink for unemployed or underemployed workers without social protection owing to the
evidences from situation assessment report of the agricultural report by NSSO (2013). Dey
and Bose (2021) analyse the rural and urban labour market prior to the covid 19 crisis and
prescribes policies to counter the setbacks occurred due to such pandemic. The article states
that the non-farm sector which was absorbing the agricultural surplus labour has faced more
setback and may improve under modification of MGNREGA and GKRA schemes.

Chatterjee et al. (2020) use the Periodic Labour Force Survey (PLFS) 2018-19 to explore
how India’s labour market could be affected by the COVID-19 pandemic, particularly with
respect to workers' ability to work from home, job security, and access to basic employment
protections. The study finds that only 18-19% of non-farm workers are in jobs that can be done
remotely, with urban areas and women having slightly better access to such work. However,
about 32% of rural non-farm workers are at high risk of losing their jobs because they lack job

security or social benefits. The study highlights the limited safety nets for informal workers in
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India and shows how the rural workforce remains especially vulnerable during economic
disruptions. Saha and Roychowdhury (2021) provide a broader overview of how the COVID-
19 pandemic disrupted India’s labour market. They emphasize that job losses were
concentrated among informal, rural, and migrant workers. The paper also discusses how
reverse migration during the lockdown added pressure to already fragile rural labour markets.
Women and unpaid family workers were especially affected. While government schemes such
as MGNREGA and GKRA helped to some extent, the study notes that these efforts were not
enough to offer lasting solutions. The paper highlights how deeply exposed India’s rural and
informal workers are to sudden economic shocks. Jha and Mishra (2023) explore how rural
work has changed over time, especially in the wake of ongoing informalisation and increasing
dependence on non-farm jobs. Using long-term data, the authors note that more rural families
are now relying on daily wage work, self-employment, and seasonal jobs, often out of necessity
rather than choice. Public employment schemes like MGNREGA are helping in the short run
but are not enough to ensure secure and regular work. The paper also points out that more
women are being drawn into informal rural jobs, and warns that simply seeing growth in non-
farm work as progress can be misleading if the work remains insecure and poorly paid. The
overall picture is one of change in the rural labour market, but not always one that leads to

better or more stable livelihoods.

3. Methodology and Data

This section outlines the methodology and data sources used to explore the patterns and

drivers of rural diversification in India.
3.1. Methodology

This study adopts a two-pronged approach to examine the nature of rural diversification in the

Indian economy. The analysis is structured around two broad themes:

1. Diversification between economic sectors, and

2. Diversification within each sector, particularly among rural households.
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To begin with, the study evaluates how India’s rural economy has shifted from agriculture
toward non-agriculture over time—Dboth in terms of production and employment. For this, the
contribution of agriculture and non-agriculture to the country’s Gross Value Added (GVA) is
examined over the period 1971-72 to 2021-22, using data from the Statistical Appendix of the
Economic Survey 2021-22. GVA is used instead of GDP because sector-specific GDP data at

2011-12 constant prices is unavailable for the entire historical period.

This production-side analysis is followed by a study of the employment landscape in rural
India, focusing on the movement of the workforce between agricultural and non-agricultural

sectors. Employment trends are analysed using two key datasets:
e NSSO quinquennial employment surveys (1993-94 to 2011-12), and
o Periodic Labour Force Surveys (PLFS) (2017-18 to 2020-21).

Since the NSSO and PLFS follow different survey methodologies, the two data sources are
treated separately in the analysis. Nonetheless, both datasets help paint a clear picture of the
shift in rural employment over time. For the purposes of this study, the agriculture sector
includes farming, fishing, and mining and quarrying, while the non-agriculture sector includes

industry and services, in line with classifications from the Economic Survey.

The second part of the study looks more closely into the diversification within sectors,
particularly within the rural household economy. Here, the focus shifts to understanding the
socio-economic characteristics of households involved in agriculture and their engagement in

non-farm activities.

To do this, the study compares data from two rounds of the Situation Assessment Surveys of
Agricultural Households (2013-14 and 2018-19). It examines:

« The proportion of agricultural households in rural areas,
« Their participation in non-farm activities, categorized by landholding size, and

e Theiraccess to MGNREGA cards, as an indicator of dependence on public employment

support.
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This allows for an understanding of whether smaller or landless households are more likely to
diversify into non-farm work—and whether they have equal access to government support
programs like MGNREGA.

Finally, the study assesses the quality of non-farm employment, focusing on regular wage and
salaried workers. Using PLFS data from 2017-18 to 2020-21, the analysis tracks the
percentage of workers who are without formal job contracts, not eligible for paid leave, or
excluded from social security benefits—all of which reflect the informality and insecurity of

rural non-farm work.

As per the NSSO reports an agricultural household is one that receives at least 33,000 worth of
agricultural produce during the previous year, and has at least one member self-employed in
agriculture (either as a main or subsidiary occupation). This definition serves as the basis for
categorizing rural households and analysing their engagement across agricultural and non-

agricultural sectors.
3.2. Data

The study is based entirely on secondary data, collected from official government sources that
are methodologically rigorous and nationally representative. These datasets provide both
macroeconomic insights and household-level evidence necessary to examine rural

diversification in India.

0,

% Sectoral Output Data

To understand long-term structural changes in the rural economy—specifically the shift in
output from agriculture to non-agriculture—this study uses sectoral data on Gross Value Added
(GVA) at constant 201112 prices. The data is sourced from the:

o Statistical Appendix of the Economic Survey 2021-22

This source offers annual estimates of the value added by agriculture, industry, and services
over a fifty-year period. GVA figures form the basis for evaluating sectoral shifts in economic

contribution.
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% Employment Trends and Labour Market Data

Changes in rural employment patterns are assessed using two key data sources:

A. National Sample Survey Office (NSSO) — Employment and Unemployment Surveys

(EUS):

These quinquennial surveys provide detailed information on the composition of the rural labour

force and its distribution across employment types. The following rounds are used:

Employment and Unemployment Situation in India: Report No. 554(68/10/1); NSS
68th ROUND (July 2011 — June 2012)

Employment and Unemployment Situation in India: Report No. 537(66/10/1); NSS 66™
ROUND (July 2009 — June 2010)

Employment and Unemployment Situation in India: Report No. 515(61/10/1); NSS 61%
ROUND (July 2004 — June 2005)

Employment and Unemployment Situation in India: Report No. 458(55/10/2); NSS 55%
ROUND (July 1999 — June 2000)

Employment and Unemployment Situation in India: Report No. 409; NSS 50"
ROUND (July 1993 — June 1994)

Employment and Unemployment Situation in India: Report No. 409; NSS 43
ROUND (July 1987 — June 1988)

Employment and Unemployment Situation in India: Report No. 409; NSS 38" ROUND
(July 1983)

Employment and Unemployment Situation in India: Report No. 409; NSS 32™
ROUND (July 1977 — June 1978)

These datasets help trace long-term trends in rural employment and the relative importance of

agriculture and non-agriculture as employment providers.

B. Periodic Labour Force Survey (PLFS):

For more recent employment dynamics, the study uses annual reports from the PLFS for the

years:

v Annual Report, Periodic labour force survey 2017-18
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v Annual Report, Periodic labour force survey 2018-19
v" Annual Report, Periodic labour force survey 2019-20
v Annual Report, Periodic labour force survey 2020-21

PLFS data supports the analysis of rural employment conditions, particularly the informality
of jobs in non-farm sectors. It provides information on job security, contract types, access to
paid leave, and social protection among regular wage and salaried workers.

% Household-Level Data on Diversification and Public Employment Access

To explore diversification within rural households, particularly among agricultural families,

this study uses two rounds of the Situation Assessment Survey (SAS):
o Key Indicators of Situation of Agricultural Households in India (2013-14)

o Situation Assessment of Agricultural Households and Land and Holdings of Rural
Households in India (2018-19)

These datasets offer insight into:
e The changing proportion of agricultural versus non-agricultural households,
o Distribution of landholding sizes,
e Household engagement in non-farm activities, and

e Access to MGNREGA job cards, which serve as a proxy for dependency on public

employment schemes.

This data is critical for assessing whether distress-driven diversification is more prevalent

among land-poor households and whether public employment support is equitably distributed.

Collectively, these diverse sources enable a comprehensive analysis of both inter-sectoral
transformation (from agriculture to non-agriculture) and intra-household livelihood shifts.
They also help evaluate the quality and inclusiveness of non-farm employment and the reach

of programs like MGNREGA, across different socio-economic groups in rural India.
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4. Analysis
This section of the study is further categorised in two sections and covers the analysis and
discussions involving the secondary data obtained from different sources.

4.1. Study of Diversification Between economic Sector of India
by Nature of Activity

The first part of the analysis is an attempt to reaffirm the structural transformation of the
Indian economy in terms of production, using the GVA data (base year 2011-12) to depict the
contribution of each economic sector from 197172 to 2021-22.

The gross value added (GVA) by each sector in Figure 1 is a clear indication of the structural
transformation happening in the Indian economy. It highlights a long-term pattern where
agriculture's contribution steadily declines, while the service sector experiences a sharp rise.
The process of liberalisation in 1990-91 accelerated this trend, resulting in the service sector
surpassing the primary sector in terms of value added.

Fig. 1: Percentage Share of Real Gross Value Added at Base Prices by Industry
of Origin at constant prices (Base Price at 2011-12 Series)
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The impact of major macroeconomic shocks is also visible in the data. For instance, the
COVID-19 pandemic led to a sudden drop in value added from both the service and industrial
sectors, reflecting reduced demand and disruptions in supply chains. In contrast, the
agricultural sector remained relatively stable during this period, reaffirming its role as a

fallback livelihood source in times of crisis.

The growing importance of the non-agriculture sector is further illustrated by Figure 2, which
shows a consistent increase in the value contributed by non-farm sectors over time. This points
to a broader diversification of the economy toward industrial and service activities. Given that
a large portion of the Indian population lives in rural areas, this national shift toward non-farm
output also reflects underlying changes in rural economic activity. However, the employment
structure reveals a more complex picture. Despite the decline in agriculture's share in output, a
significant share of the rural workforce still depends on farming. This indicates a lag in

employment transition compared to production.

Fig. 2: Percentage Share of Real Gross Value Added at Base Prices by Agricultural
and Non-Agricultural Sector at constant prices (Base Price at 2011-12 Series)
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The employment of the rural sector, as shown in Figure 3A, suggests that while rural men are
increasingly moving out of agriculture, the transition is neither swift nor widespread. There has
been a notable narrowing in the employment gap between agricultural and non-agricultural
sectors for male workers over time, signalling positive diversification. However, this trend was
interrupted during 2018-19 and 2019-20, likely due to the COVID-19 crisis, which led to job
losses in non-farm sectors and forced workers—especially informal ones—back into

agriculture.

As seen in Figure 3B, the gap between the percentage of female workers in agriculture and
non-agriculture remains large, although it shows some signs of narrowing. This suggests that
women face persistent barriers to entering non-agricultural employment, such as social norms,
lack of mobility, and lower education levels. The temporary increase in the agricultural
workforce among women during the pandemic likely reflects their heightened vulnerability to

job losses in informal non-farm sectors.

Fig. 3A. Percentage Distribution of Male Workers in Usual Status (ps+ss) by
broad division of Agriculture and Non-Agriculture Sector in Rural India during
NSSO and PLFS Periods
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Fig. 3B: Percentage Distribution of Female Workers in Usual Status (ps+ss) by
broad division of Agriculture and Non-Agriculture Sector in Rural India during
NSSO and PLFS Periods
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The comparison of NSSO and PLFS datasets reveals a consistent fall in the share of agricultural
employment over decades, though the pandemic created a brief anomaly in this trend. Figures
4A and 4B provide further confirmation of this reversal in 2019-20, which illustrates how

external shocks can temporarily reverse long-term labour market shifts.
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Fig. 4A: Percentage Distribution of Male Fig. 4B: Percentage Distribution of Male
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Fig. 5A: Percentage Distribution of Female Fig. 5B: Percentage Distribution of Female
Workers in Usual Status (ps+ss) by broad Workers in Usual Status (ps+ss) by broad
division of Agriculture and Non-Agriculture division of Agriculture and Non-Agriculture
Sector in Rural India during NSSO Periods Sector in Rural India during PLFS Periods
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In the case of female labourers, the overall pattern mirrors that of male workers. However, the
gap between the self-employed and casual labour categories is more pronounced. This
underlines the dominance of low-quality, informal self-employment among rural women,

which is often undertaken due to lack of alternative opportunities.
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4.2. Study of Diversification Within Economic Sectors of India

Rural diversification, as a result of the modernisation of the rural economy, has had far-
reaching implications for the livelihoods of rural households, particularly those engaged in both
farm and non-farm activities. Even though non-farm sectors have emerged as a major driver of
diversification, dependence on agriculture remains deeply rooted in rural India. According to

Table 1, more than half of rural households are still classified as agricultural households.

Table 1: Percentage Distribution of Rural households in India
Year Agricultural Household Non-Agricultural household
2018-19 54 46
2013-14 57.8 42.2

Source: SAS of Agricultural household 2013, 2019

Among these, households with smaller landholdings are significantly more likely to engage in
non-agricultural activities. As shown in Table 2, households owning less than 0.01 hectares
have witnessed a dramatic increase in non-farm employment participation. This supports the
argument by Chandrasekhar (2015) that such diversification is largely driven by distress rather

than opportunity

Table 2: Percentage Distribution of the Agricultural Households by Broad Category of Activity
Agricultural Activity Non-Agricultural Activity
Size Class of Land Possession (ha) 2013-14 2018-19 2013-14 2018-19
<0.01 27.2 52 10.8 44.9
0.01-0.40 48.1 66.2 7.5 31.4
0.41-1.00 72.4 82.6 3.6 16
1.01-2.00 86.4 88.3 3.2 10.7
2.01-4.00 89.4 91.1 1.6 7.9
4.01-10.00 91.1 92.1 0.9 7.2
10.00+ 96.4 91.6 1.8 8.2

Source: Same as Table 1

The MGNREGA has emerged as the main pull factor for driving out rural workforce to non-
agricultural sectors, providing casual labour works to the households. However, the data on
agricultural households having MGNREGA cards suggests that the percentage of households

having MGNREGA card who have lowest land possession is 38.3 compared average of 44
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percent for all households possessing MGNREGA card, the situation does not get any better
for 2018-19, where the percentage of household having MGNREGA card falls for lowest class
and rises for the highest class. This may be due to the scattered success of the scheme, but still

raises the question of non-availability of job opportunities to those who need it the most.

Table 3: Percentage of Households having MGNREGA Cards for Each Size Class of Land
Possession
Size class of land possession (ha) 2018-19 2013-14

<0.01 26.5 38.3

0.01-0.40 42 45.3
0.41-1.00 44.1 46.3
1.01-2.00 43.6 43.8
2.01-4.00 40.6 41.4
4.01-10.00 33.7 36.1

10.00+ 33 29.3

All Sizes 42.6 44.4

Source: Same as Table 1

Further following Chandrasekhar’s (2015) argument, the workers in turn households involved
in such non- farm activities are not better off in term of job security and perks. According to
Periodic Labour Force Survey data 2017-18 to 2020-21, the percentage of regular wage

employees involved in non-farm activities without any job securities rising significantly.

Fig. 6: Percentage of Regular Wage/ Salaried Employees not eligible for any Social
Security Benefit
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More than 60% of regular wage employees in non-agricultural activities are have no written
job contract and more than 50% of the of them are not eligible for paid leave depicting a dismal

picture of non-agricultural employment.

Table 4: Percentage of Regular Wage/ Salaried Employees
PLFS Survey ) o )
_ No written Job Contract Not Eligible for Paid Leave
Period
PLFS (2017-18) 69.2 56.2
PLFS (2018-19) 67.8 56.7
PLFS (2019-20) 68.3 54.5
PLFS (2020-21) 66.3 52.3

Source: Same as Figure 4B

The evidences point out that the diversification may be distress driven owing to the condition

of the workers in non-agricultural sector.
5. Summary and Conclusion

The present study reaffirms that the rural Indian economy has indeed undergone a process of
diversification, especially in terms of production structure, as seen in the increasing
contribution of the non-farm sector to gross value added. This transformation is indicative of a
broader structural shift—one that reflects the declining share of agriculture in national income
and the rise of industry and services. However, this shift in production is not fully mirrored in
employment patterns. The rural labour force continues to show a substantial degree of
dependence on agriculture, particularly among women, suggesting that the transition in

livelihood structures remains incomplete and uneven.

A deeper examination of household-level data reveals that rural diversification is not a uniform
or voluntary phenomenon. Agricultural households—which still constitute a majority of rural

households—have increasingly engaged in non-agricultural activities. But this shift is more
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prominent among those with lower landholdings, especially those possessing less than 0.01
hectares of land. This pattern clearly supports Chandrasekhar’s (2015) contention that much of
the rural diversification observed in India is distress-driven, not opportunity-led. Households
with insufficient land for viable agriculture are compelled to seek alternative sources of income
in the non-farm sector—not out of choice, but due to mounting agrarian distress, low

productivity, and absence of institutional support.

The nature of non-farm employment that these households enter into also raises serious
concerns. The non-agricultural jobs available to them are largely precarious, informal, and low
paying. A significant proportion of regular wage workers in the non-farm sector are found to
be without written job contracts, ineligible for paid leave, and excluded from social security
benefits—conditions that have remained consistent or worsened over successive PLFS survey
rounds. These facts indicate that while the economy is diversifying, the quality of employment
being generated in the non-farm sector is alarmingly poor. Instead of becoming a driver of
inclusive rural development, the non-farm sector has, in many ways, become an employment

dumping ground for surplus agricultural labour.

Furthermore, the study highlights major gaps in the implementation and targeting of
employment support schemes, particularly MGNREGA. While the scheme is intended to serve
as a social safety net and employment source for the most vulnerable, the analysis shows that
households with the least landholding—those arguably in greatest need—have lower access to
MGNREGA cards. This gap has even widened over time, suggesting that the program has not
been able to effectively reach or retain its most critical beneficiaries. Such inequitable access
undermines the redistributive and protective role that MGNREGA is supposed to play in the
rural economy. Taken together, these findings paint a picture of rural diversification that is
largely driven by necessity rather than dynamism. It is marked by limited mobility, unequal
access to safety nets, and a proliferation of insecure jobs. While the shift away from agriculture
may be statistically evident, it is not necessarily indicative of improved well-being or economic
empowerment for a majority of rural workers. To address these challenges, the study strongly
recommends targeted policy interventions. Improving the working conditions in the rural non-
farm sector must be a policy priority. Workers in regular wage and salaried employment should
be guaranteed basic labour rights, including written contracts, social protection, and access to

benefits such as paid leave. Equally important is the need to revitalize MGNREGA through
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better targeting, monitoring, and expansion of coverage, ensuring that those most dependent

on casual employment are not excluded due to administrative or informational barriers.

In conclusion, rural diversification in India remains a double-edged sword—reflecting both the
failures of agriculture and the inadequacies of the current non-farm employment structure.
While diversification holds the potential for rural economic transformation, realizing this
potential requires focused policy attention on employment quality, equitable access, and
institutional support for vulnerable rural households.
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Curses (S@pa) as a Dramatic Device in Kalidasa’s Plays
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Abstract: In the classical sanskrit dramas of Kalidasa, especially Abhijiianasakuntalam and
Vikramorvasiyam, the sapa (curse) emerges as a pivotal literary and dramatic device. Rather
than representing absolute destruction, Sapa in Kaliddasa’s vision signifies emotional and
spiritual testing, cosmic balance and eventual resolution. Drawing upon epic and Puranic
precedents, Kaliddasa reimagines curses as instruments of both fate and compassion,
constrained in scope but powerful in effect. This paper explores how these sapa-S generate

narrative momentum, reflect Dharmic values and support aesthetic objectives within the plays.

Keywords: Curse, Sapa, Abhijiianasakuntalam, Vikramorvasivam, Dramatic device and Rasa.

Introduction: Kalidasa holds a distinguished position in the sanskrit literary tradition as a
dramatist who skillfully unites the formal conventions of the Natyasastra with a profound
insight into human emotion. In both Abhijiianasakuntalam and Vikramorvasiyam, the motif of
the sapa (curse) emerges not merely as a narrative trigger, but as a sophisticated device that
advances the plot while simultaneously articulating the ethical and emotional evolution of the
protagonists. Rather than portraying curses as arbitrary occurrences, Kalidasa reconfigures
them as purposeful, poetically rendered interventions; mechanisms of both disruption and
renewal. These sapa-s are carefully calibrated to align with the thematic demands of the drama,
offering opportunities for self-discovery, repentance and eventual reconciliation, thereby
harmonizing the metaphysical weight of divine utterance with the aesthetic and moral vision
of classical sanskrit theatre.
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1. The Curse in Abhijiianasakuntalam
1.1. Durvasas’ Curse and Its Context

In Act IV of Abhijiianasakuntalam, the sage Durvasas Visits Kanva’s asrama, where Sakuntala,
absorbed in thoughts of King Dusyanta, neglects to offer the proper hospitality. Offended by

this breach of decorum, the irascible sage utters a powerful sapa (curse):
“ah atithiparibhavini—

vicintayantl yam ananyamanasa
tapodhanam vetsi na mam upasthitam |
smarisyati tvam na sa bodhito’pi san

katham pramattah prathamam krtam iva ||
(Ah! You, who dishonor a guest—

Lost in thoughts of someone else with a mind not your own, You fail to see me, the ascetic,
who stands before you. Even if reminded, he will not remember you—

Just as one forgets a tale heard in distraction.)

This curse introduces the central dramatic conflict of the play, when Sakuntala later arrives at
Dusyanta’s court, he does not recognize her. The sapa thus functions as both a narrative turning
point and a thematic symbol of forgotten bonds, testing the endurance of love and identity

under the strain of cosmic interference.
1.2. Curse as Catalyst and Compassion

Though seemingly harsh, the sapa (curse) pronounced by the sage is not absolute in its
consequences. Upon understanding the unintentional nature of Sakuntala’s lapse, Durvasas
tempers his curse with a compassionate clause, allowing for its reversal under specific
conditions. This crucial detail is conveyed by Priyambada to Anastiya, as she recounts the

sage’s final pronouncement:
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nivartisyata iti mantrayamana evantarhitah.”?

(Therefore, my words must not prove false; however, the curse will be nullified upon the sight

of a token of recognition. Thinking thus, he disappeared.)

This line reveals that Durvasas’ curse is not absolute — it allows for the possibility of
Sakuntala’s ring, which Dusyanta recovers in Act VI. This merciful amendment transforms the
curse from a punitive act into a moral trial. This clause redefines the curse as a test of virtue
rather than a form of punishment. It introduces the idea that love and memory must be validated
not merely through emotion, but through meaningful evidence and ethical conduct. In doing
so, Kalidasa presents the curse as a dramatic device that safeguards the purity of smrti
(memory) and srrgara (love), while emphasizing reverence for dharma as the foundation of

personal and cosmic order.

Kalidasa uses the curse ($apa) not merely as a plot device but as a means to catalyze
the moral transformation of King Dusyanta. Initially portrayed as a flamboyant and emotionally
detached monarch, Dusyanta undergoes a profound shift following the curse, evolving into a
remorseful and spiritually awakened lover. This transformation is not incidental; it reflects
Kalidasa’s ideal of kingship, where a ruler must rise above personal indulgence and embody
higher ethical and emotional maturity. The curse, in this context, serves as a refining force that
strips away the king’s noncommittal tendencies and reshapes him into a figure worthy of
emulation. Such an evolution does not merely resolve the romantic conflict but also offers a
subtle commentary on the responsibilities of leadership. Through Dusyanta’s journey, Kalidasa
conveys that a true king must inspire his subjects not through power alone, but through

integrity, emotional depth and adherence to dharma.
1.3. Narrative and Emotional Function

The curse (sapa) serves as a crucial narrative device that facilitates both Sakuntala’s inner
maturation and Dusyanta’s moral transformation. By temporarily severing their connection,
the curse introduces a period of emotional trial that deepens the characters’ self-awareness and
ethical sensibilities. Dramatic irony plays a central role in this dynamic: the audience, aware of

the cause behind Dusyanta’s forgetfulness, experiences heightened karuna rasa, as they
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witness the protagonists suffer from ignorance and separation. In this way, the curse not only

drives the plot but also enriches the emotional texture of the drama.
1.4. The Dual Portrayal of Sakuntala in the Mahabharata and Kalidasa

The character of Sakuntala presents a striking contrast when viewed through the lenses of the
Sakuntalopakhyana in the Mahabharata and Kalidasa’s Abhijiianasakuntalam. In the
Mahabharata, Sakuntala emerges as a notably independent and assertive figure, unafraid to
boldly present her rightful demands before King Dusyanta. This portrayal reflects a woman of
agency and strength, navigating her circumstances with confidence. In contrast, Kalidasa’s
Sakuntala appears more submissive and emotionally fragile, embodying a persona marked by
vulnerability and longing. This shift in characterization mirrors broader social transformations
regarding the status and roles of women across different historical and cultural contexts. The
evolution from the more autonomous Sakuntala of the epic era to the delicate, compliant figure
in classical Sanskrit drama underscores changing attitudes toward femininity, authority and

societal expectations in these two distinct periods.
2. The Divine Curse in Vikramorvasiyam
2.1. Urvasi’s Mistake and Her Curse

In Act I of Vikramorvasivam, the celestial nymph Urvasi, while performing in the heavenly
play Laksmisvayambara, inadvertently utters the name of her beloved Puriiravas instead of
Purusottama. As a result, she is cursed by Bharata Muni and is compelled to live on earth as a
consequence of her emotional distraction. This lapse, an emotional intrusion into a sacred
performance, is deemed a violation of celestial decorum. As a consequence, she is cursed with

the command:

“Yena mama tvayopadeso langhitas tena na te divyam sthanam bhavisyati iti upadhyayasya

_____

(Because my instruction was disobeyed by her, you shall not attain the divine realm.)
The line reflects the serious spiritual and moral consequences of disobeying a teacher’s
command, especially in the context of ancient Indian traditions, where the guru is seen as a

direct conduit of dharma and sacred knowledge.

Such statements are not merely personal rebukes but are seen as cosmically binding due to the

spiritual authority of the speaker. The use of the future tense verb bhavisyati (will be) paired
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with na te divyam sthanam (not for you the divine abode) emphasizes the irrevocable nature of
the curse, unless counteracted by specific penance or divine intervention, as often happens in

classical narratives.
2.2. Symbolism and Transformation

UrvasT’s descent into the mortal world symbolizes the soul’s deep longing to experience the
full range of human emotions; love, separation, suffering and ultimately reunion. The curse
(sapa) she endures is not simply a punishment but serves as a transformative force that drives
her spiritual and emotional growth. This theme aligns closely with the idea of samsara, the
endless cycle of joy and sorrow, attachment and detachment. Through this, Kalidasa explores
both the metaphysical and aesthetic aspects of life, highlighting the profound journey of

existence.
2.3. Conditional Relief and Reunion

As in Abhijianasakuntalam, the curse in Vikramorvasiyam is not absolute but is tempered by
a condition that enables eventual redemption. When Urvasi is cursed by Bharata to descend to
earth for her lapse during a celestial performance, her visible distress moves Indra (Purandara)
to intervene. Acknowledging her love for Puriiravas and the king’s past service in battle, Indra
modifies the curse, permitting her return to heaven once Puriiravas beholds the face of their
child:

“Yasmin baddhabhavasi tvam, tasya me ranasahayasya rajarseh priyam karantyam. Tat tasmat

tvam Puriirabhasam yathakamam upatisthasva, yavat sa paridrstasantano bhavati.”

(You are emotionally bound to him (Puriravas) and he has aided me in battle as a royal seer.
Therefore, I must do what is dear to him. So go to Puriiravas and unite with him as you wish

and remain there until he sees the child born of you.)

This moment is pivotal in Vikramorvasiyam, where divine punishment is balanced by mercy.
The curse pronounced by Bharata Muni. Indra, as the king of Gods and a figure of cosmic
justice, intervenes out of gratitude toward Purtravas, who had once aided him in battle. His
words reflect both the recognition of love (yasmin baddhabhavasi tvam — you are emotionally
bound to him) and the reward for loyalty (tasya me ranasahdayasya — he who was my ally in

war).
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In Act V, this condition is fulfilled when Urvasi reappears before Puriiravas, bringing with her
their son Ayus, who has been raised under the protection of the sage Chyavana. Upon seeing
the child, Purtiravas experiences a moment of profound recognition and emotional resolution.
As foretold, the curse is lifted and the lovers are reunited; not just as a romantic pair but as a
family. This reunion beautifully resolves the dramatic tension, affirming the play’s deeper

themes of love, destiny and divine grace.
3. Kalidasa’s Dramatic Use of Sdpa
3.1. Structurally Controlled

In contrast to the absolute and often irreversible curses of the Mahabharata, Kalidasa’s

deployment of sapa-s is notably restrained and narratively calibrated. These curses are:
i. Temporal rather than permanent, with clearly defined durations.
ii. Emotionally instructive, serving as catalysts for personal growth.

iii. Conditionally revocable or reversible, often contingent on acts of recognition, reunion

or moral realization.

The sapa functions not as an agent of finality but as a transformative mechanism that deepens
the characters’ experiences and sustains the aesthetic harmony (rasa-samyam) central to

classical sanskrit theatre.
3.2. Rooted in Dharma and Karuna

In Kalidasa’s plays, the sages and divine figures who pronounce sapa-S are not portrayed as
antagonists but as custodians of dharma (righteous order). Their curses serve a higher ethical
and spiritual function, acting as corrective forces rather than punitive decrees. Rooted in karuna
(compassion) as much as in justice, these sapa-s are designed to realign characters with their
moral duties and inner truths. Rather than being destructive, they guide individuals toward self-

awareness, redemption and ultimately, the restoration of cosmic and emotional balance.
3.3. Influence of Natyasdastra
The Natyasastra, the foundational text of classical sanskrit dramaturgy, prescribes that

dramatic compositions must ultimately conclude on a note of harmony and auspiciousness. As

such, the notion of irreversible tragedy; so prominent in Greek and modern Western drama, is
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largely absent from this tradition. Within these aesthetic parameters, Kalidasa skillfully
employs the sapa (curse) as a narrative device that introduces emotional conflict and thematic
tension, without disrupting the overarching trajectory toward resolution. The sapa enables a
dynamic interplay between srrigara rasa (the erotic sentiment) and karuna rasa (the sentiment
of pathos), allowing both to unfold meaningfully before giving way to reconciliation and
fulfillment. In this way, Kalidasa harmonizes the demands of dramatic structure with emotional

complexity, aligning his work with the Natyasastra’s vision of aesthetic completeness—

“duhkhartanam $ramartanam $okartanam tapasvinam |

visramajananam loke natyam etad bhavisyati ||

dharmyam yasasyam ayusyam hitam buddhivivardhanam |

lokopades$ajananam natyam etad bhavisyati ||

Conclusion

In Kalidasa’s plays, the curses (sapa) functions not simply as a supernatural imposition but as
a refined poetic device that embodies themes of fate, redemption and emotional profundity. In
Abhijiianasakuntalam, the curse induces forgetfulness and separation, yet ultimately facilitates
renewal and recognition. In Vikramorvasiyam, the sapa serves as a bridge between the celestial
and mortal realms, examining the tensions between human desire and divine order. Through
these plays, Kalidasa elevates the traditional motif of the curse into a sophisticated
dramaturgical element that reinforces the principles of rasa, dharma and the authentic

emotional journeys of his characters.
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ReT 1 G fofy [efes arare 7o Pz B2, 8 @[T 97 e 4o e aaeees
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@3 AT fagafo @ AeEfece e fRrrker afeare s e TG siEfeeE e
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OIF o @8 SOy OiF AN AMCw e |

U TEIZ, S58¢-9 TS AGHTN ACTE AN IS8, (@B [{o, B e ciferrs
ST 7 (A WA APAes “mie F 26, ©f e 2 e aeitr sqeiEieres |
G FHIIEE I AT ACET & 8 o SifF el [eaprael TR S 9o *=2ed 1 9
SRR ARE 3¢ AB D RCAINRTS! Tofte AN ©fF Igrel AT [N | 58 ot wrisiicra
AN SRR Srree (0 TACOH AT spermfye IO | AP S AT, X AGSR
AR THHACT @ Gfbet *wRAR SAfEore ©f TR Tz foF ool IR 8 [=fewq |
TGS FIRITOIE “SPNet” *H BT 2T S | G998 AFAER T8 ool zaf e s
IO FOA GO, — “SINWA AACY” *HICHA AR #Ta2 Feed I owe Aerier e @RITe
el e iR G Sl IR | QIFATR TSI A S T8 7 IR foe, — “awet
TR TR W iR Sl Je618, (@b {64, 59 93k Ciferrs SeRed FFRMd Sieite
@ S Aey S AT e (e Fow” (NG Igee wisia S wieew @ fe
2GSRIV TE e “w S 3F BIR-9 AFIS 2, IHGIMO GI6F TPIRER F© | “HfafeTe
= I#CS AT ACHACT 513‘@ ?lﬁfyia@f 3fore 4l 20 | ¥24, “Text of Hirohito’s Radio Rescript”
in The New York Times, Aug 15, 1945: 3)

IR SIEE A0 fRRfRreE aFam e, TARCRRN QIR Jrad TLeFF weF@ I
T =W, e fofF (bs (ouw forem M fAedt *otera 2o 53¢ (A2 AN Ao wdifers
FEREY ¢ FAST7IFOR A Frens TR G TH© IAC MO8 7aied | “qFRmR &) G
Tfex e iee 57 ¢ wfwd-7F QféRIE 9ie oI 28 TRPTIRR S™eCE Sioiitad (Gaietsl sesigey
efsaifarer o Fofilge @rmmms 3fre 3@ 1 3 @fFe @ Tor e « “[ifes TG
(el BGH CGS ©f O ANGONT GFEANC SF NSl S ANETF T CICed TFor Efredral
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“SIEET A 10! BitF Gl g =iita wifiee Saies | o Igeia SrEe qrdiarer e e
GRS HeIC® ANCE | Q3 (226 FAGSA e WS (ST Face iEwo oF =i,
TCS! G (P WRMIEE 20e 28 911 o FIR el @36 “@e” At At Ioiefes, a o
AHB (N-FICTAN-T (AT SO0 — S0pR R9) 17 (AF TR eewaw IfF It T@d I (73
@I S IR TG (N-TIZA-F (ACTFIE: dodb — S00s ) aFe Teafamat wate aifedr
T | AT AIIO CN-TIFCAN- ASTGIICT ST ey “TGe” @ “nfwe” — G 92 JFAI i freifere
7@ PialeE, a9 T | Sie Wi el e ace 9 =@ s e e iR
VAR AR 1Y G, — FINGNSAR (FIOIE SAPAE O SR AR 3770 | G o2 do8Y-
89-9 TIIAE TP M T4 5 fraifzrem afs Tt eemt iftes, o3 (12 aegfere wiface
ol FIG FCARE PGS (FIEIF | Fiegame Tt Reafzre! ferem Tema aFR 1 2FFe,
Ve IS foe “Ye Ao w2l TeAIfIEs FPFRowiey =l (Dower, 1999: 305-6), T 5553
fobim @2 Ffe Mafer Fae TG0 @3S (e Shba - dud% fag) | v AR e
TeaoFY RO B+ e FNEeI Wik wiE o e weemdeR fofe e @@ Figfe 1 v
B @F, PAGISAR ©1F (FEIEIT Feie @icarze S0 27 (Maga, 2000: 40-1) |

TR 2% Tt @, fFEEas PeePeR 7k QFcs @ &2 ot 7td T641E G
B! FSO! TR (2% | S (¥, NGFEAT ST FAG o GF&a qN@ > o7, 7l *eF (A
2P AP R T AT 1 (N AT ANSIH 9F (1B} | CHeTOE IS TG AN
FIOIE 3o T “IET2 2@ AV W (ot 20 oI shuq 96 (@t 1 @3 wedf
T OF3 IR T ST AT, [ O O, ACRHE eaiten «| 1 @3 gt widE a2
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YT AT AR T T (FLOTTR~ Tod T (AT [eafvesrerd Wik Fwfest (Dower,
1999: 307) | PAESAR FAIG#w i ¢ e fee Are@ @2 FeaiveTele o o4, ol 76
faraifare Ioiq Reel N2 T NeT TmE E (STl | PGS FTER -TEE TWS
AR [ore ¢ O=Ee niHHeR Qb (Lo 2% o B *1oF TS TNeT Qo nis FI6Ce
eEfEE FreiE, G @RI SBT3 D FAedd aeea | @ &) ALt ThFE SIAC
BforeR FfEE WAl [Efre e dEtn ) sHaT iEbe 21 Fed (18 were wigfve
QIS (PG 2 AR, FroCa A GOt qeeeis eFe «il e form-eresma T
a3 Rarfe, FoR o Bfew ~Tefee TI&RE, 9F FoEe I WHeeE oF Wore fwm, — I=2
TeR ISR AE (@ fofe eme seafee |

TSTTR T FINTA IFF

&b TguH *IotH QA (@ A @6 wiesRisy 96411 «ff Mefbe 2riee wiEs
ST FFA F (350:¢ - dSove f3) ¢ JEW s (door - s¢qw ) T@LSt 7w | (A o3
(5360 - 33k fd3) THEATST =1 AT (I SERCOIC (TS (<ied A ANETS AFATF I Cqrgel
S | AICCET * 7 BRTes 79 QAT Sl ¥R (AT, W @ (e 7w, -
M AP AIG A TRRE O @CAE | FINFACS 2N AFT A (eTeEd afeda s
QAR 2FeTT 9B K FFA #E AR AT | FINFA (leTOE Aeqs @ AAIATLS
IR 3267 SRR (F95 | FA1G ¢ #1718 @ TRy TPhH Teiee W 33¢0-9F WF
QA2 FFA AT @ @ FefEE AN ofite Pl | agga s Mg ([w-afsfHii) @
Gifeelt ghriesica Ko s @efeee 1 sxve R o 19 @ Fitae 98 [ Io7-99
A o ZT 1 AFF (T (@ AAOT ARSET #{02 BifeTe 2, ©f 77, AN wd-Afers
+ffEfs ermaba “citEm” (AT Wi TRl ¢ TS ITIFS ST FCE QAR |
P Tgd efe S FREITE Tofe W6, W[ i 2wl 3w S, o 98 o 90
Fle Teome Mo 7 | e T Ja AGAT FR TOrS AW oI WeCAT e I A, —
oI '@ JAN-A1MeT I A1 (Susumu, 2006: 128-9) | I I, ITTFA ANNEF TIZIES G eAeelef
JFHFOIE el FEEH |

@2 ~Affgfore weie Qe T@ AR @@ ARET o @A T (AT AP @6 [om —
TR -7 Ty (I ST (5398 '8 Sy [Rie), oy Sivitaa Tfoaret 7K oxem e |
ATT A TP T T AP PieRe FACS A 1 AFF AN S T 75 R WA
eyl RFEIGH AerTer *vFelias AewiEd aw Swil 1 T d=pfe Fae agew e
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I Wl I FAO! Jacoe TO! 71 R ARG WG @ (B 2L IR WA (AR
TSR (@ (27 | O TfSRe 1 T© “(OIFEN” A, IF &L WATER &4F© IR =T | oI
JfEare wgare ANSND “FEhfrer I wIel I T U2 JRINF I AR | FINFA IFFA
T it e AmITeE s2p8 R FHerR e U aw REd v e % @ o )
OF (Tgly  AMIb! (B @oF Sefee W@we Th 1 #ff6 *OlfiT TorRred 4@ wmibl AR
SR G A 1 W RGBT @B 9B “FTiedeR w6 Wi o 1 97 T Febeer
SRFS “CSIFET (FToF” b 7A (Susumu, 2006: 129) | (RITE (B (SFET 93 LHISIEF =T
QAT T4 HIN TSI ALl o1 |

ATT FEIHF THOIF TW T4 ASOTOR Tofede [@ned a| vifets 2w e con-wrdeen
(eI SO0 — S0os [{s) GFeTI AFTP-F[AR sMrFs g7 Fae wF P | o A
“ferrfEe-cor ((79) 8 “WEIIFa-cor (FfFD) M gfo =iy [reifers 2w ey ¢ ot afswa wifc
IERE (2R ! A=Y BE)) | FNFA IFY &R FEoFCE ©i2 g2 HNE Wy ARTS-
TEAMIBIET 2ABIT (FARE | AFTH U3 TVCFA (M FNo! ool AR Meere Fet 7t Jiges
I 51 (A IFPA [AHOIS AT AT | TS TG A K WRPIFG-CO I CoMl-
TR0 T4 G 20, fof @i (e =R Ao Reafiel F@e 1 @A sovy A frew
AHER I 2@ o[ +iITe A1) 2 | T8 Abee AT " TR MR IFT-REAR v 2o

TS 1 (IR T AIO (N-TIRCA 5000 HFBA IFHEF T T Al FCA (F5 2L
(Susumu, 2006: 130-1)i

AYB (AR 7 8 (9 AL

TG (N-T 3382 (AT 338 RIGIHA *@ WG b7 A2 AGG I ©IF (S %@ (N-FIFAI-
(P AETeR e T 1| S3¢s TXBItw W foffy TG (N-FHIF- TG 7 ~Afregiel T A4 I
R TG W AT FET O TAF AG FICAN-(F (AR Svo - 3398 f&8) 1 @F Ty 3393
fXeBICwt FIG NN TP AT AGALHAT Y2 A N TSANGT FGF@ TOfRCAY (Al (A 1 59
(ATF SOy DI T4y @ *RfTAM GOBIR O ¢ APl T ATSfed @, @I % fre -5i2cere
IFA AFFE [KAAMBTS TVCEFA T2 2w | 42 JYU 21 (&8 (N-FHIFoN-7 Ieei4d “Feenfe-cer
(CSTD) 41, ST PTG ILNCF “HRFIFI&-cO (FFD) €111 926 =g ey sAfzwe-Teafaiag fife
AV TR NG WA el oI fF=eers SerehE «faea fice Smat zafes | (58 Wit ¢ JRaes
R AT CRITE ¢ R YRR Aere 7o, T F© ORI o “COIFEN Al 2AF© =T |
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N R 08 Aere ©F F@ (Sansom, 1990: 3) |

SO TAFBITH FAOHIT 27 A A2 WIZFIPG-CS * I 4T IO (oAl-TIzea Tzl 2w
FEF @, fof AremToR Fe OF Cileqmd 2BCeFA 5 11 ol ¢ o “fifsame arerrer ¢ Ae@eid
FACH 2qFFCEIA A INFA IFFEe A4 A4 e meefer 1 qeerel ol o MEw
Sf{FIE WEe fof IFEa 77 Fel & I 79 YN Af4o7e) TG TETE FACS BT |
IHFR et i RAfEs! ey WEnETa w9 (7 199 fofq clieqms et (@R A7 F1-5
(932 ARe-Seafeiad e TPt T-F6@) T 2@ G- [APM-E e s=[st 76 =M el
P | OCF 500 Bt GbF W APFA G [e0m SeAIeed &ieal @i Ji-gac fofd ey 27
AT (ACE AW W T AeId (GIIRFSer NS FIC ST« F9Co (Sansom, 1990: 9) | (TS
(B GF5F S TS FRIRA-CS! ¥4 T4 (AT A =07 7 |

IR So0o TG (N-TIZTH RN TG I @& (B 7R el FFH IFHFL
TRA TS B8 1 2 ING O O TSl IR *Nes SiEslol wrprefe «ae e
TRt | &l A T SR O Aeg0Ed TE FINGA AAEE e W6 @32 @S 8
TEDRCSITR AF2 AT 212 (@R (T | 9 DR T4 (AT-Si3ea A« fFese 2t arar
FEA IR (@S [KOCER (ARl FEA (Susumu, 2006: 173-4) | T8 (1 8 JAF (TREIR) Frol
4F TR S0 AGG (A-TIRoN Tea =T ~jFseifon IR @Y A oo A | I AL
IR (, QA 2N (ST (FINFA AFF) WITGAT @oTA2 @ 9F JS HleIee A
€3 2FF&IA (Susumu, 2006: 174) | TG (N-TIBCAE v e AT ©IZ0oN, I ASGIIE (503 -
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(Verley, 1971: 67) | IFF FAMBI (@ KO FAONF (TP AR I R, ©F Fmeagqs fzel
G N-TIZCA 6 ©fF Aframaeela =75 | ©F vy FACGH AFTTHTeg 7, 9fe esiq wifysiters embrs
e wgsd e, SR Siarwiacss ffze fee wigtafes wdifsr fofe (Sansom, 2006: 23) 1

TRT-! 7K

A (P FAAMDS 2=l (72 (@ TG CN-TIEeol AbfeTe IJAZIE (S0 (e (GrIReET | fofe
(I BIRRC O el FHCGH FAONS [OIS 1 % F e fee o @2 wee o g
IINFA ATTE TLATS FACS | ANANTS TPl oz i Sory feat wig o 130 T9 @I
sieel foce o2 fofT 39 <61 MR fee™ 1 (Sansom, 2006: 24) | AITER AL TSN el FAseifcHe
e fof #uiR FwEieEm | fof amm I=E e amce ke qrs weiee TN8 T T
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Fol 9 I, O I 99 G2 RV vy OF JASREHE Afre AE 1, 392 42 [awae qeerer
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AR “MCFARTE T TLORE MeS (Sansom, 2006: 30-2) | SET @&, AIG CAN-FICI
7 TG WERCR AR (T, MEIIPIG-Co1 4I7) (P62 FETEN FH1ePTea FIEi 200 A | FASS
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T | QAT WESICe Aeeafos 2ozt a6 CRPWE Gfo Smiel fee | sae b (e« wifg
T ferbifteaifrme SAbHEER eod | awe Sfozmfm SIeitaa 2ozt T6A1 @ “17jREd SnRfed
I e 21 T4 gre-gfeqiced 19 M Qo 7egid e AR oTA-FFwa 7 e
OIS WA FIFIED AW -2 FES IRAL IR (¥ FEFAIF I9UE T T IR, TG
e T4 77 wibeae | o G W W 27 Gifiee imer | Freofieeas TMEE-6! &
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The Concept of Karma in Vedantasara:. A Critical Analysis
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Assistant Professor, Department of Sanskrit, Vivekananda College, Kolkata

Abstract: Indian Philosophy introduces the concept of karma to explain the differences among
individual lives. Not only that, but karma has also played an important role in helping Indian
Philosophers to establish equality despite social inequality. Society demonstrates diversity at
every level. The line of thought that Indian Philosophers began to explore to look for the causes

of such disparity led them to the concept of karma.

Na hi kascit ksanamapi jatu tisthatyakarmakrt (3/5) —according to Bhagavadgita one cannot
exist a single moment without doing karma. Karma in its simplest term is ‘action’ only.
Etymologically the karma is derived from the root kr, which means ‘to do’. But according to
Indian Philosophy, the word karma has a much greater significance than just simple meaning
as ‘action’. As per the Indian Philosophy, any action that we do, produce some fruits or has a
consequence. If one sows goodness, will reap goodness; if one sows evil, will reap evil. As it
is stated in the Briadaranyaka Upanisad: punyo vai punyena karmanda bhavati, papah papeneti
(3.2.13).

In Vedanta Philosophy there are many kinds of karma from various perspectives.
Vedantasara, the Prakarana text of Vedanta Philosophy by Sadananda Yogindra offers a
description of two kinds of karma. These are the vihita karma and avihita karma, respectively.
The former refers to the karma favoured in the scriptures. The latter term stands for the karma
prohibited in the scriptures. Kamya and nisiddha karmas define avihita karma and nitya,
naimittika, prayascitta and upasana defines vihita karma. Nitya, naimittika and prayascitta
karma will benefit in cleansing the mind and updasana will help to meditate and allow the

cleansed mind for advancement in the quest for realization.
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Moksa is the ultimate goal of Vedanta Philosophy. According to Vedantins karma has taken
an important role to attain Moksa. Sadananda mentioned that by eliminating kamya and
nisiddha karma and through nitya, naimittika, prayascitta and upasana one can keep away the

polluting thoughts ensuring the purity of mind, which in turn will help in attaining Moksa.

Key Words: Karma, Vihita, Avihita, Moksa, Vedanta, Bhagavadgita, Vedantasara.

Full Paper:

Karma has been taken an important role in Indian treatise. From the Srutisastra to Smrtisastra,
from the Smytisastra to Darsanasdastra in every treatise it has been discussed in different
perspective. Indian Philosophy introduces the concept of karma to explain the differences
among individual lives. Not only that, but karma has also played an important role in helping
Indian Philosophers to establish equality despite social inequality. Society demonstrates
diversity at every level. The line of thought that Indian Philosophers began to explore to look
for the causes of such disparity led them to the concept of karma. According to them the
accumulated result of deeds done in past lives, as the root cause of the disparity witnessed at

present.

Karma in its simplest term is ‘action’ only. Etymologically the karma is derived from the
root kr, which means ‘to do’. But according to Indian Philosophy, the word karma has a much
greater significance than just simple meaning as ‘action’. As per the Indian Philosophy, any
action that we do, produce some fruits or has a consequence. If one sows goodness, will reap
goodness; if one sows evil, will reap evil. As it is stated in the Brhadaranyaka Upanisad: punyo

vai punyena karmana bhavati, papah papeneti*. As it is stated in the Sariksepasariraka —
st o 2 g

qIT - GHRIET d: IT9HAG|)
v V] oA

In Vedanta Philosophy the role of karma is very significant. The Vedantists have adopted
many divisions of action from different perspectives. Among them Sadananda, who was a
popular Advaitins of 15" -16™ centuries AD. The divisions of action in his view is the subject
of our discission. Vedantasara, the Prakarana® text of Vedanta Philosophy by Sadananda
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Yogindra classified all kinds of karma in two division. These are the vihita karma and avihita
karma, respectively. The former refers to the karma favoured in the scriptures. That is actions
that are advised by the scriptures to be performed for the welfare of mankind. The latter term
stands for the karma prohibited in the scriptures. That is actions that are advised by the
scriptures not to be performed for the welfare of mankind. Kamya and nisiddha karmas define
avihita karma and nitya, naimittika, prayascitta and upasana defines vihita karma. Nitya,
naimittika and prayascitta karma will benefit in cleansing the mind and upasana will help to
meditate and allow the cleansed mind for advancement in the quest for realization of Brahma.
Therefore, the role of the karma in attaining moksa, which is the ultimate goal of Vedanta
Philosophy, is undeniable. Although the scripters do not directly mention attaining moksa
through karma, it can be accepted without any doubt that in sequence karma is being an

important role to attain moksa.

Avihita karma:

The next question is, why do the scriptures advise against indulging in avihita karma? It is
because these avihita karmas yield results in the form of sin and virtue, which cause the jiva to
stay bound to the cycle of causality in samsara. The scriptures advise against it in order to free

Jjiva from the bondage of the sarmsara, or the perceptible world.

Kamya karma:

In the Sadananda Yogindra’s Vedantasara, the features of kamya karma have been described
as kamyani svargadistasadhanani jyotistomadini 4, i.e. the karma which translates into the
worship of the deity, or isza, is called kamya karma. Therefore, the karma which is done in the
hope of attaining a result is called kamya karma. For example, we can cite the jyotisroma yajiia
etc. In the Taittiriya Brahmana, jyotistoma yajfia has been prescribed as a way of attaining
heaven: jyotistyomena svargakamo yajeta. Therefore, yajiia such as the jyotisroma which are
performed in order to attain heaven are known as kamya-karma. The term ‘adi’ used by
Sadananda Yogindra while describing the features of kamya karma denotes citra yaga which
is performed for bestiality, kariri-yaga which is performed for rain, etc. But a question might

arise that if only karma for results can be considered kamya karma, then visvajit yaga may not
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be included in it, as there is no mention of any result it might beget. Yet, the scriptures call it a

kamya-karma. Therefore, the visvajit yaga risks the fault of avyapti in the characteristics of
kamya karma. To allay this fear, Ramatirtha Yati, the composer of exegeses on the
Vedantasara, mentioned the Mimamsasiitra in his Vidvanmanorarijant exegesis: sa svargah
syat sarvan pratyavisistatvat °. In other words, if there is no mention of any result in the vidhi-
vakyas (scriptural advice which urge one to do something) instructing beyond the well-known
rituals of daily life or nitya-karma including the Agnihotra, heaven is to be accepted as the
unmentioned result. Therefore, heaven is the result of the Visvajit-yaga. It is because heaven is
like eternal bliss, and therefore everyone desires it. Thus, it is not difficult to call the Visvajit

yaga as kamyakarma even though it mentions no result.

Therefore, yajfia performed in order to attain heaven or similarly ambitious goals are called

kamyakarma.

Nisiddha Karma:

Sadananda Yogindra describes nisiddhakarma as- nisiddhani narakadyanistasadhanani
brahmanahananadini ®. In other words, karma which prohibited is called nisiddha. The karmas
which are prohibited in the scriptures should never be performed. According to
Sarvajiiatmamuni, sadness reduced through nisiddha karma- nisiddhakarmacaranadanarthah
. Ramatirtha Yati is a compiler of exegeses on Vedantasara. He further elaborates on the
concept of the nisiddha karma in Vidvanmanoranjani and says,- linadyanusakta nafi-
yogirvakyagamyani va 8, i.e. karmas which are appended with negative instructions ending
with suffixes such as liz, loz, tavya etc. should be regarded as nisiddha karma. This list includes
the act of killing a Brahmin. To elaborate, the sentence brahmazno na hantavya# ° forbids the

act of killing a Brahmin.

Another collection of exegeses on the Vedantasara, called the Valabodhini, Apodeva mentions
another known opinion regarding the forbidden karmas or nisiddha-karma. This opinion states
that if the prayascitta-karma is not held after the committing of a murder of a Brahmin or some
such heinous act (which calls for the hell), then such karmas are to be called nisiddha-karma.

The logic behind this is that the prayascitta-karma reduces the sin of said heinous act and helps

141 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 7 PP. 138-148, (2026) ey
the sinner in avoiding hell as a result of it. Therefore, if prayascitta-karma has not been done
after committing forbidden karma that is also the characteristics of nisiddha-karma. But the
Mimamsakas do not accept this definition. They say that the aforementioned crimes retain the

penalty of hell even after the performance of all prayascittakarma®®.

Vihita karma:

Among the six types of vihita and avihita karma described by Sadananda Yogindra in
Vedantasara, the avihita karmas are said to yield direct results. The four kinds of vihita karma
do not yield any result. This means that even though the vihita karmas are capable of generating
their own results, they never cause jivas to be bound to sarmsara. Prayascitta-karma is one kind
of vihita karma and it erodes the accumulated sins of a jivas. Updsana as a karma enables a
Jjivas to attain Brahmajiiana. Thus, through vihita karma, a jivas does not only develop a right
to study the Vedantas, but also gets assistance in chain of karma in general. It contributes to

the easing of the jivas’ path to attain moksa, or the ultimate salvation.

Nitya karma:

In his book Vedantasara, Sadananda Yogindra makes a list of vihitakarmas. Nityakarma is one
such karma. Describing the features of this karma, the writer says, nityani akarane
pratyavayasadhanani sandhyavandanadini*?, i.e. the karma which, if left undone, becomes the
cause of woes to come, is called nityakarma. Let us understand the concept clearly. Sins beget
woes. When the accumulated sin begins to bear fruit, the individual begins to suffer. Scriptures
say that a regular performance of nityakarmas reduces the impact of sorrow caused by sins.
But if nityakarmas are not performed then it leads to future woes in itself. The term “@remrfa” in
the definition of nityakarma refers indicative not causetive. Therefore, not doing karma
indicates future suffering caused by forbidden actions. Here <w=rara’ means future sorrow that

has not yet generated.

Some Mimamsakas and quite a few Vedics hold that the karmas which are mentioned in the
Veda (scriptures) but for which no specific result has been mentioned, should be called
nityakarma. For example, aharaha sandhyam upasita (Smrtivakya), agnihotraz juhoti 2, the

evening ablutions and the fire sacrifice — these have no specific results mentioned.
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But Kumarila Bhatta and other Mimamsakas do not accept this. They believe that nityakarma
mitigates the accumulated sin only slightly, whereas not doing nityakarma keeps the whole sin
intact.

Ramatirtha Yati, another composer of exegeses on the Vedantasara, explained the definition
of nityakarma a little differently in his Vidvanmanoranjani exegesis and said the karma which,
when not done, indicates pratyavaya or upcoming sorrow, is called nityakarma. Accordding to
him the term ‘akaraza’ used in the definition of nityakarma refers to an abstinence from action.
Thus, the akarapa of nityakarma means not doing nityakarma. The result of action can never
arise from undone actions. So, if one does not do daily actions, how can it be the cause of future

suffering? abhava can never generate bhava- T 7 sruraTq urateawt ger=: 131 S0, pratyavaya or

sin cannot be generated from not doing nityakarma. Therefore, anybody not practicing

nityakarma and practicing nisiddha-karma invites punishments.

The Vedantasara cites evening ablutions as an example of nityakarma. In this example, the
word ‘adi’ as used by Sadananda Yogindra indicates that the five yajiias including
brahmayajiia, pitryajfia, devayajfia, bhitayajiia, and nryajiia, are also included in the list of

nityakarmas.

So, it is said that nitya-karmas such as the domestic evening ritual or ahzik must be performed

in order to avoid misery in days to come.

Naimittika karma:

Naimittikani putrajanmadyanuvandhini jatestyadini **, when a nimitta or medium comes by,
the scriptures prescribe certain karmas. These are based on the relevant medium or nimitta, and
therefore known as naimittikakarma. An example is the jatesti yajia. vaisvanaram
dvadasakapalarm nirvapet putre jate °, i.e. jatesti yajfia is prescribed after the birth of a son.
Thus, Sadananda Yogindra designates jatesti and other karma as naimittikakarma. Here the
word ‘adi’ denotes ksamavad and other srautakarma and rahiaparagasnana and other
smartakarma. All, these are mentioned in the scriptures and known as examples of naimittika
karma. Like nityakarma, a negligence of performing naimittikakarma too leads to misery in

future. It is stated by Apodeva -

TATHUT ATY T aATIh e af-raaqagied a1 58eaq: |
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An important point to be noted is that nitya and naimittika karma are not the direct causes of

woe, because the direct cause of future woe is accumulated sin.

Prayascitta karma:

The hard penance through which the mind calms itself and is satisfied is called prayascitta
karma. The Vedantasara describes the features of this kind of karma as prayascittani-
papaksayasadhanani candrayanadini ', i.e. karma which reduces sin is known as
prayascittakarma. The rites and rituals known as vratas are examples of this kind of karma.
The vrata for the lunar eclipse is an example of these. Now the question is: both nitya-
naimittikakarma and prayascittakarma reduce sin. In that case, what is the necessity of
performing this last, special kind of karma? The answer to this is that nityakarma reduces
accumulated sin and prayascittakarma reduces future sin. But the question how these acts can

have any effect on sins which are not caused by them remains unanswered.

According to Sadananda, an individual should continue prayascitta karma as long as his citta

is not satisfied and the weight of guilt lifts from his mind. According to Manu-

yasmin karmanyasya krte manasak syadalaghavam /

tasministavattapah kuryadyavattustikaram bhavet // 18
The Vedantasara includes candrayana and other sin-reducing karma in the list of prayascitta:
‘candrayanadini’.

Candrasya ayanamiva dayanamatra (vacaspatyam)- according to this etymological
explanation, the word ‘candrayana’ means having the speed of the moon. This implies that
the penance which depends on the phases of the moon is called candrayana. This penance
washes away all grave sins. There are four kinds of candrayana: pipilika madhya, yava

madhya, yati candrayana and $iSu candrayana.

The word ‘adi’ used in the definition of the prayascitta stand for prajapatya- krcchra,

santapana -Krcchra, ati-krcchra, tapta- krcchra, paraka- krcchra etc.
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Upasana:

Upa samipe dasyate sthiyate anena ityupasanam *°- according to this etymological explanation,
upasana is that through which the worshiper (upasaka) is able to approach the idol (upasya).
The meaning of ‘approach’ here is to be understood as the stabilization of the worshiper’s
(upasaka) mind (citta) in the svaripa of the idol (upasya). Therefore, upasana refers to that
characteristic of the mind which helps it settle itself in the Saguzabrahman as idol or upasya.
In his Vedantasara, Sadananda describes the characteristics of wupdsana as: updsanani-
sagurabrahmavisayamanasavyapararipani sandilya vidyadimi °, Sandilya vidya etc. are also

called upasana.

The vidya (Updsana) preached by the sage Sandilya is known after his name as Sandilya vidya.
Vidya refers to that which helps in stabilizing the citta: vidyate labhyate upasye cittasthairyam
yaya kryaya sa vidya®.The Chandogya Upanisad includes a detailed description of Sandilya
vidya:

sarvam khalvidam brahma tajjalaniti santa upasita

atha khalu kratumaya/ puruso yathakraturasmin loke /

puruso bhavati tathetas pretya bhavati sa kratur kurvita 2%/

Sadananda has called Sandilyavidya and related disciplines ‘updsana’. The word ‘adi’ here
denotes other forms of updasana such as Daharavidya, Vaisvanara vidya etc. These are
described in the eighth chapter of the Chandogya Upanisad.

It needs to be mentioned at this point that Sadananda has marked updsana to be a matter of
the mind and has distinguished it from j7iiana or knowledge. He describes upasana as also a
matter of the Sagurabrahman and therefore distinct from nididhyasana. Ramatirtha Yati in his
exegesis says, Sastrabodhite sagupe brahmani dirghakalddaranair-antaryopetamanoby-
ttisthirtkaranalaksanani  ‘upasanani’.  upasananam  jianad — bhedam  darsayati-
manasabyapararipani iti.nididhyasanad bhedam aha- ‘saguna’iti 2. The significance here is
that the sattvagura-dominated antakzkarana is called buddhi and the rajogura-dominated
antazkarana is called mana. When the mana concentrates on something, then the feeling of
unity caused by the lack of temporality between the purusa who is the sender of the manogati

and the object present before the mana is called dhyana (meditation). This dynamic meditation
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(dhyana) is called upasana. At the time of upasana, the person tries to keep the citta focused

on the idol (upasya) and prevent it from thinking other thoughts. This careful concentration of
the citta is called upasana.

Conclusion:

To conclude the discussion we sum up that in Vedanta Philosophy, a renunciation of both
kamya and nisiddha karma has been advised. This is because the former karma obtains heaven
and other high goals for the individual, thereby causing his addiction towards those results.
This addiction, like any other kind of addiction, hinders the attainment of true knowledge or
Brahmajiiana. Likewise, the sin derived from the latter kind or nisiddhakarma, too, creates a
similar hindrance. Therefore, both kinds of karma can be shown to prevent the attainment of
moksa.

Moksa is the ultimate goal of Vedanta Philosophy. According to Vedantins karma
has taken an important role to attain Moksa. Sadananda mentioned that nitya, naimittika
and prayascitta karma will benefit in cleansing the mind and wupasana will help to
meditate and allow the cleansed mind for advancement in the quest for realization. In
his book Sadananda refers attaining the path of pitrioka a secondary result of nitya-
naimittikakarma and prayascittakarma whereas attaining brahmaloka a secondary result
of updsand. On the other hand, attaing Brahma is the primary result of all these karma.
Because without these, a person does not become entitled to attain Brahma.As stated in
Vedantasdra -Reatataeal: IUraami o Sar-atswet ﬁgﬁ?ﬂ:uwwm:M/

In Naiskarmasiddhi it is stated by Suresvaracarya

“FIraeRaIISMT gaTcai: gaicad: qTaeTi: qq: foragly: ad: ganaregiaary: aq: awd,aq: qggad ad:
AT, A:  HARHAATE:,qd: AT ;e Teaengaordl, qd - aeaaedriearer e anara,ad:
arfreeae: ;ad: Tty aaearg” 25 g

Thus, by eliminating kamya and nisiddha karma and through nitya, naimittika, prayascitta and

Upasand one can keep away the polluting thoughts ensuring the purity of mind, which in turn

will help in attaining Moksa.
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Deductive inferential character of the ontological argument for the
existence of God and its importance to the argument.

Prativa Pan*

Assistant Professor & HOD, Department of Philosophy, Shishuramdas College

Abstract: The ontological argument for the existence of God aims to establish God’s existence
through the concept or idea of God itself. This paper examines the foundational ideas of Anselm
and Descartes, two key proponents of this argument, emphasizing its deductive inferential
nature. Anselm's argument is based on the concept of God as "a being than which nothing
greater can be conceived," where "greater” signifies "more perfect.” By analyzing this concept,
Anselm deduces that God's existence must be both mental and real. Similarly, Descartes argues
that existence is a defining predicate of a supremely perfect being, akin to how essential
properties define a triangle or rationality defines humanity. The paper demonstrates how the
deductive structure of the ontological argument establishes a necessary connection between
premises and conclusion, making its conclusion certain and logically inescapable.
Furthermore, this deductive character is contrasted with the cosmological argument,
exemplified by Thomas Aquinas, which lacks the same level of necessity and certainty. By
highlighting the ontological argument's deductive rigor, this study underscores its evidential
strength and philosophical appeal compared to alternative arguments for God's existence.

The very nature of the ontological argument for the existence of God is that it tries to
prove the existence of God from the concept or idea of God. All people do not possess the same
concept of God. Different people has taken God in different senses in different times. The
ontological argument has taken the concept of God in such a way that if we accept the concept
we are bound to accept its physical existence.

Two pioneers of this argument are Anselm and Rene Descartes.

In this paper I shall first explain Anselm's argument for the existence of God and try to
show that the argument possesses a character of deductive inference. Secondly | shall go to
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explain Descartes's argument and to show the same thing. And lastly I shall try to explain the
importance of the deductive inferential character to the argument comparing with the other
arguments like the Cosmological argument.

Now | shall enter into Anselm's argument. Anselm takes the Christian concept of God and
expresses it into the formula "a being than which nothing greater can be conceived "*.

Apparently, we cannot see anything in the formula from which the existence of God can be
proved. | think that there is a word in the formula that is very significant and if we do not
understand what Anselm means by the word it is not possible to prove the existence of God.
That word is 'greater’. Now what does the word 'greater' mean? The word 'greater' is a
comparative degree of the adjective 'great’. We take the word ‘great’ indifferent senses when
we say 'Ram is a great man'. Here we take 'great’ in the sense of 'mohan’ (Bengali term). That
is Ram is a mohan person. So here ‘greater' means 'Mahottara'. Again, when we say that this
house is greater than that house here we mean by greater spacially bigger. But Anselm does
not take the word 'greater' in any of the senses. By ‘greater’ he means 'more perfect'. So, if we
place 'more perfect' in place of greater then Anselm's argument will be 'God is a being than

which nothing more perfect can be conceived’.

Now question is : how does Anselm prove the existence of God from this concept of God?
This needs some explanation. Anselm says if God exist only in mind and not in reality then we
can conceive of a more perfect being than God existing in reality as well as in the mind. But as
there is nothing more perfect conceivable being than God we must admit that God exists both
in reality as well as in the mind. In this way Anselm proves the existence of God in reality.

Now I shall enter into the most important discussion of deductive inferential character of
the ontological argument. Now question is: what is the characteristic of a deductive inference
or argument. In this respect | can say that Irvine. M. Copy in his 'Introduction to logic' has
given us a clear idea about deductive argument. Copy says “A deductive argument makes the
claim that its conclusion is supported by its premises conclusively; it claims that if its premises
are all true, its conclusion must be true. Therefore, if we judge that in some passage a claim for
conclusiveness is being made, we treat the argument as deductive;” 2 Copy again says "For
logicians the term validity is applicable only to deductive arguments. To say that a deductive
argument is valid is to say that it cannot have all true premises and a false conclusion. Thus,
we define validity as follows: A deductive argument is valid if and only if it cannot have all
true premises and a false conclusion". * Copy further says that a deductive argument claims
that its conclusion follows from its premises with absolute necessity. If the conclusion does so
then the argument is valid if not it is invalid.
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From the above explanation it is clear that there is a necessary connection between the
premises and the conclusion in a deductive argument.

Now let us see how Anselm's ontological argument possesses the deductive inferential
character. We may express Anselm's argument in the following form:

Whatever is more perfect conceivable being exists both in mind as well as in reality.
God is more perfect conceivable being.
Therefore, God exists both in mind as well as in reality.

This is a deductive mediate inference (that is the argument is called a syllogism). Hence if its
premises are all true the conclusion must be true. As Anselm has taken the premises to be true
the conclusion 'God exists both in mind as well as in reality' is proved to be true.

I think that 1 am successful to show the deductive inferential character of Anselm's
argument for the existence of god.

Now | can show the deductive inferential character of the ontological argument in our own
way if we simply say that God is perfect conceivable being and not more perfect conceivable
being. That is, I want to omit the word 'more ‘from the concept of God. Now question is: what
do we mean by the word 'perfect'? | think that what is perfect must be free from all
imperfections, from all defects, lacks nothing. Now if God lacks existence in reality he cannot
be regarded as perfect. Hence from the concept that God is perfect conceivable being it follows
that he has existence in reality as well as in mind. That the above explanation can be expressed
in the form of deductive inference is obvious to all. So, I need not show it.

Now I shall explain Descartes's ontological argument for the existence of God. John H. Hick
says "Descartes brought to the fore the point upon which most of the modern discussion of the
ontological argument have centred, namely, the assumption that existence is a property or
predicate”.* Hick further says,"the essence or defining nature of each kind of thing includes
certain predicates and Descartes's ontological argument claims that existence must be included
among the defining predicates of God. Just as the fact that its internal angles are equal to two
right angles is a necessary characteristic of a triangle, so existence is a necessary characteristic
of a supremely perfect being. A triangle with its defining predicates would not be a triangle,
and God without existence would not be God". ®> Another example may be given in support of
Descartes's argument. When we say 'man is rational' ‘rationality’ is a predicate of man and not

only a predicate but a defining predicate of man. So, if we have the idea of man we must admit
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the existence of rationality. Similarly, if we have the idea of God we must admit its existence
in reality. In each case the predicate is necessarily connected with the subject.

Thus, Descartes proves the existence of God from the assumption that existence is a
defining predicate of God.

Now we can express Descartes's argument in the following deductive form.
Whatever possesses existence as a defining predicate must contain existence.
God possesses existence as a defining predicate.
Therefore God must contain existence.
The above argument is a deductive argument.

From the previous discussion we may come to a point that the ontological argument
possesses a deductive inferential character.

Now we shall pass to consider the importance of this character to the ontological argument.
This character makes the ontological argument more evident and more acceptable than other
arguments for the existence of God. To consider this it will be better to compare the ontological
argument with the other arguments. For this purpose, we shall take the case of cosmological
argument for the existence of god. We shall explain the cosmological argument in a very
nutshell. The famous pioneer of this argument is Thomas Aquinas. Hick says “unlike the
ontological argument, which focuses attention upon the idea of God and proceeds to unfold the
inner implication. Acquinas's proofs start from some general feature of the world around us
and argue that there could not be a world with the particular characteristic unless there were
also the ultimate reality which we call God".® So it is clear that Aquinas tries to prove the
existence of God from the general feature of the world. His main point is that if we do not
accept the existence of God the world around us cannot be explained.

From the previous explanation of the cosmological argument it is clear that this argument
demonstrates the existence of God from the general feature of the world. But in this argument,
there is no necessary connection between the premise (there is a world with general features)
and the conclusion (therefore God exists) since the premise does not contain the conclusion.
So, the conclusion is probable. So, if we accept the existence of the world we are not bound to
accept the existence of God. The existence of the world can be explained in different ways
without accepting the existence of God. Science has tried to explain the existence of the world
from its standpoint. Herbert Spencer, Darwin, lamark hold that the world is a result of
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evolution. In support of evolution we can show the evidences from the side of Astronomy, of
Geology, of Biology.

But in ontological argument we have seen that this argument possesses a deductive
inferential character. And for this character there is a necessary connection between the premise
and the conclusion. Hence the conclusion is certain and not probable. So the deductive
character of the ontological argument makes it more forceable, more evident, and hence more
acceptable than the cosmological argument. The cosmological argument cannot claim such
evidential and acceptable character.
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ABSTRACT: Decision-making is a complex cognitive process that entails using a critical
thought process to influence our rational deliberations and shape judgments and preferences.
Contemporary cognitive science recognises the interdependence between emotions and
decision-making processes, which challenges the classic rational choice paradigm. Emotions
influence behavioural decision-making tasks, and conversely, decisions may affect emotions.
There is a connection between these two cognitive factors. This study examines both
neurocognitive and behavioural dimensions of the cognitive mechanisms through which
emotions influence decision-making processes in daily practices. Through the different
theories, the research investigates how emotions affect attention and perceptions, which are
important factors in making decisions. The article endeavours to establish the interlink between
two phenomena, emotions and the decision-making process. It is anticipated that the findings

of the article will significantly contribute to the refinement of decision-making models.
Keywords: Decision-making, Emotions, cognitive mechanisms, behavioural dimensions
I.  INTRODUCTION

Humans possess a very complex cognitive ability to make decisions, influenced not
only by rational deliberation but also by various mental states. Cognitive science recognises
the interdependence between emotional regulation and the outcomes of a decision. Our
existence is inextricably linked to our emotions and our ability to make decisions. We can
discern a relationship between them when we concentrate on our decision-making process.

Under emotionally charged circumstances, our emotions can influence us and lead us to make
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suboptimal decisions. Humans’ emotional states, such as joy, sorrow, rage, fear, guilt, regret,
disappointment, and jealousy, shape judgements and preferences. Moreover, people often
experience a range of emotions in response to decisions, highlighting the connection between

emotions and decision-making.

Individuals feel apprehensive about specific outcomes when making decisions. It is
generally anticipated that individuals will exhibit happiness. Consequently, individuals tend to
choose the path of action that is likely to yield happiness. | choose to purchase a flower vase,
as it will provide me with happiness upon acquisition. Immediate emotions are the feelings
encountered throughout the decision-making process. Decision-making is occasionally swayed
by current emotions. For instance, when | experience sadness, | contemplate the adverse
outcomes of an alternative. Emotions significantly influence our decision-making process.
Sometimes, our emotions shape our decisions. For instance, if | am disheartened today, | may
contemplate the adverse outcome of an alternative. I might make an erroneous decision.
Emotions affect decisions in both positive and negative ways. Negative emotions such as
despair, wrath, and guilt adversely affect the decision-making process. Likewise, positive
emotions, such as love, joy, and pleasure, favourably influence decision-making. Research has
identified two types of emotions—immediate emotions and expected emotions—that influence
decision-making in specific situations, as noted by Loewenstein and Lerner. Loewenstein and
Lerner demonstrate how emotions influence decision-making. There are so many studies that
support the relationship and offer perspectives. This article intends to review the literature for

studies concerning the relationship between emotions and decision-making.
Il. OBJECTIVES OF STUDY

The research endeavours primarily to analyse the neurocognitive mechanisms involved
in decision-making processes. Secondly, the research also aims to survey the literature on the
relationship between emotions and decision-making. Then, the research investigates how much
emotional states affect decision-making processes in both controlled environments and real-
world situations. The researchers try to examine the neurocognitive mechanisms that govern
the interplay between emotion and cognition in decision-making behaviour. It tries to identify
patterns in decision-making efficacy across diverse emotional states (positive, negative, and

neutral). Through the research, our goal is to assess how well existing cognitive models can
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explain emotion-driven decision processes and then propose a refined cognitive-affective
decision-making framework integrating empirical findings.

1. RESEARCH PROBLEM

Conventional theories of decision-making tend to minimise the importance of the focus
on emotion, and the emphasis is on logical information processing, assuming that individuals
act rationally. According to actual data from cognitive science and neuroscience, emotion plays
a crucial role in decision-making by affecting perception, judgement, and behavioural results.
Despite extensive theoretical debates, the integration of neurocognitive data and behavioural
models remains inadequate to elucidate the direct impact of emotions on cognitive decision-
making processes. This disparity calls for a methodical investigation of the cognitive
connections between emotion and judgement, especially when risk assessment, uncertainty,

and moral quandaries are involved.
This article addresses numerous fundamental questions.

1. How do various emotional states, like positive, negative, and neutral, affect the results
of decisions?

2. What neurocognitive mechanisms facilitate the interplay between emotion and
cognitive control in decision-making behaviour?

3. Do individuals use more analytical or intuitive processes in high emotional states?

4. In what ways can emotional factors impact decision-making across various areas,
including moral reasoning, economic choices, and risk assessment?

5. Can a refined cognitive-affective decision model better predict real-world decision-
making outcomes compared to purely rational models?

IV. HYPOTHESIS
The article is based on three hypotheses. Those are,

H1: Emotional states significantly influence decision-making outcomes by modulating

attention, risk perception, and value assessment.

H2: Individuals experiencing significant emotional arousal will have a stronger dependence on

intuitive processing rather than analytical reasoning.
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H3: The interplay between the prefrontal cortex, responsible for cognitive control, and the
amygdala, involved in emotional processing, predicts differences in decision-making efficacy

across emotional settings.
V. RESEARCH METHODOLOGY
A. Design of Research

This article employs a qualitative, study-based research methodology informed by a
comprehensive analysis of texts in behavioural science, neuroscience, and cognitive
psychology. The aim is to investigate the significant impact of emotions on decision-making.

This essay is exclusively based on several articles and books.
B. Data Sources

This research exclusively employs secondary sources. Books, reputable internet repositories,
and articles from scholarly journals are consulted. Relevant publications published in the past
20 years are consulted using databases like JSTOR and Google Scholar, with some traditional

references incorporated for theoretical support.
C. Criteria for Selection

Peer-reviewed publications addressing behavioural decision-making models, neurocognitive
underpinnings of choice, and the role of emotions in cognition, as well as interdisciplinary

viewpoints fusing philosophy, psychology, and neuroscience, are included.

Studies that only looked at unrelated topics were excluded. This makes sure that there is a wide

range of sources that directly address the main theme.
VI. AN INQUIRY ON DECISION-MAKING

Decision-making is an intrinsic aspect of everyday life, involving both deliberate and
automatic choices that influence survival and overall well-being. Decisions are not solely based
on financial outcomes; they may also include psychological satisfaction or protection against
possible harm. For example, | am going to school without an umbrella, and I have no idea what
the weather will be like. For that reason, I’ll get wet if it does rain. In that case, getting wet is

harmful to my health, even though there is no monetary loss. Although ordinary individuals
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may neglect the mechanisms inside the decision-making process, researchers maintain a keen
interest in examining them.

To effectively understand the decision-making process, it is necessary to provide a
proper definition and a suitable explanation of its characteristics. With an example, the
discussion will be easier. Decision-making entails choosing an alternative from several options
in accordance with specific individual requirements. When a college student seeks a ladies'
hostel, she considers factors such as affordable rent, proximity to the college, and a conducive
study environment. With three options available, she assesses them: the first is close to the
college but costly and unsuitable for studying; the second is farther away but provides a better
environment and reduced rent; the third is the most economical but distant from the college,
offering a comfortable environment. She cannot find any option exactly as she wants.
Therefore, she will choose one that fulfils her highest requirements. Ultimately, her decision
will be contingent upon her budget—she will select the second option if it is affordable;

otherwise, she will proceed with the third.

According to Herbert Simon, the decision-making task is divided into three stages:
information gathering, design, and choice. In the first step, an individual identifies and lists out
the alternatives. In this stage, the individual compiles all pertinent information related to the
specific case and explores potential solutions to address the problem. Subsequently, in the
second step, the individual evaluates the consequences of each alternative. Here, the individual
designs the path by which he can get the result, whatever he wishes. And in the third step, the
individual compares the accuracy and efficiency of each consequence of the alternatives and

selects the best one.?

Many philosophers attempt to define decision-making. James Stoner defines decision-
making as “the process of identifying and selecting a course of action to solve a specific
problem.”? According to Trewartha and Newport, “Decision-making involves the selection of

a course of action from among two or more possible alternatives in order to arrive at a solution

! Campitelli, G. and Gobet, F., ‘Herbert Simon’s Decision Making Approach: Investigation of Cognitive Process Experts’,
American Psychological Association, 2010, vol-14, no-4, pp 354-364

2 Stoner, James A.F., ‘Risky and Cautious Shifts in Group Decisions’, Journal of Experimental Social

Psychology,1968, vol-4, pp 442-459
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for a given problem.”® Therefore, based on the above definitions, decision-making involves
selecting a course of action from two or more alternatives, culminating in the attainment of a

goal or the resolution of a particular problem.

One notable aspect of decision-making is that it serves purposes beyond merely solving
problems. Occasionally, we make decisions without anticipating any advantages. Suppose |
have decided to dine on Chinese cuisine tonight. There is no advantageous expectation
involved. The discussion pertains solely to the matter of contentment. What | will possess
tonight or tomorrow is a matter of satisfaction. If 1 am unable to enjoy Chinese cuisine this
evening, | will incur no loss. Therefore, problem-solving is a specific type of decision-making
process, but the decision-making process itself is not equivalent to problem-solving.

The above-discussed section highlights several features of decision-making.

Firstly, decision-making constitutes a fundamental cognitive process. But the issue
remains: how can we determine that it is cognitive? The process by which individuals utilise
their cognitive faculties is referred to as cognition. In a decision-making process, individuals
in a particular conflict situation assess their circumstances or analyse the issue, then endeavour
to identify alternative solutions to address and resolve the problem. After gathering the options,
they analyse the alternatives and choose the one that yields the most favourable result.

Therefore, it can be asserted that decision-making constitutes a cognitive process.

Secondly, the decision-making process is deliberate. In William Starbuck’s words,
“Decision implies the end of deliberation and the beginning of actions.”* People deliberately
choose an alternative from a set of alternatives. Though he can be influenced by other factors
such as past events, emotions, other people’s interruptions, etc., only he owns his decision.

Only he can select the alternatives from a given set of alternatives.

Thirdly, the decision-making process is ended by the action. This cognitive process

works until the action is finished. After choosing an alternative, an individual takes specific

3 Trewartha, R. L and Newport, M. G., Management, (3" edition), Dallas and Business Publication, USA, 1982,
pp 145-148

4 Hodgkinson, G. P. and Starbuck, William H., The Oxford Handbook of Organizational Decision Making,
Oxford University Press, Oxford, UK, 2008, pp 361-379
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actions to achieve a desired outcome. By engaging in this behaviour, an individual can

progress towards their goal.

Fourthly, the decision-making process has certain outcomes. In a problem situation,
an individual always considers the outcomes of alternatives that could help him overcome the
issue. Therefore, the outcome is a key factor in decision-making processes. When an individual
selects an alternative from a set of alternatives, he always thinks about the outcomes of each
alternative, and then he selects one outcome that is best for him. However, it is essential to
remember that a good decision does not guarantee a favourable outcome. According to the
expected utility model for decision-making, people tend to choose the option that maximises
their utility and minimises their risk.> Therefore, people always contemplate the consequences
of the alternatives, either consciously or unconsciously. When a decision satisfies the decision-
maker’s maximum hope, comfort, aim, and other factors, such as financial constraints and time
tolerance, it is considered a good decision. At times, emotions can significantly influence the
decision-making process. The extent to which emotion impacts the decision-making process

is a significant question. Hence, the discourse regarding emotion holds an important place.

VIl.STUDY ON EMOTION

Human emotions are important because they influence experiences and memory.
Feelings of joy or sadness can significantly influence what we remember, as illustrated by the
example of recalling images from a plane accident seen on television. Emotions create
associations that affect memory retention; after some time, one might only remember the
emotional images rather than the details. This emotional attachment can occur unconsciously

but ultimately impacts how we remember particular situations.

Describing emotions is difficult due to their subjective and variable nature, as illustrated
by Darwin's view of emotion as behaviour. People experience incidents differently, making
emotions challenging to articulate. While individuals are aware of their own feelings, they
struggle to define them. Although emotions can be expressed through facial and vocal cues,

understanding others' feelings remains elusive. According to Frijda et al.® (1995), people

5 Schoemaker, Paul J. H., ‘The Expected Utility Model: Its Varients, Purposes, Evidence and Limitations’, Journal of
Economic Literature,1982, vol-20, pp 529-563
6 Frijda, N. H., The Emotions, Cambridge University Press, New York, 1986

211 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 7 PP. 205-227, (2026) ey
discuss emotion. Emotions exist in our conceptual understanding, but they do not have a
physical presence in the material world. For example, sometimes people say, ‘Oh! I don’t want
to go to the zoo; there is a tiger.” In this sentence, the person expresses their fear of tigers.
When a person sees a tiger, their feelings may not be shared by others. So, it is his emotion;

we can know about his feeling but do not feel or understand.

Emotion is described as a mental and physical process where an individual reacts to
external stimuli. For instance, seeing a snake may evoke fear and a physical response, such as
stepping back. While emotions have a physical basis, they are also mental phenomena, as they
occur in the mind. Cognitive neuroscientists equate the mind with the brain, suggesting that
fear results from the activation of specific brain regions, indicating that fear can be viewed as
a physical phenomenon as well. Hockenbury describes emotion as “a complex psychological
state that involves three distinct components: a subjective experience, a psychological response

and an expressive response.”’

In the above discussions, we can define emotion as a complex phenomenon. It is
complex because it involves different types of functions, such as cognitive function,
physiological functions, action tendencies, motor expressions, and subjective feelings. These
functions characterise emotion as a unique phenomenon. Let's explain these three functions

briefly to understand the phenomenon.

Firstly, a cognitive function is involved in emotion. For example, after seeing a snake,
a person steps back from his present location. The question is, why does he change his location?
In this case, the person thinks that, if it is really a snake, then it might bite me. And if it is
poisonous, then it would be injurious to my health; it could even be the cause of my death.
Therefore, the person is calculating and analysing the consequences of the snake's bite. That

thought process tends to relocate his position.

The next function is physiological. For example, consider a person who turns back from
their current location upon seeing a snake. In this case, the cause of the person’s relocation is

a feeling of fear. According to cognitive scientists, after seeing the snake, certain changes occur

" Hockenbury, Don H. and Hockenbury, Sandra E., Discovering Psychology (4th Edition), Worth Publishers,
New York, 2007, p 136
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in the person’s brain cortex. Seeing a snake, the visual sense organ receives a stimulus. A
particular nerve is activated by stimuli received. He feels afraid and returns to his current

location solely due to that physiological change.

The next function is action tendencies. For example, after seeing the snake, the person
feels afraid, and for that, he tends to go back from the present location. The person tends to
take that action in a particular situation. After experiencing an emotion, we tend to take an
action. Taking action is our inherent tendency. If we are in a fearful situation, we will want to
leave the place. For instance, if | am afraid of ghosts, then I tend to leave and avoid dark and
lonely areas. Similarly, when we find ourselves in a pleasurable situation, we desire to prolong
that experience and often seek to recreate it. Suppose | enjoy movie with my friends, so | may

tend to make movie plans with my friends again and again.

The next is motor expression. In every emotional situation, people tend to convey their
emotions through their facial expressions. Seeing a snake, the person who is feeling afraid
expresses his emotion through his facial expression. In that case, after seeing the snake, we can
observe certain changes in his body and face, such as widely opened eyes, the relaxation of

most of the muscles, etc. This kind of facial expression is known as motor expression.

Paul Ekman and his colleagues (1971)2 researched the facial expressions of emotion.
According to their research, there are six unique, universal, and basic facial expressions of
emotions. These facial expressions are anger, disgust, fear, happiness, sadness, and surprise.
These are universal because every person in any country holds the same facial expression.
Every person shares the same facial expression in a particular state of feeling. According to
them, it is occurred by the facial muscle movements, and this ability of people is totally innate.
People use the expressions to convey their emotional states. The six basic facial expressions
are given in Figure 1. Figure 1 shows that every emotional state holds a unique facial
expression. The facial expression of anger is entirely different from the expression of fear or

happiness. Likewise, the facial expression of sadness is different from the expression of

8 Ekman, P., Friesen, W.V., and Ellsworth, P., ‘What emotion categories and dimensions can observers judge from facial

behaviour?’, Emotion In the Human Face, Cambridge University Press, New York, 1982, pp 39-55
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surprise. Therefore, from Figure 1, we can conclude that every particular emotional state has a

particular facial expression.

Happiness Sadness Surprise

Anger Disgust Fear

Figure 1°

Even children who are blind from birth can produce the appropriate facial expressions for any
given situation without ever having witnessed those expressions on others, which strongly
supports the idea that emotional expressions have their basis in biology rather than in

learning.*®

9 www.telegraph.co.uk/news/picturegallaries, date-22/3/15
10 Charlesworth & Kreutzer, 1973; Fulcher, 1942.
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The last and most important aspect of emotion is subjective feeling. Every emotion is
associated with a subjective feeling. It is subjective because the person who experiences it can
only feel it. Others could know about the feeling. A specific event could be the cause of
different emotions for different people. For example, suppose a person wants to go to a movie
with his friend. But they do not get the movie tickets. For that, he would be sad. But if his
friend did not want to come with him, he would be very happy in this situation. Therefore,
emotion towards a particular situation may vary from person to person. We cannot feel the
person’s emotions. His friend’s feeling is unique. He cannot feel his friend’s feelings; on the
other hand, his friend cannot feel like him. Feeling is totally subject-centred; except for the
subject who is in the situation, anyone else can experience the feeling. We know about the

feeling; we can sympathise and empathise, but we cannot experience it.

Emotional experiences can be understood through the observation of emotional
expressions and bodily changes, according to a theory that equates emotions with physical
changes. However, Walter D. Canon and Philip Bard later proposed that emotions encompass
both physical and mental dimensions. They highlighted the distinction between emotional
expression, which is observable, and emotional experience, which is subjective and
inaccessible to others. For example, fear felt by a person witnessing a murder illustrates this
difference: the fear is the emotional experience, while the underlying cause is the emotional
state. The discourse surrounding the nature of emotional states remains contentious, with

debates on whether they are inherently mental or physical.

In the article ‘What is an Emotion?’, William James asserts that physiologists who have
diligently studied the brain's functioning recently have only attempted to explain its cognitive
and volitional functions. Through an examination of the brain's sensory and motor centres,
researchers found that the resulting organisation corresponded directly with the division of the
mind's perceptual and volitional elements into their fundamental components, as established
by empirical psychology. Our brain's amygdala has proven to be responsible for our emotions.
It was discovered in 1819 by the German anatomist Karl Friedrich Burdach (1776-1847) in his
German writing ‘Vom Baue und Leben des Gehirns und Ruckenmarks’. From 1819 until today,

there has been much research in this area.
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Amygdala

Figure 2 (Amygdala responsible for emotion)

However, this study has largely ignored the aesthetic domain of the mind, which

includes its desires, pleasures, pains, and emotions.
VIII. INTERPLAY BETWEEN DECISION-MAKING AND EMOTION

From our everyday experiences, we do have an impression that emotions influence our
everyday decision-making processes. The complex interaction between cognition, decision-
making, and emotion necessitates additional empirical investigation, considering the
established links among these components. The investigation of emotion in decision-making
has persisted for over two decades and has garnered significant interest in the past ten years.
Several explanations try to sketch the relationship between decision-making and emotion. This

section of the article highlights some theories that prove the connection.
A. Loewenstein and Lerner’s Classification

Loewenstein and Lerner (2003)*! propose an explanation about emotion and decision-
making relationships according to the outcomes they have experienced based on particular

choices. According to Loewenstein and Lerner, emotions enter into decision-making in two

L oewenstein, G. and Lerner, Jennifer S., ‘The Role of Affect in Decision Making’, In Davidson, R. J, and
James, W.(Eds.), Handbook of Affective Sciences, Oxford University Press, Oxford, 2003, pp 619-642
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ways. To understand the role of emotion in decision-making, we need to understand these two

ways. One is the expected emotion, and the other is the immediate emotion.
e Expected Emotion:

The first influence is the expected emotion. Descriptive and prescriptive theories of
emotions assume that only expected emotions matter in decision-making. In decision-making,
people tend to choose options that they believe will maximise the net balance of positive
outcomes over negative ones. Suppose | possess Rs. 100, and | have two gambling options.
Gamble 1: if | play for tossing heads, then I will receive Rs. 50, and Gamble 2: if | play for
tails, then I will be awarded Rs. 30. There is a 50-50 chance of winning heads or tails. Naturally,

| tend to choose gamble 1 because it can maximise my net balance.

Decision theorists have not explicitly addressed emotions in their frameworks, yet the
expected utility model includes implicit assumptions about emotional outcomes. Lerner and
Loewenstein propose that this model presupposes apprehensions regarding concrete emotional
outcomes. In contrast, modern cognitive-appraisal theories propose that emotions depend on
outcomes' expectedness and their causal factors. The consequentialist model of decision-
making is essential, as it addresses decision-making under risk by emphasising selection among
probabilistic outcomes and intertemporal choice, which pertains to decisions influencing future

events.

The Expected Utility Model (EU) assumes that people choose between alternative
courses of action by assessing the utility of each action’s possible outcomes and weighing those
utilities by their probability of occurring. Von Neumann and Morgenstern's (1994)
demonstration enhances the normative status of the EU.2 A set of axioms could serve as the
foundation for the model's development. These axioms are primitive and seemingly sensible
assumptions about decision-making, such as that people should obey transitivity; that is, if
people prefer gamble A over B and B over C, then they should prefer A over C. But descriptive
research identifies some examples of human behaviour that contradict the axioms and violate

the model's predictions.

2y/on Neumann, J, and Morgenstern, O, Theory of Games and Economic Behavior, Princeton University Press, New York,
1944

217 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 7 PP. 205-227, (2026) ey

The first assumption is asset integration. According to Lope3the assumption of asset
integration in decision-making highlights that people's emotions regarding potential outcomes
influence their happiness or sadness. It presents an example of how individuals evaluate
gambles not by final results but by perceived gains and losses. While traditional models like
the expected utility (EU) assume a straightforward evaluation of outcomes, many individuals
display emotional biases, focusing more on losses than gains. The document further
distinguishes between security-minded individuals, who prioritise negative outcomes, and
potential-minded individuals, who prioritise positive outcomes. Additionally, it introduces
aspiration levels as a situational factor influencing how individuals perceive opportunities and

limitations in their decision-making process.

The second assumption is counterfactual comparison. People sometimes compare the
consequences of their decisions under different circumstances. They compare what would
happen in different situations. The result of the process is counterfactual emotions. There are
two important counterfactual emotions: disappointment and elation. Both emotions are used to
compare what happens and what is expected to happen. Loewenstein and Lerner take a specific
example from research on Olympic medallists in 1992. In 1995, Medvec, Madley, and
Gilovich found that when medallists receive their medals, bronze medallists display more
positive affect than silver medallists. In 1997, Medvec and Savitsky®® proposed that in the case
of bronze medallists, they elicit a downward counterfactual comparison, like thinking, "I might
not have won any awards.” On the other hand, silver medallists elicit upward counterfactual
comparisons, such as thinking, ‘I might have won the gold.” So, the counterfactual thoughts
can reverse. It depends on the expected relationship between objective achievement and

subjective satisfaction.

The third significant assumption is nonlinear probability weighing. The weigh that

people place on the various potential consequences of a decision is not directly proportional to

13 Lope, L. L., ‘Between Hope and Fear: The Social Psychology of Risk’, Advances in Experimental Social Psychology, 1987,
vol-20, pp 255-295

4Medvec, V. H., Madley, S. F., and Gilovich, T., ‘When Less in More: Counterfactual Thinking and Satisfaction among
Olympic Medalists’, Journal of Personality and Social Psychology, 1995, vol-69, no-4, pp 603-610

®Medvec, V. H., and Savitsky, K., ‘When Doing Better Means Feeling Worse: The Effects of Categorical Cut-off Points on
Counterfactual Thinking and Satisfaction, Journal of Personality and Social Psychology, 1997, vol-72, no-6, pp 1284-1296

218 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
=5 ",%’
g

BODHI VOL 7 PP. 205-227, (2026) wlllgaafic

the probability of the consequences occurring. According to Edwards'®, the EU assumes that
people weigh uncertain outcomes as per their raw probability weighing function. The function
best describes the behaviour. According to Prelec!’, the function is based on three primary
assumptions: first, that people overweigh small probabilities; second, that they are insensitive
to variations in probability within the midrange; and third, that they underweigh moderate and
high probabilities. Long shots have a small probability of winning. In that case, people tend to
favour long shots, which often result in substandard returns. On the other hand, in the case of

gambles that have high probabilities, people tend to undervalue.

The consequentialist model proposes a second major problem: evaluating the
consequences of decisions that involve a temporal dimension. According to Loewenstein®8, the
Discounted Utility Model (DU) specifies how decision-makers deal with delayed outcomes.
Koopmans?® considered that DU is closely parallel to EU in structure, and both have underlying
assumptions. Like the EU, the DU has been axiomatically derived. In 1992, Loewenstein and

Prelec identified a series of DU anomalies.

Loewenstein and Lerner write that, “The DU model assumes that people treat future
flows of utility in much the same way that financiers treat money flows — that they discount
them at a fixed discount rate according to when they will be experienced.”?® That means the
DU model posits that individuals discount future utility similarly to how financiers apply a
fixed discount rate. Loewenstein and Lerner argue that this discounting remains consistent
irrespective of timing, leading to ‘positive time discounting' in intertemporal choices. This

suggests that a 1-month delay in delivery is discounted the same as a longer delay, despite

Edwards, W., ‘Experiments on Economic Decision Making in Gambling Situations’, Econometrica, 1953, vol-21, pp 349-
350

Edwards, W., ‘The Theory of Decision Making’, Psychological Bulletin, 1954, vol-51, pp 380-417

1" Prelec, D., ‘The Probability Weighting Function’, Econometrica, 1998, vol-66, pp 497-527

18 Loewenstein, G., ‘The Fall and Rise of Psychological Explanations in The Economics of Intertemporal Choice’, In
Loewenstein, G and Elster, J. (Eds.), Choice Over Time, Russell Sage Foundation, New York, 1992, pp 3-34

19 Koopmans, T. C., ‘Stationary Ordinal Utility and Impatience’, Econometrica, 1960, vol-28, pp 287-309

20 oewenstein, G., Lerner, J. S., ‘The Role of Affect in decision Making’, In Davidson, R.J., and James, W.(Eds.), Handbook
of Affective sciences, Oxford University Press, 2003, p 625
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variations in timing. According to Ainslie?, people generally care more about the same time

delay if it occurs earlier than if it occurs later. This pattern is called ‘hyperbolic time discount’.

Loewenstein et al. emphasise that the gradual change in tastes over time, known as
affective forecasting, significantly influences intertemporal decision-making. Bodily state
fluctuations, habit formation from past consumption, and maturation due to ageing contribute
to these changes. The normative decision-making model asserts that individuals experience
relevant tastes during the decision-making process. However, studies on affective forecasting

reveal that individuals often make systematic errors when predicting their future tastes.

e Immediate Emotion:

Immediate emotions, as described by Loewenstein and Lerner, are emotions felt during
decision-making that affect judgement. People tend to remember information that aligns with
their current feelings and assess targets based on their emotional state. When in a positive
mood, individuals tend to evaluate targets more favourably, overestimating them, whereas in a
negative mood, they may underestimate them. This interplay of mood-congruent recall and
emotional judgment influences decision-making by affecting how people access and evaluate
relevant features. It's important to note that while both emotions and moods impact cognition,

they differ; emotions are fleeting, while moods last longer.

Following Loewenstein and Lerner, we can say that the immediate emotions influence
decisions in two distinct ways: first, immediate emotions can exert a direct impact, and
secondly, immediate emotions can exert an indirect impact. An example can explain both the
direct and indirect impacts of immediate emotions. An investor faces a conflict over
transferring savings to risky funds, leading to anxiety as a direct emotional impact.
Concurrently, his pre-existing good mood serves as an indirect emotional influence, fostering

optimism regarding the fund's prospects and his capacity to manage potential losses.

Immediate emotions result from two influences: anticipatory and incidental, as

described by Loewenstein and Lerner. Anticipatory influences arise from anticipated outcomes

2 Ainslie, G., ‘Specious Reward: A Behavioral Theory of Impulsiveness and Impulse Control’, Psychological Bulletin, 1975,
vol-82, no-4, pp 463-496
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and emotions linked to immediate feelings, whereas incidental influences originate from

elements extraneous to the decision-making process.
B. Classification of Functional Role of Affect

In 2006, Peters?® proposed that affect plays an important role in decision-making. He
identified the significant role of affect in decision-making, categorising it as both integral and
incidental. He outlined four main functions: Firstly, he identified affect as information, where
affect heuristics misassign feelings to stimuli, thereby influencing decisions as either good or
bad. Second, affect serves as a spotlight, enhancing attention to relevant information and
facilitating knowledge acquisition, linked to Bower's concept of mood-congruent memory,
which suggests that moods affect how we recall memories. Third, effect acts as a motivator,
encouraging or discouraging behaviour based on emotional responses to experiences. Lastly,
affect functions as a common currency in judgements, analogous to money in economic

transactions, guiding decision-making based on emotional experiences.

Peters, Loewenstein, and Lerner examine the metaphor of influence in decision-
making, suggesting that emotions serve as external forces affecting a predominantly cognitive
process. They suggest that while decision-making can be influenced by emotions, it operates
independently of them, maintaining a qualitative and functional distinction between emotional

and cognitive domains.

Emotions significantly influence the rational process of decision-making. According to
Damasio??, emotions can interrupt the process of achieving an optimal decision, but they may
also play a crucial role in guiding rational outcomes. Emotions lead individuals to choose
alternatives that maximise happiness and avoid those that result in unhappiness. The rationality
of decisions hinges on the appropriateness of emotions; appropriate emotions align with
rationality, while inappropriate emotions lead to irrational choices. De Sousa asserts that the

efficacy of decision-making is contingent upon individuals' capacity to generate precise

2 Peters, E., ‘The Functions of Affect in the Construction of Preferences’, In Lichtenstein, S., and Slovic, P.(Eds.), The
Construction of Preference, Cambridge University Press, New York, 2006, pp 454-463

2 Damasio, A. R., Descartes’ Error: Emotion, Reason and the Human Brain, New York, 1994
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emotional responses, thereby prompting an inquiry into the emotional mechanisms requisite

for effective decision-making.?*

IX. EMOTIONAL MECHANISMS IN DECISION-MAKING

Pfister and Bohm identify four emotional functions that are involved in the emotional

mechanisms of decision-making.

First, to make the right decision that promotes well-being, relevant information is necessary.
This concept, referred to as "providing information,” exemplifies the need for specific
knowledge to guide decisions, such as selecting a birthday gift for a friend. Understanding the
friend's taste is crucial to determining whether the gift will evoke happiness, thus helping to

evaluate emotional responses.

Real-life decisions are integral to human activities, facing situational constraints such
as time pressure. Making a decision requires a specific temporal period for choosing and
implementing an action. For instance, if one fears darkness, they may opt for safer paths but
still face decisions influenced by social invitations, such as attending a friend's evening party.
The need for speed characterises this decision-making process, which involves evaluating

options over time, enabling rapid decisions under time constraints.

In decision-making, the third mechanism involves selecting specific aspects of a
situation based on relevance. This mechanism, termed relevance, guides attention to the most

pertinent elements among the numerous principles and aspects involved in any decision.

The final mechanism is the commitment to social decision-making. It leads the decision-maker

to be concerned with social and moral decisions.

Table 1. explains these four functions in decision-making, drawing on the work of Pfister and
Bohm.

2 De Sousa, R., The Rationality of Emotion, The MIT Press, Cambridge, 1987
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Emotional Functions in Decision Making.

Function Emotion Type | Prototypes Mechanisms

Information reducible joy, (dis)liking integration, trade-offs
emotions

Speed affect-programs, | fear, disgust, sexual lust | stimulus-specific
drives response

Relevance complex discrete | regret, disappointment, | selective  attention,
emotions envy appraisal

Commitment | moral sentiments | guilt, love, anger social  coordination,

perseverance

Table 1. explains what emotions and what kind of mechanisms are involved in each

emotional function.

X. CONCLUSION

The article discusses the significant role of emotions in the decision-making process
and highlights how both expected and immediate emotions influence human behaviour.
According to Loewenstein and Lerner, expected emotions and immediate emotions have varied
effects on decision-making, but both influence human behaviour in the case of making a
decision. We have a tendency to judge behaviour based on our decisions. However, not all
behaviour is a product of decisions. Suppose | am watching a movie. This behaviour may not
be the result of my decisions; it could be the result of my emotions. | am watching the movie
to satisfy my desire. We can consider emotions as a part of information in decision-making.
Emotions might influence our decisions, but they do not take information into account when
making them. Considering emotions as information, if we take decision, we might face an error.
When we consider emotion as information in making decisions, naturally, we may be biased.
For example, | am disappointed with my performance in the examination. As a result of my
disappointment, I might decide not to attend the next examination. In this situation, my feeling
of disappointment biases my judgement, leading me to make a wrong decision. My feeling

informs me that | am not eligible for the next examination. Therefore, we should not consider
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emotion as information in decision-making. Disappointment is a negative emotion, and as a
result, it has a negative impact. We have to remember that there is no clear distinction between
negative and positive emotions. But generally, emotions that make us less confident and make
us unhappy and sad are called negative emotions, such as hate, anger, jealousy, disappointment,
etc. In contrast, emotions that make us confident and happy for ourselves are considered

positive emotions, such as happiness, joy, etc.

In contrast, sometimes decisions influence us, and we become emotional. For example,
if 1 decide not to go on a family vacation because | want to complete all my pending work,
which | consider more important than enjoyment, | am making a choice based on my priorities.
But after | make the decision, | might get upset. The cause of my feeling of being upset is my
decision. | would like to enjoy it with my family as well as complete my pending work. Both
are equally important to me, and for that, | feel sad. Therefore, decisions also influence

emotions, just like emotions influence decisions.

If emotions were not associated with our decisions, we might be similar to machines.
Computers can make decisions, but they cannot feel like us. In the absence of emotions in
decision-making, the decision may lose its value. We are more concerned about our feelings
than concrete outcomes. If an outcome makes me happy, then | will be satisfied with my

decision. So, emotions make decisions more valuable to us.

There is no uniformity in the influence of emotions on decision-making. For example,
when | am disappointed with my performance, my emotions affect my decision about whether
to appear for the next examination. On the other hand, if I am pleased, I might be overconfident

in my ability. Therefore, the influence of emotions varies from situation to situation.

Influences on decision-making are certain, but some uncertainties exist. Sometimes, we
cannot precisely recognise our emotions. Suppose my computer is not working when | need to
complete my work. I could either feel angry or feel sad. We could be confused about the state
of mind. To overcome the biases in decision-making, we have to recognise the emotions at the
time of making a decision. If we successfully recognize the present emotion, we can try not to

be biased by the emotion.
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Sometimes emotions play the role of a motivator in decision-making. People often tend
to make a particular decision based on emotions. For example, a rich businessman feels sorry
because he could not complete his school lessons due to money. For that reason, he decides
that he will donate money every year to the school. In this case, the emotion of sadness serves
as a motivator. So, we can say that the influence of emotions does not always result in a biased

decision; the influence can also enrich our decisions.

Both emotions and decisions influence each other. Though the influences of emotions
are clearer to us, we are not always sure about the role of decisions in interplay with emotion.
Both of them are equally important. However, we have to be more conscious about the bias in
our decision-making process due to emotions. Another important issue is whether we can
classify our decisions as emotional or rational. This leads us to another intriguing discourse:
whether decisions based on emotions are rational or not. It may lead us to the next quest for

the inquiry into emotions.
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slowly gathered storm at Manbhum district. However the popularity of the freedom struggle
restricted that of Language movement.
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5th February 1955. The commission submitted its report on 10 October 1955.”"

27 TR el 2T ¢ SR gl RIS FIS F IR G WCARIFE @+ TN (58!
FE | NG TGN TGAAME TAF HACS AT FAPIEI TH-AMCCTI AT Shepa-sp21Th=
Sy Fae | 193 afSA » TR $5¢8 A FY T (& I T €W 53] Aoplaz
QAT | FCE ACHEATFIAWE N (T T G (e | (26T v W @32 388 4l
TN FA G GFIAFAL FIART A AT ACHEATIIN | TGeNbe (A4, AR (<,
frgfogad wrMes, tvo MW, Toef MATS! 72 IFIHT EIFERE ALTD APHE (ST AT
o T R B 1 F5e11 8 SFIC* AN SR | @ &7 AL LB ©fF e o
Qe [ew 2foerr at3g s e, ‘932 Wi R TSR 3668 B (FFfH-Nwe
Mg 2@ TAEaee WEER 5 (¢) 4FR AT WEE sq T FY T9eEE 43R oFer
naffga 389 (@23 Tel), 3¢ (FFHIE @ATere (AT AN RFE @@9 FAws) @ag svy
(RS IS AL W) GRAICS ENFERS AL Al SDre! Tgeds (@9, @A AWl Sezfd
RS, ARG (¥, TFAbH (T, TS AT GBI (AT I |

Q0 IR & O Ogeo@ | e fnidl, qHEBA ey fof Sre wrpg . @
SCAFTFIRIOE T KRR AR SR TBICA S ONE 58 AR b «fee Sawaretd
BRRITR | (& 8 W *oFdl vo OId AfLF MAUF Bid -9 (12 T [y #eee
g el 2f W e S OFe TR 4wl natEd [ife ea T4 23R 9R @ IS
fameTc et o e KR rew 23w, (1R TN e Wil e 99 sl
e RFAMR | FANTETF SRl 779 T 7F T8 IR A ARy ety Afore 2200
ST =W || YA ISR TN AP THE G (5B FEACRA, Oy [wem
frafirescet naaife aRefre 23R Ier e v ffon aeta 329 afsfa ot o

TIFCIR ANH-ACE NP8 femd Ak SRR #0H OF8 (AR (FIREIRS IR
TR | SfME (4 SgeTb® (A OIF  (poe Wi, SER WRTS! @RSl FCF WG [
TR ¢ e ARTOR 2L ERFTOR MR SR Wik g @RIER & 7= e o
T @CARCET | 35ee TER Y fEre TvRIEIER &2w PR e 27, g, 20

232 https://www.vckolkata63.org


https://www.vckolkata63.org/

3%
BODHI VOL 7 PP. 228-238, (2026) - "Ea e
CrmT—ae EeTer R 92-8 W@ W) e @, AR 57 A AT
TqEYE 27 Tfvw ..,

RRIEd ATN-4ETgN @=ee 2308 fibe oy & worefd AEret 8 & tvowy TRl I (@,
©IZI T TG FAT (F GIF) ST A BT @aaade & Gmy F9U W Aery 1 QA
TRITS! A@ Gete] OFiore [orda a8 Srge I I @, 7077 Feae 767 @ P Ty
& FeN© NS TGINF Gy [l 35 T PIFTE (O FCIT |

&l WA T, AT TR qEwe 230 fFeg G Je NZT 1 wwmeE 20 e
Qb H (I (FFHOR IG4) AL, GV &7 ey T3] TAfF© 27 912 1 &7 FICCoF PE-
N} T2 QT QT MZ 1 FT G WSNIHT TBGF (27, Fer (T ©12Z [FEH NS
2| (HCAT (TogT ATAT G2 e AR 3, 7Y PG FlANOnT (I T [Foe
PIRRICRT O AT e PR 28T 1

IR S5y A 0 TR WeT et pfew qE Ryvm a7 ¢ [eiEs yiwE A
ez Area-few A fifre @3 fs o Faomr o wit s Raave 7w @R [fere
I, SRR fofers et oo sy w7, F199 T cadieredifs..,

A 74 RRIEF e SRreR Qe vkl FE0F, [2ae A (iR S@et R s
TR FRE@ @R G 4 AfSEY IR0 T T ORCeF TRfe WIS 23(F, ORI fArerer
IFFe 23@ 1 ..o fefare ¢ few 230, 9T 26w, FIE 28, 329
| = aftaww A SR .. oEE fofers e ofore A wwe Sree
AB SAIZANR G2 TSI ACHEER N4 SEPNLReT (@ forst igang, oy
SR fern R 1w @3 et 9<gl Shre A, wie [fee v 23 |
| TSR efspitTs o 28 WAk SRTeR R Wi W TRl [Am wiws
230J I’ CTAITA Tl A SIS 0 @, e fifere e 1w 2307 “oif5aet
¢ fRRIT geaey” | fasme dfessls (en W @, et A AFro ¢ ol 7o 230
el FERICey A ¢ 7 726 TRl O 2303 | AR W 23CS T A (T GH0-
SIS AKFST AL (ST AZTS AR qdie Frrcw@ ARos-ee e o erdrey o 2f
SRCE el SRR aRd I TS A@ GR TFFUeR KR R ey o e
SRIE frei SR T WIS ARG 1 (T8 AE @26te1 T OEE WA iy e 1

233 https://www.vckolkata63.org


https://www.vckolkata63.org/

YN
e
~nd Badfii

BODHI VOL 7 PP. 228-238, (2026)

FE B @RI AR,
Rasres @3 e g
ROV P I I S (6
ILACTE I (TSI 72 T
e  amafes  weelEe
IR | “PReHd [feazie I9-
2R e eRiRd s T e @i o= Seve ©F 271 @32 0 28 (TG «3
2 R0 AN 2@ T (AT A, I GR_E A WCe! MRl NN 2w
e o0 Wi o s Fadre! e @b
20l 1| ARSI SIS SET e S imE elfedm
BfeR AT | AT Gl &feqw wiAcs [av®
wE AR AN ARI-FFER @ o ied 2o
WOl | OIWE A2 o™ (AW FE FIRARD FAV 1 35y AT Gfed IR so oifwed
qEVAGE AGFR =T 7Y, 9RANE, 92 GfHT—S® (S ABA AN WA ASH
0T 5> T TRIg (TR I2ANF @ & @7 (JFIE 3T iy S FRAK FEH 1 @
AL IZANYE @ Sbb T IIARAT FRET 1.2 1 9= dpey A «fem e » wifaed
AR 2L 7P Y (%L TR(E, OIS WTHRICTR oW ToHE dLaae Tore I FaR
HYTNE WERFAR (TF GT CVEER SRS SRS FF @fet v eified [Jfs
e — I (@ R e 7 S, W WA S e ®e A age 7l
I

e S C :
ey WA HHD ¢RI | -
i e e,

BRI AT o T4
v 17 R

=

oic)
v 'l

Wi srnoraty i Ry o=t
RAYIAT LTANTANTN BTY | wewor
- 4

SRR AN AefAR A WA TOABE JGAR | (], [y 93fo
I (AR @ 4= e e geife eifea Sif e | wreys,
AP @ QR RS w2 o s fofq wime wiam,
TSI (T U AE—OA @2 q0IF weeel itz AP AAORE
QT 2T @Sl Bfeteg - ¢

234 https://www.vckolkata63.org


https://www.vckolkata63.org/

e

BODHI VOL 7 PP. 228-238, (2026) fadfi

GFUE (FE-ACEH AL 2R wifd=ios FFia e
ftame Paite o« AFEE; SAGME ATesce AFcIEe
M ABYNGH Wi S PRSP AL e 28 @, ATes
(A G 7Y AR 71 g (AT Ty “ICh (R0B
w—mﬂ—ﬁm@ﬁmﬁﬂﬁﬁm S5CYL'd R0 Yfele wifeed |

TIACS T3 TQIF A ([, 9¢ I2F I TGebH (FF AT S00¢ T
TR A Qe TGN FAFTOE ey Fe! e sjze
AFRTA & (ACF | AFOR 2 47 IGI, 290 2@ el
FAFTOE (T R0 AfEe (@AF v @ 7S B sa e A
meﬁmﬁﬁamm&tﬁmmﬂz@wﬁmmﬁﬁmw

a@mwﬂﬁtﬂwﬂmmﬂ?m Wﬂ\mwm/ﬂﬁsmmw ?ﬁsﬁ—»m\g[—
AR AT | T SrEe AE, Awd AYS Ogd @ (A NRHREE (Tgre 93 [A0
AN wel e qifed e el ©iF ¢ agene Emee Az e Wik @2
e smisfe FfTered | Sihd W3 WISt NLF FfAQF TEg F2ql
| oFe 23t e Afaw AT @M wiETecz L. gRiel 3
O e o T ov i ST A @dw 9P T
AVGS FleTFTel AN/ FeTFroR AR@RANME [{o@ Tl /wmie
A6 AN TREAT T6F A Tgelvd (AT O (o (#1441 2,
AT EIFERE A AAGNDE QT (TY0g OF & ToflaD
39¢ WIZE AW AfeT il AT Flerrrorn T 23 F997
TIREBTNCR 2 2300 SIRAMA [FTS FRE T 21 CIREER
@@ T8 9BIFE A TONAATA CEARPT (FIAF LT S8 ST
- AR A R

IRAIT AW T TACoF AV 9F REIB FACIe! TR T@ed Topard) weerd (el
& @ o fofere ey et WIRIce AR Tar @2 e S (e Swewma Ao
ST TN COTETR O] Sriefre |

235 https://www.vckolkata63.org


https://www.vckolkata63.org/

3%

BODHI VOL 7 PP. 228-238, (2026) - ﬂ;ﬁ s
& (T (90 TFIE ToNe} Wel F6Tl e Ao I oIS
AT IR S TFG @F A6 Toel i AME S
QAR 1 93 FA *SIES Ao, AFfed GRS afovd aar
1 SfeReme o 23ee Tone R b At TR T 2
9B TP Wee WA TofaRitrRe iR foe itd “eR

TSl | SIS WEACP I T T3 I, [0 rods) e, [l
S AR T ¢ S O A oW @ T A F0 (7@ GfsdIE AvRram e
TRMRET | @ (1 ARSI Sffem! 2R SItia T 56y THE TR (FRF (ATF 88 LAl
TR T (@I I 1 AR (R I TR Siwae AR (@[ F9 | ORI
ARSI AMIETS ©ithd 3 e (e (@oieTe A 3 e oF ceifitet® e e 7w
(T RAGY (A ATOFE (Gl FCA VTQCy e I 1 A
-2 A ABF W I 1SN ST o I 2
TF-RE ofN Teed R A FIhmeR [l @neTel 7@
PeTg B A 27 > TCSFT d5¢Y A | ©OF 7 & (7T

FoF (SN 2FEE ‘In its report, the commission proposed the

formation as well as the accession of a new district “Purulia” primarily dominated by Bengali-
speaking people to West Bengal from erstwhile Manbhum district of Bihar. The new district
comprised of 19 thana (Police stations) from the then Manbhum district. Bihar would have its
share from Manbhum district with 10 thana (Police stations) from Dhanbad sub Division and

2 thana (Police stations) of Purulia sub Division.””

sfedE Foer gidw JRaial bol AfeERE WTeN ol WiewEd wie [Kge-aR 2@
TR | 92 o seIenieT 749 beifee ©ee 6@ IR O SIwieTea w7 AR | @2
JIFNACHT SRR SIfPC TSCACH! ¢ollBl =jfRa s Wrge W=7 8y @ealfa
B A Ao T GRT! OFSIRE LR A SO AIEL IETCE Ol
AT THHE [Fg el AT TTYH O PN S AT 262 T=4TF YF- 0!
TS T |

©I2 e e SReaTde NTgN Ol AT 2fea @ eI W feye-
A1 BfOCTE HATOR SRS (AF (IR VPN U2 JRET O A | (F® AP 3
e TR Mfe-fNdemm @ibTarE gsoba R eiare e STerer 3
JREF TN O AT TORBE F7f fee (azfel | eifer, @ivRr ¢ Fi( seices IgeT=

236 https://www.vckolkata63.org


https://www.vckolkata63.org/

3%
BODHI VOL 7 PP. 228-238, (2026) - "En A
IR EOR oM FACTS QS SRR 0 GIeTa TR N-"gfod AT 431 ez |
TS AFERS HIRF AR AN NFTS! TS CFF 0 I 6T, ‘A3 Gl A S0l
NS (ATATR NAGENR T | QT8 (MR | FECS AN SRIFS ©ITA2 e AP 20R 17 q2Tl'S
S[REETAIE 22T NS SOIF AR M IR, DRME A IO 200, B F RN @2 (N
2ozl BoiR Swiel (IR 27

b W@IE J4 AN SifdE TR alfepratte Irge SWaeEs AT W6 IR
T ¢ Leretd, Mrgorl i CRMITET SIReE 20k, $498 12 dfeaife NeeE ol
CAE ISR (A IR YT FefFed FORGT b6 Al AT WAgNIPNE 98 ol
AT @S AeTa TorR Ry 2 Srote, At 3398 @WAR |

Conflict of interest

The author declares that there is no conflict of interest in publishing this paper

Funding

This work received no specific grant from any funding agency in the public, commercial or
not-for-profit section.

Data availability statement

Not applicable

T

. www.purulia.gov.in

. TR AfGFT, .00, 558Y, 7 8
. SR, 9.09,558Y, % b

[CI %

o0

. S, $5.00,558Y, % 8

S, b

. ¥iife Fieg, B, 2 e, Fererel, @REe 8 Jifnam Wegle @@, 7 80¢, 7 dud

. (AR Gl (37°011,), SIfRemiefsl «7eferl/fasly =14, dem o, Ferel, Aol admE, TEifa
008, 7 Yot

L & A

b. www.purulia.gov.in

5. 299 (T 8 wIR? WS (F771), S TOHF; SRACS AN O AHIeTe o 2feg/ g
BCBIPIR, SN A, FeTPre], (BIfe* AF, So SR 0¢, 7

S0, TV AT, L,08.55¢8, 7 ¢

237 https://www.vckolkata63.org


https://www.vckolkata63.org/

BODHI VOL 7 PP. 228-238, (2026)

0%
= ",%’
Badfii

~idd

53, STAF, 2D.52.95€€E, 7 S
5,

20,

SUIE, 20.53.95¢¢, 7 ¢
ST, 50.02.55QY, % ©
38. ST, 59.08.55¢Y, 7 9
3¢. OMF, 05.08.55CY % 5
SV, OMF, 00.08.05¢Y, 7 ¢
3. STE, 0V,0€.55¢Y, % 5

St. www.purulia.gov.in

Publisher’s note:

Vivekananda College remains impartial to legitimate claims in global and institutional

affiliations.

238

https://www.vckolkata63.org


https://www.vckolkata63.org/




2 ne

e
% "Endﬂb

BODHI VOL 7 PP. 239-247, (2026) ey

Happiness and pleasure: A Chemist's perspective

Sourajit Sarkar”
Assistant Professor, Department of chemistry, Vivekananda College, 269 Diamond Harbour
Road, Kolkata 700063, WB, India

Abstract: Happiness is an emotion that involves a range of 'positive' feelings such as joy, well-
being and an overall sense of contentment. These feelings are often associated with positive
life experiences such as: spending time with loved ones, getting engaged in enjoyable activities,
achieving life goals etc. Happiness arises spontaneously ‘from within'. Pleasure is also a 'feel
good' experience associated with enjoying something. Happiness and pleasure are not
synonymous. The present article is a study of the brain chemicals responsible for these
emotions.

Keywords: Life-experiences, Brain-chemicals, Neuroscience

1. Introduction

The evolutionary drive for survival and reproduction and the rewards associated with them
control the actions of the animal kingdom. According to our understanding of the animal
kingdom human are the only animals which can consciously experience pleasure and happiness
(although the latter is elusive). The link between pleasure and happiness has a long history in
psychology. Sigmund Freud wrote that people 'strive after happiness; they want to become
happy and to remain so'. This tendency aims to alleviate pain and displeasure, and, maximize
the feelings of pleasure. Research has revealed many networks of brain regions and
neurotransmitters responsible for the feeling of pleasure and happiness.

2. Pleasure and happiness: How they differ

We often confuse between these two terms. Understanding the differences between them is
important for many of our life decisions. Different chemical messengers are involved. Before
going into the details of the chemistry we shall try to understand on the basis of a few real-life
examples.

Pleasure stimulates one or more of our five physical senses. When we're eating a delicious
meal, we feel good. But that is not happiness. We feel pleasure from the smells and the taste of
the food. Music doesn't make us happy. It's the sounds and the lyrics that are pleasurable to our
ears. The moments of pleasure depend on external source and they do not last forever. We seek
something new to capture a moment of pleasure. Pleasure has a dark side as well. If we seek
pleasure and become dependent on it, it can be the cause of addiction. Due to the pleasure
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~had
received from whatever we are stimulating, one may get labeled something with a "-holic" at
the end of it. For example, person who finds identity in their work may be called a workaholic,
while someone who needs alcohol to function is called an alcoholic.

In stark contrast happiness is internal. It doesn't depend on our five physical senses. Happiness
is a longer experience that allows us to truly appreciate life. When someone is satisfied and
that satisfaction is reflected through a state of good mental health, that individual tends to be
happy. Being happy does not mean that everything is perfect. There could be bad days, yet the
happy person can take a broader perspective and be grateful for the many blessings of life. The
negative emotions do not matter because a happy person has moved beyond emotion itself. A
happy person can eat that meal and still be happy once that meal is done because their happiness
comes from a place that's deeper than the food on their plate. Happiness is more sustainable
but pleasure is not. (Taylor-Swaine 2021; Guy-Evans 2025)

In the following table the distinction between happiness and pleasure has been summarized.

Pleasure
Short term

Happiness
Long term

Duration

Physical sense

Not associated with the five physical
senses

Associated with the five physical
senses

Sharing Generally shared with others Generally experienced alone

Feeling Gives a feeling of contentment Never enough. Always wants more.
Effect of too much | Never can be too much. But too little | Can be too much. Too much leads to
and too little can cause depression. addiction.

Chemical involved | Serotonin Dopamine

Table-1: Difference between happiness and pleasure (Taylor-Swaine 2021; Guy-Evans 2025)

3. Neurotransmitters: The brain's chemical messengers

Some compounds present in the nervous system (neurotransmitters) are responsible for the
regulation of all our emotions. Our body cannot function without these chemical messengers.
They carry chemical signals (messages) from one neuron (nerve cell) to the next target cell
(which may be another nerve cell, a muscle cell or a gland). Our body has a vast network of
nerves (known as the nervous system). The nervous system controls everything from our mind
to your muscles, as well as organ functions. The neurons send and receive information from all
body sources. This constant process is essential for the optimal function of our body.

Neurons are made of the following parts: (i) A cell body. The cell body produces the
neurotransmitters and maintains the function of the cell. (ii) An axon. The axon carries the
electrical signals along the nerve cell to the axon terminal. (iii) An axon terminal. This is
where the electrical message is changed to a chemical signal using neurotransmitters to
communicate with the next group neuron, muscle cells or organs.

Neurotransmitters are present at the axon terminal. They are stored in the synaptic vesicles
(thin-walled sack like structures). Each vesicle can contain thousands of neurotransmitter
molecules. When an electrical signal travels along a nerve cell, the electrical charge causes the
vesicles containing neurotransmitters to get fused with the cell membrane of the neuron. Then
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the neurotransmitters are released from the axon terminal into a fluid-filled space between one
nerve cell and the next target cell (synaptic cleft).

In this synaptic cleft the neurotransmitters carry the message across less than 40 nanometers
(by comparison, the width of a human hair is about 75000 nm). Each type of neurotransmitter
binds to a specific receptor on the target cell. After the binding the neurotransmitter triggers a
change in the target cell (like an electrical signal in another nerve cell, a muscle contraction or
the release of hormones from a cell in a gland).

o~

—

¢\, , DEGRADATION
(1

"\\\ duuzmzv

NEUROTRANSMITTER

DENDRITE

ik
RECEPTOR '

\ ] REUPTAKE
X TRANSPORTER
NERVE CELL - SYNAPTIC CLEFT

CELL BODY

AXON

Fig. 1: Mechanism of action of neurotransmitters

241 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ@U .
<~

<=
BODHI VOL 7 PP. 239-247, (2026) - "Ea i

4. Neurotransmitters involved in the emotions of happiness and
pleasure

As mentioned earlier happiness and pleasure are not synonymous. Still the neurotransmitters
responsible for these emotions are collectively called the happiness agents (or happy
hormones). These are serotonin, dopamine, oxytocin and endorphins.
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Fig. 2: Structure of serotonin, dopamine, oxytocin and endorphins
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5. Specific roles of the happiness agents

(i) Role of serotonin

Serotonin is a neurotransmitter as well as a hormone. As a neurotransmitter serotonin carries
chemical messages between the neurons in the CNS (central nervous system) and throughout
the body or PNS (peripheral nervous system). Serotonin influences learning, memory,
happiness as. It has crucial role in regulating body temperature, sleep, sexual behavior and
hunger. A wide range of mental capacities essential our social life, e.g. emotion and impulse
control, decision making are influenced by serotonin. Lack of enough serotonin causes
depression, anxiety, mania as well as several physiological problems.

Serotonin is produced in our body from the essential amino acid L-tryptophan (an essential
amino acid is essential for life process but it cannot be synthesized in our body and must be
taken through diet).

COOH
NH, COOH

NH,

O

tryptophan hydroxylase H
N tryptophan-5-mono-oxygenase -

H
L-tryptophan /\v N
0 5-hydroxy tryptophan (5-HTP)

2
tetrahydrobiopterine hydroxy-tetrahydrobiopterine

pyridoxal phosphate | 5-HTP decarboxylase
HO

NH,

N
H
5-hydroxy tryptamine (serotonin)
Fig. 3: Biosynthesis of serotonin (Verlinden et. al. 2015)
(ii) Role of dopamine

Dopamine is produced in the substantia nigra, ventral tegmental area, and hypothalamus of the
brain. Calabresi et al. reported the role of dopamine in the modulation of behavior and
cognition; voluntary movement; motivation; punishment and reward motivation; inhibition of
prolactin production; sleep; dreaming; mood; attention; working memory; and learning. For
our current context we will focus on the punishment and reward motivation only. Dopamine
gives one the motivation to do something pleasurable. (Calabresi et.al. 2007)

Dopamine is part of our 'reward’ system. The human brain is ‘wired' to seek for behaviors that
release dopamine. When one is engaged in something pleasurable, the brain releases large
amount of dopamine. The person feels good and seeks more of that feeling. This often leads to
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addiction. Higher than necessary dopamine level is characterized by feeling euphoric, highly
energized, often a high sexual drive. Such high dopamine levels have several detrimental
effects such as: aggressiveness, poor impulse control, trouble sleeping etc. Mania, obesity and
addiction are three major disease triggered by too much dopamine.

Dopamine is precursor of two very important hormones: nor-epinephrine and epinephrine.
These two hormones play central role in the body's 'fight-or-flight' response. When the body
perceives a threat, these hormones are rapidly released from the adrenal medulla and
sympathetic nerve endings.

COOH  tyrosine hydroxylase HO COOH
S ' S
mN H, O,ltetra-hydro-bio-opterin H NH,
H H . ,
© L-tyrosine ¢ © L-dihydroxy phenyl alanine

H,0/di-hydro-bio-opterin or L-dopa or leavodopa
-CO; | dopa decarboxylase

OH
HO NH, dopamine-B-hydroxylase

HO NH;
O,/ ascorbic acid :O/\/
HO ¢ HO

Nor-epinephrine or . _
nor-padrgnaline H,O/ dehydro-ascorbic acid Dopamine

phenyl methanol
amine
N-methyl transferrase

\

OH
|
HO \

epinephrine or
adrenaline

Fig. 4: Biosynthesis of dopamine, nor-adrenaline and adrenaline (Cosentino et. al. 2015)

Epinephrine primarily increases heart rate, cardiac output, and blood glucose levels by
stimulating glycogenolysis and lipolysis. It dilates the airways and helps to increase the intake
of oxygen. On the other hand, nor-epinephrine mainly acts as a vasoconstrictor. It causes
increased blood pressure by narrowing blood vessels. These two hormones prepare the body to
respond to acute stress by enhancing physical performance and alertness, ensuring that energy
and oxygen are efficiently delivered to vital organs and muscles.

Dopamine functions as both a neurotransmitter and a hormone. In the CNS dopamine is crucial
for regulating mood, motivation, and reward, playing a significant role in the brain's pleasure
and reward pathways. This chemical messenger is also essential for motor control and acts as
a vasodilator, particularly in the kidneys, where it helps regulate blood flow and sodium
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excretion. Additionally, dopamine influences gastrointestinal motility and modulates the
release of various hormones, making it integral to multiple physiological processes.
Dopamine detoxification (dopa detox)

Detoxification is a medical term meaning the removal of some toxic substance from the body
with the aid of some 'medicine’. Dopamine detoxification is different. Here medication is not
involved. Dopamine detoxification means getting restrained from activities that produce
dopamine (pleasurable activities). It decreases reward sensitivity. People attempting a
dopamine detox detach themselves from everyday stimuli, such as social media, sugar,
shopping playing games or watching porn. They are replaced by impulsive habits and lifestyle
choices which are less impulsive. The process can last for a few hours or several days.
However, no substantial evidence supports the concept of ‘dopa detox'. (Desai et.al. 2024)

(iii) Role of oxytocin

Oxytocin is a hormone that plays crucial role in many aspects of our reproductive system (labor,
delivery, lactation etc.). Oxytocin is synthesized in the hypothalamus and the posterior pituitary
gland stores and releases it your bloodstream. Oxytocin stimulates uterine contractions in labor
and childbirth and stimulates contractions of breast tissue to aid in lactation after childbirth.
Several aspects of human behavior are influenced by this hormone. These are: sexual arousal,
recognition, trust, romantic attachment and parent-infant bonding. (Miranda et.al. 2025)

(iv) Role of endorphins

The term "endorphin™ has been derived from the following two words: "endogenous,"”
meaning within the body and "morphine," an opioid analgesic drug. They are released by the
pituitary gland and the hypothalamus. They lower or altogether remove pain sensation, lower
stress, improve mood, and enhance our sense of well-being. Our body produces more than
twenty different types of endorphins. Each of them has specific functions. Among these the
beta-endorphins are particularly potent stress and pain relievers (even surpasses the powerful
effects of morphine). Endorphins relieve symptoms of depression, ease anxiety and stress,
reduce pain during childbirth. Endorphins are responsible for the blissful feeling many people
experience after having sex. It is believed that endorphins help the release of other hormones
involved in feelings of love. (Chaudhry, Gossman 2023)

6. Conclusion

The four brain chemicals discussed above are responsible for communicating thoughts,
emotions, and feelings like euphoria and desire. They support biological processes involved in
learning and memory, sleep, digestion, and many other. These chemical messengers influence
one's interpretation and interaction with the world around. Each of these happy hormones have
unique role in managing mood, emotions and motivation. If their role could be summarized in
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one line it would be: (i) Dopamine supports feelings of reward and motivation. (ii) Serotonin
helps maintain emotions. (iii) Oxytocin (the 'love' hormone) gives a rush of pleasure from
affection and connection. (iv) Endorphins give a surge of pleasure, often in response to
occasional discomfort or stress. Maintaining a healthy concentration of these compounds is
vital for overall well-being. Many a times external stress factors affect their level, but we can
maintain a healthy level of these brain chemicals following healthy lifestyle and diet. A detailed
discussion of these life skill practices is beyond the scope of the present study.
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Abstract: Parabens are a group of preservatives which are widely used in daily life products
such as tooth pastes, cosmetics, shampoo, conditioner etc; in food items such as beverages,
jams, baked products etc for their anti-microbial properties. Their ease of usage has somehow
eclipsed their harmful effects until the past decade. Animal studies and in vitro studies have
reported paraben toxicity and its Endocrine disrupting nature. It is important to assess their
potential hazards to human health. This review aims to simplify the major researches

conducted on parabens, to be understood in a comprehensive way.
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1. Introduction

In the recent times concern regarding the adverse effects of xenobiotics is increasing.
Xenobiotics are foreign chemicals found in an animal body which is neither produced in the
body nor expected to be there. Generally, they enter the body from external sources such as
food, food additives, drug, pollutants etc. They disrupt hormonal balance and signalling. These
compounds are categorized under a separate class: endocrine-disrupting chemicals (EDCs). In
present times there is concern regarding their margin of safety the extent to which the users are
exposed to them (Darbre, 2015). Association of EDCs has been suspected with various health
issues, such as altered reproductive ability, increased risk of breast carcinoma, abnormality in
growth patterns of children, delays in neurological development in children, and changes in

immune system in children. (Bergman et al. 2013)

Parabens are a group of EDCs that have drawn significant attention (Vandenberg et.al. 2012).
They are prepared by esterification of para-hydroxy-benzoic acid and they are used as
antimicrobial agents in toiletries, hygiene products, beauty products and cosmetics, food
products and pharmaceutical products. (Myridakis et al. 2015) (Guo and Kannan 2013). The
estrogenic and androgenic activity of Parabens is a reason for concern. It can disrupt the normal
hormonal balance and functioning in the body. PBs can be toxic to reproductive organs,
potentially affecting their structure and function. PBs have been found to promote breast cell
growth, which increases the likelihood of breast carcinoma (Polloc et al. 2017). Parabens were
detected in malignant breast neoplasm during the studies of Darbre et al. (Darbre et al. 2004).
Parabens have been detected in different biological samples such as: blood, semen, urine,
adipose tissue, placenta, amniotic fluid, and maternal milk. These findings have become serious
health concern. (Raza et al. 2018) (Fisher et al. 2017) (Shekhar et al. 2017)

2. General overview of parabens

Parabens are esters of para hydroxy benzoic acid (Boberg et al. 2010). The most common
parabens are: (i) Methyl paraben (MeP) (ii) Ethyl paraben (EtP) (iii) Propyl paraben (PrP) (iv)
Butyl paraben (BuP) (v) Pentyl paraben (PeP). Iso-propyl paraben (iso-PrP) and isobutyl
paraben (iso-BuP) contain branched alkyl chain.

Parabens exhibit excellent chemical stability and remain effective across a broad pH range.

They possess wide-ranging antimicrobial properties, especially against Gram-positive bacteria
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and fungi, including molds. Additionally, parabens are odourless and tasteless, which make
them popular as preservatives (Giulivo et al. 2018) (Sheskey et al. 2017). Parabens are
commonly used preservatives in the cosmetics, pharmaceuticals, and food industries. In
cosmetics, parabens are primarily found in topical preparations; In pharmaceuticals, parabens
are used as inactive ingredients for their antimicrobial properties. The most commonly used
parabens include methylparaben, ethylparaben, propylparaben, and butylparaben. In the past,
parabens were frequently used in injections and ophthalmic preparations due to their
antimicrobial properties. However, their use in such products has been reduced to minimize
potential irritations (Soni et al. 2002) (Soni et al. 2005) (Bfedzka et al. 2014). The antimicrobial
activity of parabens are found to increase with increase in the length of their aliphatic chain,
progressing from methyl paraben to butyl paraben.

@]
O O %
O_CH2CH3 O_CH2CH2CH3

0-CH;
Methyl paraben (MeP) Ethyl paraben (EtP) Propyl paraben (PrP)

Je P
HO—QC HO <
O-CH (CH3)2

'0-CH,CH,CH,CHj
Butyl paraben (BuP) iso-Propyl paraben (iso-PrP)

@)
7
O_CHz-CH (CH3)2

iso-Butyl paraben (iso-BuP)
Fig-1: Structure of some common parabens
3. Physiochemical properties of parabens

In their pure form, parabens exist as white, monochromatic crystalline solids and exhibit
stability under normal conditions. They are characterized by their odourless nature and a subtle
burnt taste (Elder 1984). The physicochemical properties of parabens are influenced by the
substituent present in the structure. With increase in the length of the alkyl chain resistance to
hydrolysis increases. Interestingly, regardless of their structure, parabens are inert towards
hydrolysis in acid medium. (Soni et al. 2005) (Bledzka et al. 2014).
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Characteristics MeP EtP PrP BuP BzP
Chemical formula CgHgO3 | CoH1003 | C1oH1203 | CiiH140s | C14H1203
Molecular weight (g/mol) 152.16 166.18 180.21 194.23 228.25
PKa 8.17 8.22 8.35 8.37 -
Solubility in water at 25°C (g/100ml) 2.00 0.86 0.30 0.15 0.05
Log octanol-water partition 1.66 2.19 2.71 3.24 3.56
coefficients (log ko-w)
Melting point (°C) 131 | 116-118 96-98 68-69
Boiling point (°C) 270-280 | 297-298 - - -
Refractive index 1.525 1.505 1.505 - -

Table-1: Physico-chemical properties of parabens
4. Advantages of using parabens as preservatives

The properties that have made parabens suitable to be used as preservatives are: (i) broad
spectrum activity against yeasts, moulds and bacteria, (ii) chemical stability over a wide
temperature interval and pHs ranging from 4.5 to 7.5 (iii) chemical inertness (iv) low degree
of systemic toxicity (v) low frequency of sensitization (vi) sufficient water solubility (vii)
relatively safe use (viii) low costs of production (ix) no perceptible odour or taste (x) not
causing changes in consistency or coloration of products (Aguilar-Bernier et al. 2012)
(Guadarrama et al. 2008) (Soni et al. 2001). Parabens are classified as "generally regarded as
safe” (GRAS) compounds and have been approved for use in food products by regulatory
bodies such as the US Food and Drug Administration (FDA) and the European Union (EU).
(Soni et al. 2001).

5. Exposure to products containing parabens

Some of the everyday-products that contain considerable amounts of parabens are: (i) Skincare
products: Moisturizers, facial cleansers, toners, serums, and creams. (ii) Hair care products:
Shampoos, conditioners, hair styling products, and hair dyes. (iii) Body care products: Body
lotions, body washes, shower gels, and deodorants. (iv) Makeup products: Foundations,
powders, blushes, eyeshadows, mascaras, and lipsticks. (v) Sunscreens: Some sunscreens may
contain parabens as preservatives, although many brands now offer paraben-free options. (vi)
Fragrances: Perfumes, colognes, and body sprays. (vii) Oral care products: Toothpaste,

mouthwash, and some lip balms. (viii) Baby care products: Baby lotions, shampoos, and
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wipes. (ix) Pharmaceuticals: Parabens can also be found in some pharmaceutical products,
such as topical creams and ointments.
6. Absorption of parabens
Absorption of Parabens in the human body has been studied under two broad categories:
Dermal absorption: Parabens have been detected in human tissues. It raises the question
whether topically applied cosmetic products contribute to the build-up of parabens in the body.
Parabens are known to be easily absorbed through the skin. The hydrolysis of parabens by skin
esterases may remain incomplete, especially when we consider the increasing use of cosmetics
(Darbre et al. 2004) (Harvey et al. 2004). In vitro studies have shown that a significant amount
of applied parabens can penetrate the skin intact, with ~ 30% of propylparaben and even higher
percentages of methylparaben and ethyl-paraben crossing the skin in animal models (Bandro
et al. 1997) (Pedersen et al. 2007). Recent studies have shown that the hydrolysis of parabens
by esterases is slower in human skin compared to rat skin. It indicates that predictions based
on rat skin metabolism may underestimate the absorption of paraben into human skin tissues

following topical application (Prusakiewicz et al. 2006) (Harville et al. 2007)

Ingestion: Despite their use as preservatives, information about the presence of parabens in
food and their dietary exposure in humans has been limited. In a study conducted in Albany,
New York, total 267 food samples from various categories such as beverages, dairy products,
fats and oils, fish and shellfish, grains, meat, fruits, and vegetables were collected. These
samples were analysed using high-performance liquid chromatography-tandem mass
spectrometry to determine the concentrations of five parabens. The results showed that more
than 90% of the food samples contained measurable concentrations of parabens. Methyl-,
ethyl-, and propyl-parabens were the most commonly detected compounds, accounting for
approximately 90% of the total concentrations. Butyl- and benzyl-parabens were detected less
frequently.

There were no significant differences in paraben concentrations among the different food
categories, including canned foods. Based on the measured concentrations and per capita daily
ingestion rates of foods, the estimated daily intake (EDI) of parabens through food ingestion
was calculated. The EDI values of total parabens varied depending on age groups, with infants,
toddlers, children, teenagers, and adults having estimated values of 940, 879, 470, 273, and
307 ng/kg of body weight per day, respectively (Liao et al. 2013)
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7. Metabolism of parabens

After oral administration, parabens are quickly absorbed from the gastrointestinal tract and
bloodstream. Both oral and dermal administrations are likely to be followed by the hydrolysis
of parabens by non-specific esterases, which are widely distributed throughout the body and
are abundant at entry sites such as the skin, subcutaneous fat tissue, and the digestive system.
The primary product of paraben hydrolysis is 4-hydroxybenzoic acid (Soni et al. 2005) (Ye X
et al. 2006). Laboratory tests conducted on rats have shown that after dermal application more
than 50% of the applied parabens remained unabsorbed (Aubert et al. 2012) Orally or
subcutaneously (under the skin) administered parabens were primarily excreted in the urine,
with the majority being eliminated within the first 24 hours. However ~2% of the administered
doses were retained in tissues and carcasses, while less than 4% were excreted through faeces
(Aubert et al. 2012). Parabens and their hydrolysis products are excreted in urine either in their
free form or as conjugates with glycine, glucuronide, sulphate etc. (Janjua et al. 2008).
Efficiency and pattern of the hydrolysis of parabens in the body vary significantly depending
on the length of the alkyl chain and the specific tissue involved (Imai et al. 2006) (Ozaki et al.
2013). The human skin contains several carboxyl-esterase iso-forms which are able to
metabolize parabens to p-hydroxy benzoic acid. But the levels and activities of esterases may
be insufficient for complete hydrolysis of topically applied parabens (Darbre et al. 2006). In
vitro studies have shown that parabens undergo much slower hydrolysis in human skin
compared to human liver, rat liver, and rat skin (Harville et al. 2008). Following dermal
administration, a portion of methyl paraben (MeP) may not undergo hydrolysis. It causes build
up of the un-metabolized compound (Pazourekova et al. 2013). Skin damage can further
increase the absorption rate of MeP. Furthermore, continuous exposure to parabens may result

in their persistence and accumulation in the body (Ishiwatari et al. 2007).

Numerous studies have highlighted a notable pattern in paraben excretion. Methyl paraben
(MeP) has been detected in significant quantities in urine, indicating its substantial excretion
through urine. Propyl-paraben (PrP) is the second most excreted paraben. Excretion of other
parabens decreases as the alkyl chain length increases (Kang et al. 2013) (Frederiksen et al.
2011). Higher levels of parabens have been observed in urine samples collected from females
compared to males. This difference may be attributed to variations in the usage of cosmetic

products between the two genders (Ma et al. 2013) (Asimakopoulos et al. 2014). The
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metabolism, distribution, and elimination of parabens exhibit complex dynamics influenced by
factors such as administration route, hydrolysis efficiency, tissue-specific differences, and
potential for systemic availability.
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Fig. 2: Metabolic routes of parabens in humans
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8. Effect of parabens on the endocrine system

Extensive research has been dedicated for the study of the effects of parabens on the internal
organs. Many researchers used animal models to identify the impact of parabens, these studies
have provided general insights into the influence of parabens on the following internal organs.

Adrenal gland

The adrenal glands play a vital role in synthesizing various steroid hormones, such as gluco-
corticosteroids (e.g. cortisol), mineralo-corticosteroids (e.g. aldosterone), and steroid sex
hormones (e.g. progesterone, androgens, and estrogens). Hormonal balance is crucial for the
proper functioning of numerous physiological processes. According to a study, no significant
alterations were found in the weight and histopathology of adrenal glands in rats' foetuses and
dams exposed to butylparaben (BuP) in utero (Taxvig et al 2008). However, another study
revealed that exposure to methyl paraben (MeP), ethyl paraben (EtP), propyl paraben (PrP),
isopropyl paraben (iso-PrP), and BuP led to an increase in adrenal gland weight and a decrease
in thyroid gland weight (Roshan et al. 2016). Altered weight and structure of the adrenal glands

can have significant consequences for maintaining hormonal balance.
Reproductive glands

It was found that BuP, but not MeP, EtP, and PrP, decreased the mass of reproductive organs
in rats (Oishi. 2001) (Oishi. 2002) (Oishi. 2004). The decrease in epididymis weight in male
rats exposed to BuP varied depending on the paraben dosage. Conversely, high doses of iso-
PrP, BuP, and isobutylparaben (iso-BuP) resulted in increased uterus weight in female rats (Vo
and Jeung 2009). Exposure to MeP, EtP, PrP, iso-PrP, and BuP was found to cause
morphological changes in ovaries followed by an increase in organ mass (Roshan et al. 2016).
Studies involving pregnant rats exposed to BuP, histo-pathological showed changes in the
prostate gland and testicles as well as decreased mass of the reproductive organs in the
offspring (including testicles, ovaries, and nipple outgrowth) (Zhang et I. 2014) (Boberg et al.
2016).

Thyroid gland

The thyroid gland is responsible for the synthesis and storage of thyroxine (T4) and tri-iodo-
thyronine (T3). These hormones are important for regulating various biological functions such
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as influencing protein and carbohydrate synthesis, initiation of fatty acid catabolism,
enhancement of bone metabolism and nervous tissue growth, regulation of kidney and
cardiovascular system functioning etc. The secretion of thyroid stimulating hormone (TSH) by
the pituitary gland and the availability of iodine are key factors in regulating this process.
(Mondal et al. 2016)

Studies involving pregnant women showed simultaneous increases in the levels of butyl
paraben (BuP) and free thyroxine (FT4) in urine samples taken during specific stages of
pregnancy. Additionally, an increase in the levels of methyl paraben (MeP) was associated with
increased FT4 levels at an earlier stage of pregnancy and decreased FT4 levels at a later stage.
These fluctuations in thyroid hormone levels align with the physiological changes that occur
during pregnancy. It suggests that the observed results may not be solely attributed to paraben
exposure (Chen et al. 2007).

Analysis of data from the National Health and Nutrition Examination Survey in the USA
indicated that urinary levels of ethyl paraben (EtP) and propyl paraben (PrP) were associated
with decreases in total T4 levels in both female and male serum samples. In female adults,
higher levels of EtP, PrP, and BuP were negatively associated with serum levels of free tri-
iodo-thyronine (FT3). However, no such association was observed in males (Aker et al. 2016).

Despite the extensive research conducted on the effects of parabens on humans, there are many
unanswered questions. Specifically, the associations between thyroxine levels and the presence

of parabens in humans are not yet fully understood, which require further research.
9. Anti-androgenic activity of parabens

BuP has shown weak anti-androgenic activity in human breast cancer cells (MDA-kb2) in a
dose-dependent manner (Chen et al. 2007). Recent research found this effect in human
embryonic kidney cells (HEK 293), where MeP, PrP, and BuP formed complexes with nuclear
receptors, resulting in a ~40% decrease in testosterone-induced transcriptional activity (Pop et
al. 2016). The anti-androgenic activity of BuP was found to be enhanced when the cells were
exposed simultaneously to other endocrine disruptors like butylated hydroxy-toluene and
butylated hydroxy-anisole. Testosterone is a male hormone which has crucial role in regulating
the spermatogenesis in the testicles. Disruptions in testosterone secretion and concentration in

the blood can adversely affect spermatogenesis (Roshan et al. 2016). Studies have shown that
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exposure to PrP in male rats and mice led to lower levels of testosterone in the serum,
accompanied by a dose-dependent decrease in sperm quantity and quality (Roshan et al. 2016)
(Oishi. 2002). The exposure of male rats to PrP and BuP was also associated with a reduction
in sperm reserve in the epididymis (Zielinska 2016) (Oishi 2001). Offspring from male rats
which had been exposed to BuP (10 mg/kg b.w./24 h) exhibited decreased sperm quality as
well (Boberg et al. 2016, Guerra et al. 2017). In these animals, an increase in the number of
Leydig cells, responsible for testosterone production, was observed. After exposure to BuP at
a dose of 200 mg/kg b.w./24 h the levels of testosterone increased while there was a decrease
in the serum concentration of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) for female rodents (Guerra et al. 2016). In pregnant rats exposed to BuP (64-1000 mg/kg
b.w./24 h), a slight increase in LH and FSH levels was observed, and their offspring showed
altered levels of testosterone, FSH, and LH (Zhang et al. 2014). However, no changes were
observed in testosterone levels in the testicles of rat foetuses when their mothers were exposed
to BuP (200 and 400 mg/kg b.w./24 h) during pregnancy (Taxvig et al. 2008). On the other
hand, MeP and EtP (at doses of 100, 400, and 1000 mg/kg b.w./24 h, respectively) did not
affect testosterone, LH, FSH levels, or spermatogenesis (Taxvig et al. 2008). The results from

animal studies are divergent, and it is difficult to draw any clear conclusions.

Human studies have not shown consistent correlations between urinary paraben levels and
hormonal disruptions. High levels of parabens detected in urine have not been found to be
correlated with decreased sperm quality (Meeker et al. 2011) (Scinicariello et. al. 2016)
However a relationship was observed between urinary levels of BuP and DNA damage in
sperm, measured as the percentage of DNA located in the tail (Tail%) in the comet assay
(Meeker et al. 2011) Nevertheless, a correlation between decreased semen quality parameters

could not be established from the experimental data.
10. Estrogenic activity of parabens

Numerous studies conducted over the past century have provided the evidence that estrogens
play a crucial role in the development, progression, and treatment of breast cancer (Miller.
1996) (Lonning 2004). The concern is about the chemicals that can enter the human breast and
mimic estrogens actions. In vitro and in vivo assay systems have demonstrated that all

commonly used parabens mimic estrogenic activity (Harvey et al. 2006)
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There is evidence that exposure to parabens can disrupt the concentrations of female steroid
sex hormones. A study involving pregnant women in which the levels of estradiol,
progesterone, and sex hormone-binding globulin (SHBG) were measured along with urinary
concentrations of parabens (MeP, PrP, and BuP); indicated that increased levels of BuP were
correlated with low estradiol levels and a decreased estradiol/progesterone ratio. Additionally,
increased levels of MeP were associated with higher levels of SHBG (Lonning 2004). In vitro
studies have demonstrated that parabens (MeP, EtP, PrP, and BuP) can competitively bind to
estrogen receptors (ERs) and result in phosphorylation and conformational changes, leading to
specific cellular responses (Lillo et al. 2016) (Yamaguchi 2007). ERa and ER are present in
various tissues with tissue-specific distribution. The affinity of parabens for ERwp has been
found to increase with the length of the alkyl chain, and parabens with branched chains or
aromatic rings have a higher binding ability (Vo et al. 2011). However, in vitro studies have
shown that the affinity of parabens for ERs is 100,000 to 500,000 times weaker compared to
17-B-estradiol (Byford et al. 2002) (Pugazhendhi et al. 2005). Some in vitro studies did not
observe estrogen-like activity for MeP (Vo et al. 2005).

11. Limitations of research

(i) In vitro vs. in vivo studies

Many of the studies of parabens have been conducted in laboratory settings using cell cultures
or animal models. These studies provide valuable insights. But they may not represent the

complexities of human physiological responses to paraben exposure.
(i1) Dose and exposure levels

The dosage and exposure levels used in studies may not accurately represent real-life scenarios.
Parabens are commonly used in a wide range of consumer products, and actual exposure levels
can vary greatly among individuals. The impact of long-term, low-dose exposure to parabens

is still not fully understood.
(iii) Variability in study designs

Different studies use different methodologies, sample sizes, and endpoints. It causes difficulty
to compare and draw definite conclusions. There is a need for standardized protocols and

consistent study designs.
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(iv) Limited human studies

The studies conducted on humans included limited number of participants and the duration of
exposure in these studies are often limited. Larger and more comprehensive studies are

necessary.
(v) Confounding factors

Exposure to parabens is often associated with exposure to other chemicals, such as phthalates
and bisphenol-A. They have overlapping effects on the endocrine system. It is challenging to
isolate the specific effects of parabens when considering the potential influence of these

confounding factors.
(vi) Lack of long-term studies

The existing studies on parabens mostly focus on short-term effects, and there is a lack of long-
term experiments to study the cumulative and chronic effects of paraben exposure on human
health.

Addressing these limitations through well-designed and rigorous research studies will

contribute to a better understanding is necessary.
12. Conclusion

Impact of parabens on human health remains an inconclusive and conflicting topic. Some
studies suggested potential concerns such as estrogenic activity, association with breast cancer,
reproductive toxicity etc. Sufficient data is not available to establish any of these claims.
Further research is required to address data gaps, including long-term carcinogenicity and
reproductive toxicity studies. Future research need to focus on the mechanisms of endocrine
disruption, assessing human exposure levels, exploring synergistic effects with other
chemicals, and identifying safer alternatives as preservatives. Consumer awareness is vital.
Balancing product safety and potential risks requires scientific investigation, collaboration

among stakeholders, and evidence-based decision-making.
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Abstract: A survey of the tree flora within the campus of Vivekananda College, Kolkata,
recorded 90 species representing 78 genera and 34 families. The checklist comprises of four
gymnosperm and 86 angiosperm species. The family Fabaceae and the genus Ficus recorded
highest species richness. Most (58%) species are native, but a significant proportion (42%) is
exotic. Only a few (7%) species are categorized as threatened in their natural habitats. The
rich and diverse tree assemblage of the campus underscores its role as an urban biodiversity
refugium. Maintaining and enhancing the tree diversity, especially native species, is therefore

imperative.

Keywords: college campus, Kolkata, plant checklist, tree flora, urban environment.

INTRODUCTION

The idea of a ‘green’ city transcends the boundaries of space, time, and culture. Arguably, this
term itself is an oxymoron, a utopian aspiration, or even an emerging inevitability
(Blassingame, 1998). Urban landscapes as human-modified environments represent an extreme
reordering of the natural world to accommodate intense anthropogenic activities that often have
profound negative impacts on the urban ecosystems (Woolley, 2003). Urban sprawl, the
uncontrolled transformation of rural surroundings into urban areas, is most conspicuous along
the expanding fringes of metropolitan centres (Rajendran et al, 2024). Urban green spaces, the
enduring vestiges of nature in a cityscape, are open spaces encompassing all private and public

lands in and around cities with natural or artificial vegetation cover in the form of forests, parks,
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gardens, roadsides, campuses, ‘green’ walls, ‘green’ roofs, and even vacant plots (Edeigba et
al, 2024). The wide range of ecosystem goods and service provided by the urban greenery can
mitigate myriad negative effects of urbanization and enhance the quality of life for urban
dwellers (Wolch et al, 2014). The network of urban greenery offers a host of tangible and
intangible, economic, environmental and social benefits, and this is increasingly recognized as
integral to the development of a city’s ‘green’ infrastructure (Benedict and McMahon, 2006).
Trees are woody perennials with distinctive size and longevity that dominate urban green
spaces and provide a host of ecosystem services (Dobbs et al, 2018). The provisioning services
supply wild edibles, herbals and firewood especially to the marginalized. The supporting
services sequester carbon, restore disrupted nutrient cycles, and function as refugia for the
threatened biota. The regulating services filter polluted air and water, stabilize erosion-prone
soil, dampen noise pollution, reduce heat islands, and buffer extreme meteorological
conditions. The cultural services provide open classrooms, offer recreational facilities and
enhance aesthetic appeal. In the context of the emerging climate crisis, the planning and
management of urban treescapes assumes additional raison d’étre (Douglas, 2011). To quote
the Roman poet Caecilius Statius, serit arbores, quae alteri saeclo prosint (“one plants trees,
that will benefit another age”) (McCartney, 1945). Therefore, the ecological stewardship of
planting trees, as long-term investment, makes it imperative for the urban planners to act now
to realize sustainable, resilient and liveable cities of the future.

India, a mega-diversity country, has a remarkably diverse flora. Kolkata, formerly
Calcutta, the largest metropolis in eastern India, is situated on the eastern bank of the Hooghly
in the Lower Gangetic Delta, only 100 km north of the Sundarbans. The arboreal heritage of
Kolkata and its environs (Benthall, 1946) is a vivid tapestry woven through the city’s vibrant
history. The urban trees embody a harmonious coexistence of the remains of native vegetation
from the pre-colonial past (Naskar, 1993), introduced exotic elements exchanged during the
colonial era (Axelby, 2008), and the post-colonial influx of exotic ornamentals facilitated by
the global free trade regimes (Hulme, 2009). Thakurpukur, an urbanized neighbourhood of
Behala in southwest Kolkata, was historically part of the rural hinterland until the influx of
refugees from East Pakistan (now Bangladesh) in the mid-twentieth century. Following its
inclusion in the then Calcutta Municipal Corporation in 1984, this area witnessed urban sprawl
characterized by loss of vegetation, and increase in built-up areas (Aich and Das, 2023).
Vivekananda College, erstwhile Barisha College, was established in 1950 in the eponymous
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area of Behala. The institution was relocated further south in 1959 to its present campus. Given
the lack of previously published research, this study endeavours to compile a checklist of
campus trees and to draw insights into the taxonomic diversity and ecological significance.

MATERIAL AND METHODS

Study Area

Vivekananda College, located on Diamond Harbour Road (NH 117) near Thakurpukur Bazar
in Southwest Kolkata (22°46°30” N, 88°30°88” E), has a large campus (6.17 acre) with a pond,
a playground, a vacant plot and a network of gardens, all surrounding by extensive tree cover.
Although most of the original trees were lost with the expansion of built-up areas, the campus
greenery has been maintained through regular tree planting activities.

Botanical Survey

A preliminary survey divided the campus into 11 zones: plots (i) north and (ii) south of main
gate; gardens (iii) at the centre of the campus, (iv) at the centre of Science Block, and (V)
between Administrative Block and Jibanananda Bhavan; plots (vi) between Administrative
Block and PG Building, (vii) behind PG Building, (viii) behind Arts and Commerce Block, (ix)
behind Science Block; (x) the staff quarter premises; and (xi) the playground (Fig. 1). During
repeated visits across seasons from January 2022 to December 2024, habit, morphology and
phenology of trees were noted. Flowering twigs were collected for laboratory study. Herbarium
sheets of selected species were deposited in the college herbarium housed in the Department

of Botany.

Data Analysis

After initial field identifications, botanical identities were confirmed using the standard
literature (Prain, 1963; Naskar, 1993; Krishen, 2006). Local (Bengali) names of species are
anecdotal. Accepted names of taxa were and biogeographical data were recorded from the
website Plants of the World Online (POWO, 2024) which largely follows the APG system.
Conservation status of taxa was noted from the website The IUCN Red List of Threatened
Species (IUCN Red List, 2024).
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Fig. 1. Map of the campus of Vivekananda College, Kolkata. Grey: built-up areas within the campus.
Green: open areas within the campus. Blue: water bodies in and around the campus.

Modified from http://www.maps.google.com, accessed on October 1, 2024
Buildings: Administrative Bock (AB), Arts & Commerce Block (ACB), Jibanananda Bhavan (JB), PG Building

(PG), Science Block (SB)

RESULTS AND DISCUSSION

Taxonomic Diversity

The present study of campus trees documented a total of 90 species belonging to 78 genera and
34 families (Table 1). This indicates broad phylogenetic spread and substantial species richness
in this urban campus, in comparison with previous studies in Kolkata (Das et al, 2020). The
tree flora comprises exclusively of seed plants dominated by dicotyledonous flowering plants.
This includes four gymnosperm species (4.4%)—two cycads (2.2%) and two conifers (2.2%),
and 86 angiosperm species (95.6%)—nine monocots (10.0%) and 77 dicots (85.6%). This is
consistent with the floristic structure typical of the tropical lowland ecosystems in the Lower
Gangetic Delta (Naskar, 1993). Among the plant families recorded, Fabaceae was the most

dominant one with 18 species, followed by Moraceae (9 spp.), Arecaceae (6 spp.), Myrtaceae
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(5 spp.), Apocynaceae, Malvaceae and Meliaceae (4 spp. each) (Fig. 2). The members of the
legume family with the ability to improve soil fertility through nitrogen fixation are versatile,
fast-growing, and trend to dominate urban greenery (Muthulingam and Sekar, 2012). The genus
Ficus Tourn. ex L. is represented by seven species, followed by Syzygium Gaertn. (4 spp.),
Artocarpus J.R. Forst & G. Forst, Magnolia Plum. ex L. and Terminalia L. (2 spp. each). The
figs, common sacred trees in India’s urban ecosystems, function as keystone species that

support a wide range of frugivorous pollinators and seed dispersers (Gadgil and Guha, 1993).
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Fig. 2. Species richness of plant families of tree species recorded on the campus of Vivekananda

College, Kolkata.

Study period: from January 2022 to December 2024
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Biogeographical Range

The documented tree species represent Indo-Malaya (51.7%) as well as all other recognized
terrestrial biogeographical realms, except Antarctica (Fig. 3). Most (57.8%) species are native,
but a significant number (42.2%) are exotic. Excoecaria agallocha L. (Euphorbiaceae), a
common mangrove of the Indian Sundarbans, is perhaps the only truly indigenous species (Pal
and Chaudhuri, 2012). Madhuca longifolia (L.) J.F. Macbr. (Sapotaceae), a deciduous tree
entrenched in the autochthonous lore of Central India, is perhaps the most noteworthy native
species (Sikarwar, 2002). Another native tree, Moringa oleifera Lam. (Moringaceae), is a
ubiquitous multipurpose tree across the plains of India (Gopalakrishnan et al, 2016). Fruit-
yielding native trees include a few important underutilized ones such as Artocarpus lacucha
Buch.-Ham. (Moraceae) (Islam et al, 2018) and Grewia asiatica L. (Malvaceae) (Mandal and
Sahoo, 2024). Native ethnomedicinal trees include Aegle marmelos (L.) Corréa (Rutaceaee),
Alstonia scholaris (L.) R.Br. (Apocynaceae), Azadirachta indica A. Juss. (Meliaceae),
Saraca asoca (Roxb.) W.J.de Wilde. (Fabaceae), Terminalia arjuna (Roxb.ex DC.) Wight &
Arn. (Combretaceae), and Vitex negundo L. (Lamiaceae), to name a few (Santhosha and Kar,
2017). Among the native timber-yielding species Dalbergia sissoo Roxb. ex DC. (Fabaceae),
Gmelina arborea Roxb. ex Sm. (Lamiaceae), Tectona grandis L.f., and Toona ciliata M.
Roem. (Meliaceae) are widely distributed, but Pterocarpus santalinus L.f. (Fabaceae) is
endemic to the Eastern Ghats (Arunkumar and Joshi, 2014). The most prized native ornamental
tree is perhaps Butea monosperma (Lam.) Kuntze (Fabaceae) (Kumari et al, 2022). Among the
non-native tree species, nearly half (42.1%) are neotropical species introduced during the
colonial era through the Columbian Exchange (Crosby, 2003). Interestingly, the neotropical
Leucaena leucocephala (Lam.) de Wit (Fabaceae) is now considered an invasive weed due to
its rapid growth, prolific seed production, broad ecological tolerance, and tendency to form
monospecific stands that suppress native vegetation (Kohli et al, 2012). From the other side of
the globe, Cycas revoluta Thunb. (Cycadaceae), the traditional sources of sago (starch) in
Southeast Asia, was introduced to South India in the nineteenth century as potential famine
food (Roxburgh, 1814). In contrast with the plethora of exotics introduced and naturalized in
South Asia during the eventful colonial past, a few non-native species had quietly arrived much
earlier along prehistoric migration routes to become culturally entrenched through the
millennia. These include Areca catechu L. (Arecaceae) from Southeast Asia (Raghavan and
Baruah, 1958), Cocos nucifera L. (Arecaceae) from the Indo-Pacific (Ahuja et al, 2014), and
Tamarindus indica L. (Fabaceae) from Africa (Shah, 2014).
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Fig. 3. Native range of tree species recorded on the campus of Vivekananda College, Kolkata. Relative
proportion (%) of species in seven out of the eight biogeographical realms according to The World
Wide Fund for Nature (WWF).

M Not Evaluated

H Data Deficient

i Least Concern
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M Endangered

Fig. 4. Conservation status of tree species recorded on the campus of Vivekananda College, Kolkata.
Relative proportion (%) of species according to The International Union for Conservation of Nature
(IUCN) Red List categories.

Study period: from January 2022 to December 2024

273 https://www.vckolkata63.org


https://www.vckolkata63.org/

Eﬁhﬁﬂ .
<35

T i
BODHI VOL 7 PP. 267-281, (2026) - "En i

Conservation Status

According to the IUCN Red List of Threatened Species (IUCN Red List, 2024), most (93%)
of the tree species documented didn’t face any impending risk of extinction, except a few (7%)
that are presently threatened in their native habitats (Fig. 4). Aegle marmelos and
Cycas rumphii Mig. (Cycadaceae) are enlisted as near threatened species. Native of South
Asia, A. marmelos is a sacred tree thriving naturally in dry deciduous forests in the plains of
tropical and subtropical Bangladesh, India, Nepal, Pakistan and Sri Lanka (Kala, 2006).
Cycas rumphii, native to Southeast Asia and Oceania, is typically found in the wild along the
coastal forests of the Philippines, Indonesia, Papua New Guinea, Australia and the Solomon
Islands (Madulid and Agoo, 2009). Saraca asoca (Fabaceae) is categorized as vulnerable.
Native of South and Southeast Asia, its natural populations are found in evergreen and semi-
evergreen forests across the plains of India, Nepal, Sri Lanka, Bangladesh, Myanmar and
Thailand (Patwardhan et al, 2014). Three prized timber-yielding species are considered as
endangered. Endemic to South India, Pterocarpus santalinus is mostly confined to the dry
deciduous forests of the Eastern Ghats, India (Arunkumar and Joshi, 2014). Native to the
neotropics, Swietenia macrophylla King (Meliaceae) largely thrives in humid forests in the
plains of Bolivia, Brazil, Guatemala, Honduras, Mexico, Nicaragua, Panamaand Peru
(Danguah et al, 2020). Tectona grandis, native to South and Southeast Asia, flourishes in the
tropical dry deciduous forests in the plains of India, Indonesia, Myanmar, Laos and Thailand
(Harikrishnan et al, 2012).

CONCLUSION

This survey of campus trees reveals a relatively high level of arboreal diversity for an urban
educational institution. The prevalence of legumes and figs underscores their vital ecological
roles within the campus landscape, and the broad phylogenetic spread of the taxa helps reduces
ecological vulnerability linked to specific lineages. With representations from virtually all
biogeographical realms, the species richness dominated by native angiosperm species that
includes an indigenous element, highlights the significance of the greenery of educational
campuses as urban biodiversity refugia within densely built metropolitan environments where
natural vegetation is fragmented or absent. The conspicuous presence of exotic, including few

gymnosperms, well-adapted to warm, humid conditions, reflects relatively recent horticultural
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introductions in India for urban landscaping, rather than natural vegetation patterns. A detailed
study of the native-exotic ratio could help identify the requirements for strengthening the native
biodiversity. Prioritizing indigenous species in future plantation programmes could enhance
ecological interactions with native pollinators and seed dispersers, and further reinforcing the
campus as a biodiversity-supportive terrain. Overall, the study underscores the ecological
significance of institutional green spaces in metropolitan Kolkata. Sustaining and enriching
their tree diversity with native species will ensure the continuity of not only tangible ecosystem
services, but intangible ones invaluable for an education institution such as the educational and
research opportunities for students and scholars in the interrelated disciplines of Botany,

Zoology and Environmental Science.

Table 1: Checklist of tree species recorded on the campus of Vivekananda College, Kolkata.

No. | Scientific Name Family Local Name Floristic | Flowering
Status Period

1 Acacia auriculiformis A. Fabaceae Akashmani Exotic Feb-Aug
Cunn. ex Benth.

2 Adenanthera pavonina L. Fabaceae Ranjana Native Mar-Jun

3 Aegle marmelos (L.) Corréa Rutaceae Bel Native May-Jul

4 Alstonia scholaris (L.) R.Br. Apocynaceae Chhatim Native Sep-Nov

8 Annona squamosa L. Annonaceae Ata Exotic Mar-May

6 Araucaria columnaris (G. Araucariaceae Khristmas gach | Exotic -
Forst.) Hook.

7 Areca catechu L. Arecaceae Supuri Exotic Dec-Mar

8 Artocarpus heterophyllus Lam. | Moraceae Kanthal Native Jan-Mar

9 Artocarpus lacucha Buch.- Moraceae Deua Native Feb-Apr
Ham.

10 | Averrhoa carambola L. Oxalidaceae Kamranga Exotic Jul-Aug

11 | Azadirachta indica A. Juss. Meliaceae Neem Native Jan-Mar

12 | Bauhinia x blakeana Dunn Fabaceae Arkid kanchan | Exotic Sep-Dec

13 | Bixaorellana L. Bixaceae Latkan Exotic Aug-Dec

14 | Bombax ceiba L. Malvaceae Shimul Native Feb-Mar

15 | Borassus flabellifer L. Arecaceae Taal Native Feb-May

16 | Butea monosperma (Lam.) Fabaceae Palash Native Feb-Apr
Kuntze

17 | Caesalpinia pulcherrima (L.) | Fabaceae Radhachura Exotic Jan-Aug
Sw.

18 | Calliandra haematocephala Fabaceae Manikuntala Exotic Nov-Apr
Hassk.

19 | Carissa carandas L. Apocynaceae Karamcha Exotic Mar-Apr

20 | Cascabela thevetia (L.) Apocynaceae Kolke Exotic Apr-Sep
Lippold

21 | Cassiafistula L. Fabaceae Bandarlathi Native Apr-Nov

22 | Casuarina equisetifolia L. Casuarinaceae | Bilati jhau Native Feb-Apr
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No. | Scientific Name Family Local Name Floristic | Flowering
Status Period
23 | Cocos nucifera L. Arecaceae Narkel Exotic Mar-Oct
24 | Colvillea racemosa Bojer Fabaceae Pitchura Exotic Aug-Sep
25 | Cordyline australis (G. Forst.) | Asparagaceae Bandhakapi Exotic May-Jun
Endl. pam
26 | Cycas revoluta Thunb. Cycadaceae Rajsagu Exotic -
27 | Cycas rumphii Mig. Cycadaceae Ranisagu Exotic -
28 | Dalbergia sissoo Roxb. ex Fabaceae Shishu Native Jan-Mar
DC.
29 | Delonix regia (Bojer ex Fabaceae Krishnachura Exotic Apr-Jul
Hook.) Raf.
30 | Dillenia indica L. Dilleniaceae Chalta Native May-Sep
31 | Dimocarpus longan Lour. Sapindaceae Ashphol Native Mar-May
32 | Dracaena fragrans (L.) Ker Asparagaceae Dragan gach Exotic Nov-Feb
Gawl.
33 | Elaeocarpus sphaericus Elaeocarpaceae | Rudraksha Native Apr-May
(Gaertn.) Heer
34 | Erythrina variegata L. Fabaceae Mandar Native Feb-Mar
35 | Excoecaria agallocha L. Euphorbiaceae | Gewa Native Feb-Jun
36 | Ficus benghalensis L. Moraceae Bat Native Feb-May
37 | Ficus benjamina L. Moraceae Lakshapakur Native | Jan-May
38 | Ficus elastica Roxb. ex Moraceae Rambung Native Nov-Feb
Hornem.
39 | Ficus hispida L.f. Moraceae Kakdumur Native Oct-Mar
40 | Ficus racemosa L. Moraceae Jagyadumur Native May-Dec
41 | Ficus religiosa L. Moraceae Ashvattha Native Feb-May
42 | Ficus virens Aiton Moraceae Lakur Native Sep-May
43 | Gliricidia sepium (Jacq.) Fabaceae Saranga Exotic Jan-Apr
Kunth
44 | Gmelina arborea Roxb. ex Lamiaceae Gamar Native Feb-Apr
Sm.
45 | Grewia asiatica L. Malvaceae Phalsha Native | Apr-May
46 | Guazuma ulmifolia Lam. Malvaceae Bhadraksha Exotic Apr-Oct
47 | Lagerstroemia speciosa Lythraceae Jarul Native | Apr-Jul
(L)) Martyn
48 | Leucaena leucocephala Fabaceae Subabul Exotic Apr-Oct
(Lam.) de Wit
49 | Livistona chinensis (Jacq.) Arecaceae China pam Exotic Feb-Apr
R.Br. ex Mart.
50 | Madhuca longifolia (L.) J.F. Sapotaceae Mahua Native Feb-Apr
Machr.
51 | Magnolia x alba (DC.) Figlar | Magnoliaceae Shvetchampa Exotic Apr-Sep
52 | Magnolia champaca (L.) Baill. | Magnoliaceae Svarnachampa | Native Jun-Sep
ex Pierre
53 | Mangifera indica L. Anacardiaceae | Aam Native Jan-Mar
54 | Manilkara zapota (L.) P. Roye | Sapotaceae Sabeda Exotic Oct-Mar
55 | Melia azedarach L. Meliaceae Ghoraneem Native Mar-Apr
56 | Mimusops elengi L. Sapotaceae Bakul Native Mar-Aug
276 https://www.vckolkata63.org



https://www.vckolkata63.org/

Eo’ﬁ”
i
BODHI VOL 7 PP. 267-281, (2026) ey "En ey
No. | Scientific Name Family Local Name Floristic | Flowering
Status Period
57 | Monoon longifolium (Sonn.) Annonaceae Debdaru Native Mar-Apr
B. Xue & R.M.K. Saunders
58 | Moringa oleifera Lam. Moringaceae Sajna Native Jan-Mar
59 | Neolamarckia cadamba Rubiaceae Kadam Native Apr-Aug
(Roxb.) Bosser
60 | Nerium oleander L. Apocynaceae Karabi Native | Apr-Aug
61 | Nyctanthes arbor-tristis L. Oleaceae Shiuli Native Sep-Jan
62 | Peltophorum pterocarpum Fabaceae Kanakchura Exotic Mar-May
(DC.) Backer ex K. Heyne
63 | Phoenix sylvestris (L.) Roxb. Arecaceae Khejur Native Mar-May
64 | Phyllanthus emblica L. Phyllanthaceae | Amlaki Native Mar-May
65 | Psidium guajava L. Myrtaceae Peyara Exotic Apr-Sep
66 | Pterocarpus santalinus L.f. Fabaceae Raktachandan | Native Mar-May
67 | Punica granatum L. Lythraceae Dalim Exotic Jun-July
68 | Ravenala madagascariensis Strelitziaceae Panthapadab Exotic Dec-May
Sonn.
69 | Roystonea regia (Kunth) O.F. | Arecaceae Botal pam Exotic Mar-Apr
Cook
70 | Samanea saman (Jacq.) Merr. | Fabaceae Khirish Exotic Mar-May
71 | Saraca asoca (Roxb.) W.J.de | Fabaceae Ashok Native Feb-Apr
Wilde.
72 | Spathodea campanulata P. Bignoniaceae Rudrapalash Exotic Dec-Apr
Beauv.
73 | Spondias dulcis Parkinson Anacardiaceae | Bilati amra Exotic Mar-Apr
74 | Swietenia macrophylla King Meliaceae Bara patar Exotic Feb-Mar
mahogoni
75 | Sterculia foetida L. Malvaceae Bakshobadam Native Mar-May
76 | Syzygium cumini (L.) Skeels Myrtaceae Kalojam Native Mar-Apr
77 | Syzygium jambos (L.) Alston Myrtaceae Golap jam Exotic Mar-May
78 | Syzygium myrtifolium Walp. Myrtaceae Mirjam Native Mar-Apr
79 | Syzygium samarangense Myrtaceae Jamrul Native Mar-Jun
(Blume) Merr. & L.M. Perry
80 | Tabebuia rosea (Bertol.) DC. | Bignoniaceae Basanta rani Exotic Jan-May
81 | Tamarindus indica L. Fabaceae Tentul Exotic May-Aug
82 | Tecoma stans (L.) Juss. ex Bignoniaceae Chandraprabha | Exotic Apr-Sep
Kunth
83 | Tectona grandis L.f. Lamiaceae Segun Native Jun-Aug
84 | Terminalia arjuna (Roxb.ex Combretaceae | Arjun Native Apr-Jun
DC.) Wight & Arn.
85 | Terminalia catappa L. Combretaceae Kathbadam Native Feb-Jun
86 | Platycladus orientalis (L.) Cupressaceae Morpankhi Exotic -
Franco
87 | Toona ciliata M. Roem. Meliaceae Toon Native Feb-May
88 | Trema orientale (L.) Blume Cannabaceae Jiban Native Aug-Dec
89 | Vitex negundo L. Lamiaceae Nisindha Native | Jun-Oct
90 | Ziziphus mauritiana Lam. Rhamnaceae Topakul Native Sep-Dec

Study period: from January 2022 to December 2024
Local names: in Bengali

Classification system: Angiosperm Phylogeny Group (APG) system (as per POWO)
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Abstract: Mangroves possess a wide range of morphological, physiological, and reproductive
adaptations that enable them to thrive in hostile environments. They are biochemically unique
and produce a wide array of natural products with significant bioactivity. Taxonomically,
mangroves represent a unique and widespread plant community comprising shrubs, trees,
epiphytes, palms, ground ferns, and grasses that inhabit muddy tropical coastlines and are well
adapted to saline water. Mangrove ecosystems are valuable natural resources that provide
substantial ecological and economic benefits to local communities.

Mangrove plants are both medicinally and pharmacologically important and used by
indigenous and ethnic populations. Various parts of mangrove and mangrove-associated plant
species are used as herbal remedies by traditional knowledge holders. Traditional healers
employ mangrove plants to treat various health conditions such as fever, allergies, headaches,
arthritis, diabetes, diarrhea, and neurological disorders.

This review highlights several highly medicinal mangrove species—including Acanthus
ilicifolius, Ceriops decandra, Excoecaria agallocha, Lumnitzera racemosa, Xylocarpus
granatum, and Avicennia marina—that are traditionally used and possess significant
pharmacological properties. Extracts from these mangrove plants produce novel compounds
that are used for medicinal purposes. The main focus of this review is to consolidate knowledge
on the ethnobotanical and ethnopharmacological significance and traditional uses of
mangrove and mangrove-associated plant species.

Keywords: brackish water, halophyte, phytochemicals, pneumatophore, traditional
practitioners

Introduction

Medicinal plants have been used in traditional healthcare systems since ancient times. These
plants serve as primary sources of herbal medicines, and a large proportion of the global
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population has historically depended on them (Davis and Choisy, 2024). Mangroves hold
tremendous potential for the discovery of diverse medicinal products and novel drugs capable
of preventing or treating various diseases (Bandaranayake, 2002).

Mangroves constitute a specialized group of shrubs or woody flowering plants that typically
grow in the intertidal zones between the sea and land, particularly in coastal saline or brackish
water (Poompozhil and Kumarasamy, 2014). The term mangrove derives from the Portuguese
mangue or Spanish mangal, combined with the English word grove (Saenger, 2002; Nabeelah
Bibi et al, 2019). Mangrove forests consist of trees, shrubs, epiphytes, palms, ground ferns, and
grasses (Bandaranayake, 2002; Cruz et al, 2015). They represent one of the most unique plant
communities in the world, inhabiting areas where few other plants can survive—namely, the
intertidal zone between land and ocean. Mangrove swamps predominantly occur in tropical
and subtropical regions (Sathe et al, 2014; Rout and Basak, 2014; Rahmawati et al, 2019). As
halophytes (salt-tolerant plants), mangroves withstand extreme environmental conditions,
including low oxygen and high salinity (Parida and Jha, 2010).

The global distribution of mangroves is influenced by major ocean currents and the 20°C
isotherm of seawater during winter (Alongi, 2009; Giri et al, 2011). Mangrove ecosystems span
approximately 112 countries and territories, and are largely confined to the regions between
30° North and South of the equator (Bandaranayake, 2002). In India, mangroves occupy
roughly 8% of the coastline (Joshi and Ghose, 2003). About 4266.66 sg. km. area is covered
by the Indian Sundarbans (Naskar, 2004). Sundarban mangrove forest is the largest single block
of tidal mangrove community in the world (latitude 21°31°- 22°30” North and longitude
88°10°- 89°51” East) (Simlai and Roy, 2013).

Mangroves are complex and valuable ecosystems delivering vital ecological services
(Slobodian et al, 2025). The Sundarbans, spanning India and Bangladesh, is the world’s largest
contiguous mangrove forest, which plays a vital role in carbon sequestration and biodiversity
conservation. However, several climatic factors, such as rising sea levels, increased salinity,
and extreme weather events, as well as increased anthropogenic activities, are threatening this
unique ecosystem (Majumder, 2025). A comprehensive and collaborative approach can
enhance climate resilience while also improving the livelihoods of the people of this region
(Majumder, 2025). In general, governing mangroves is complex, involving multiple
stakeholders (Slobodian et al, 2025). Throughout the world, several national laws and policies
create frameworks for the conservation and sustainable use of mangroves (Slobodian et al,
2025).

Mangroves exhibit complex morpho-anatomical features that enable them to survive in their
habitat. These include elaborate root systems such as buttress roots or rhizophores (Nabeelah
Bibi et al, 2019), aerial roots or pneumatophores (Nagelkerken et al, 2008), and stilt roots that
extend laterally rather than penetrating deeply into the soil (Nguyen et al, 2023). Additional
anatomical features help them withstand harsh conditions such as anaerobic muddy soil, high
temperatures, and strong tidal currents (Das, 1999). Physiological and morphological
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adaptations also play crucial roles in their survival (Parida and Jha, 2010). Typical mangroves
possess negatively geotropic pneumatophores, knee roots, stilt roots, and exhibit vivipary,
which distinguishes them from other plant groups (Barik and Chowdhury, 2014).

Mangroves are often categorized into three dominant morphological types—red, black, and
white mangroves. Red mangroves (e.g., Rhizophora mucronata Poir.) have spiny green leaves,
rhizophores or prop roots, and cigar-shaped fruits. Black mangroves (e.g., Bruguiera
gymnorhiza (L.) Lam. ex Savigny) usually have less shiny, pointy leaves with a greyish bottom
surface, pneumatophores, and teardrop-shaped fruits. White mangroves (e.g., Lumnitzera
racemosa Willd.) are smaller with shiny, round leaves (Nabeelah Bibi et al, 2019).

Mangroves are closely associated with Indigenous communities, many of whom depend on
mangrove forests for raw materials, medicine, and livelihood resources (Nabeelah Bibi et al,
2019). Mangrove ecosystems provide numerous ecological and economic benefits to tropical
and subtropical regions. They supply timber for house construction, furniture, boats, and poles;
bark-derived tannins; fuelwood; and leaves for weaving and thatching (Bello and Aiyeloja,
2015; Cruz et al, 2015). They have traditionally been exploited for firewood, food, herbal
medicine, fishing equipment, and dyes (Cruz et al, 2015). Mangrove litter contributes to
detritus formation, supporting the food web and providing habitat for numerous animal species
(Nagelkerken et al, 2008). Leaves contain vitamins, minerals, and amino acids that contribute
to nutrient cycling (Bandaranayake, 2002). Soil microorganisms, including methanogenic,
nitrogen-fixing, photosynthetic, and reducing bacteria, which are present in mangrove soil, play
vital roles in nutrient transformation (Rege and Chowdhary, 2013).

Mangrove plants possess significant medicinal, pharmacological, and curative properties
(Saranraj and Sujitha, 2015). Due to their rich phytochemical composition, mangroves are
traditionally used in folklore medicine to treat various ailments (Kolanjinathan and Saranraj,
2015). Parts such as bark, leaves, stems, fruits, seeds, and roots are commonly utilized in local
healthcare practices (Habib et al, 2018; Khomne et al, 2018). Some mangrove and mangrove-
associated plant species, including Acanthus ilicifolius L., Avicennia marina (Forssk.) Vierh.,
A. officinalis L., Heritiera fomes Banks, Excoecaria agallocha L., Xylocarpus granatum J.
Koenig, Ceriops decandra (Griff.) W.Theob., Lumnitzera racemosa Willd., Bruguiera
cylindrica (L.) Blume, Pongamia pinnata (L.) Pierre, and Sonneratia apetala Banks are
traditionally used to treat ulcers, asthma, diabetes, snakebites, rheumatism, skin infections,
paralysis, wounds, dysentery, leprosy, tuberculosis, inflammation, arthritis, and malaria
(Simlai and Roy, 2013; Barik and Chowdhury, 2014; Rout and Basak, 2014; Islam et al, 2015;
Habib et al, 2018).

Mangroves are rich in diverse secondary metabolites, including alkaloids, steroids, terpenoids,
phenolics, saponins, aliphatic alcohols, hydrocarbons, phytoalexins, limonoids, flavonoids,
pheromones, lipids, carbohydrates, and amino acids (Bandaranayake, 2002; Habib et al, 2018;
Nabeelah Bibi et al, 2019; Rahmawati et al, 2019). These compounds protect plants from biotic
and abiotic stresses and exhibit numerous pharmacological activities, such as antiviral,
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antifungal, analgesic, anti-inflammatory, antioxidant, anticancer, antibacterial, and antidiabetic
effects (Simlai and Roy, 2013). Extracts of Avicennia marina, A. officinalis, and Bruguiera
sexangula (Lour.) Poir. show antibacterial activity against Staphylococcus spp., Escherichia
coli, Proteus sp., and Shigella sp. (Rege and Chowdhary, 2013). Leaf and pneumatophore
extracts from Ceriops decandra and stem extract of Aegiceras corniculatum (L.) Blanco exhibit
antinociceptive properties (Shilpi et al, 2012). Mangrove soils are also a source of antibiotic-
producing actinomycetes, such as Micromonospora rifamycinia, which produces rifamycin
(Huang et al, 2008; Rege and Chowdhary, 2013).

In the Sundarbans, local villagers and tribal communities rely heavily on mangroves for
traditional medicine, guided by traditional practitioners such as Vaidya, Gunin, Ojha, and
Baule, who preserve and transmit ethnomedicinal knowledge (Mondal et al, 2012; Ray, 2014).
These healers possess specialized knowledge about mangrove flora and fauna and play
important roles in diagnosing and treating various ailments.

Most mangrove and mangrove-associated plants are used in folklore medicine and are
recognized for their medicinal, ecological, and socioeconomic importance. Considering their
importance, this review summarises traditional knowledge on the ethnobotanical and
ethnopharmacological significance of some widely used mangrove species as mentioned
below.

Acanthus ilicifolius

Acanthus ilicifolius is a well-known and medicinally important mangrove plant belonging to
the family Acanthaceae, found in the Sundarbans (Simlai and Roy, 2013). The species is native
to Australia and commonly occurs as a back mangrove along most coastal areas of India
(Thirunavukkarasu et al, 2011), including the east and west coasts, Meghalaya, and the
Andaman Islands (Singh and Aeri, 2013). The plant is commonly known as ‘Holly-leaved
Acanthus’ (Andriani et al, 2020). In Hindi, it is called ‘Harkukanta’, and in Bengali, it is called
‘Horkoch Kanta’ (Simlai and Roy, 2013; Singh and Aeri, 2013).

A. ilicifolius is a spiny herb with multiple medicinally important properties. It has long been
used in folklore medicine to treat various human ailments (Bose and Bose, 2008; Firdaus et al,
2013). The plant is slightly woody, with oppositely arranged variable-shaped leaves, having
spiny and dentate margins (Andriani et al, 2020). Leaf spines may become longer during the
flowering season (Singh and Aeri, 2013). Root extracts of A. ilicifolius are traditionally used
to treat snake bites, rheumatism, skin allergies, asthma, diabetes, and various inflammatory
conditions, and also for blood purification (Simlai and Roy, 2013; Paul and Ramasubbu, 2017).
Leaf extracts are used to manage dyspepsia, paralysis, asthma, and skin diseases (Singh and
Aeri, 2013; Sardar et al, 2018; Andriani et al, 2020), while the fruit and bark are used in the
treatment of diabetes, hepatitis, inflammation, and rheumatoid disorders (Bandaranayake,
1998; Kumar et al, 2008; Firdaus et al, 2013). Bark extracts are also used as an antiseptic and
for the treatment of cold allergies, and dermatitis in Thailand (Bandaranayake, 1998; Sardar et
al, 2018).
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The flowers of A. ilicifolius exhibit antioxidant and cytotoxic activity due to the presence of
phytochemicals such as terpenoids, phenolic compounds, alkaloids, flavonoids, tannins,
lignans, and saponins (Firdaus et al, 2013; Habib et al, 2018). Methanolic leaf extracts
demonstrate central and peripheral analgesic effects (Ahmed et al, 2014).

Scientific investigations have identified a wide range of bioactive compounds, including
ilicifolioside B, acteoside, isoacteoside, acanthaminoside, alangilignoside C, a-amyrin, 3a-O-
B-glucopyranoside, plucheoside B, benzoxazinoid glucosides, and lignan glycosides (Singh et
al, 2009; Sardar et al, 2018; Nabeelah Bibi et al, 2019). These compounds demonstrate
antibacterial, antiallergic, anthelmintic, anti-inflammatory, antioxidant, antileishmanial,
osteoblastic, hepatoprotective, anticancer, antiulcer, and antimicrobial activities (Sardar et al,
2018; Chi et al, 2019; Andriani et al, 2020). A phenylethanoid glycoside (ilicifolioside A) and
an aliphatic alcohol glycoside (ilicifolioside B) have been isolated from aerial parts of the plant
(Singh et al, 2009).

Methanolic extracts of A. ilicifolius have shown anti-inflammatory activity by reducing protein
exudation and leukocyte migration in peritoneal fluid (Kumar et al, 2008). Chloroform and
aqueous extracts exhibit antimicrobial activity against Bacillus subtilis, Staphylococcus
aureus, Candida albicans, Aspergillus fumigatus, and Aspergillus niger (Bose and Bose, 2008;
Thirunavukkarasu et al, 2011). Leaf and bark extracts show pharmacological activity against
the pathogenic fungus Fusarium oxysporum (Simlai and Roy, 2013), while crude methanolic
extracts enhance macrophage activity against Candida albicans (Andriani et al, 2020).

Ceriops decandra

Ceriops decandra is a common mangrove species belonging to the family Rhizophoraceae.
Locally, it is known as ‘Goran’ and ‘Cuttia’ in Bengali (Hossain et al, 2011). It is widely
distributed along the east coast of India, Bangladesh, southwestern Thailand, and the western
part of the Malay Peninsula, usually growing in mangrove swamps (Hossain et al, 2011).

C. decandra is an evergreen tree or shrub, growing up to 5 m tall with a relatively narrow
crown, and is common in the Indian Sundarbans (Simlai and Roy, 2013). It is primarily a
landward species that flowers and fruits continuously throughout the year (Solomon Raju and
Karyamsetty, 2008). This plant is reputed for its folklore uses for the treatment of
gastrointestinal disorders, infections, snake bites, inflammation, and cancer (Mahmud et al,
2019). Traditionally, various plant parts (roots, bark, leaves, flowers) are used as the remedies
for angina, diabetes, diarrhea, dysentery, hematuria, hemorrhage, wounds, boils, hepatitis, and
ulcers (Hossain et al, 2011; Simlai and Roy, 2013).

C. decandra contains numerous bioactive compounds, including sugars, proteins, phenolics,
alkaloids, lipids, anthraquinones, triterpenoids, flavonoids, catechins, tannins, carbohydrates,
steroids, saponins, cardiac glycosides, and monosaccharides (Bandaranayake, 2002; Habib et
al, 2018). The whole plant is used as an astringent, while specific parts are applied in various
traditional remedies (Uddin et al, 2005; Simlai and Roy, 2013). Leaf, bark, and flower extracts

286 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 7 PP. 282-295, (2026) ey
have demonstrated hepatoprotective activity (Gnanadesigan et al, 2017), while ethanol extracts
of leaves and pneumatophores exhibit antinociceptive activity by inhibiting acetic acid-induced
writhing in mice (Uddin et al, 2005).

Excoecaria agallocha

Excoecaria agallocha is an evergreen mangrove species of the family Euphorbiaceae,
commonly found on seashores and edges of mangrove swamps (Rao et al, 1998). The species
occurs in tropical Asia, Africa, and northwest Australia (Patil et al, 2011; Rajeswari and Rao,
2015). E. agallocha grows up to 15 m, with white latex, alternate elliptical leaves, copious bark
exudate, and laterally spreading intermingled roots (Mondal et al, 2016; Nabeelah Bibi et al,
2019).

E. agallocha is commonly known as the ‘blind-your-eye mangrove’ or ‘milky mangrove’ due
to its toxic latex (Kaliamurthi and Selvaraj, 2016; Sofia and Merlee Teresa, 2016; Nabeelah
Bibi et al, 2019). In Bengali, it is called ‘Gewa’ (Mondal et al, 2016). Traditionally, different
plant parts (bark, leaves, stem, latex, roots) are used to treat epilepsy, ulcers, leprosy,
hematuria, dermatitis, conjunctivitis, paralysis, and rheumatism (Rao et al, 1998; Simlai and
Roy, 2013; Mondal et al, 2016). Latex is also used as an abortifacient and in some regions, to
alleviate a painful toothache (Nabeelah Bibi et al, 2019).

E. agallocha contains bioactive compounds, including alkaloids, saponins, phenols, steroids,
glycosides, tannins, diterpenoids, lipids, ascorbic acid, carbohydrates, flavonoids, and
terpenoids (Mondal et al, 2016; Sofia and Merlee Teresa, 2016; Habib et al, 2018). These
compounds exhibit antioxidant, anticancer, antifilarial, analgesic, antimicrobial, antiviral,
antiulcer, and antidiabetic activities (Rajeswari and Rao, 2015; Mondal et al, 2016; Nabeelah
Bibi et al, 2019). Aqueous leaf extracts show antimicrobial activity against Streptococcus
aureus, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus epidermidis, and
Escherichia coli (Patra et al, 2009), while ethanolic stem extracts show cytotoxic activity
against human lung cancer cells and potent anti-HIV properties (Patil et al, 2011, 2012; Rege
and Chowdhary, 2013).

Lumnitzera racemosa

Lumnitzera racemosa is a shrub or small tree of the family Combretaceae, widely distributed
in tropical and subtropical coastal zones of Japan, India, including the Andaman and Nicobar
Islands, and the Eastern coast of Africa (Anjaneyulu et al, 2003; Darwish et al, 2016). Known
as the “White-flowered mangrove’ or ‘Black mangrove’ (Manohar, 2021), it is locally called
‘Kripal’ in Sundarbans (Chowdhury et al, 2014). The species grows up to 8 m, with grayish-
brown and roughly fissured bark, develops small buttress roots at times, and exhibits hypogeal
type of germination (Manohar, 2021).

Wood is used as fuel (Dhavan and Jadhav, 2020), while leaves are consumed in South Pacific
islands during scarcity (Anjaneyulu et al, 2003). Stem sap is applied externally to treat rashes,
itching, and herpes; while other plant parts treat snake bites, rheumatism, skin allergies, and
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asthma (Darwish et al, 2016; Nabeelah Bibi et al, 2019). Bark contains ~15-19% tannins,
which may be utilized in the leather industry (Dhavan and Jadhav, 2020).
L. racemosa contains bioactive compounds, including flavonoids, triterpenoids, tannins, fatty
acids, and polyisoprenoid alcohols (Dhavan and Jadhav, 2020). Isolated compounds include
friedelin, betulin, and betulinic acid (Anjaneyulu et al, 2003). Leaf and stem extracts exhibit

antioxidant activity and hepatoprotective effects (Ravikumar and Gnanadesigan, 2011,
Quraishi et al, 2015).

Xylocarpus granatum

Xylocarpus granatum, a medicinal mangrove of the family Meliaceae (Chacha, 2010), is
widely distributed in tropical Indian coastal areas, Southeast Asia, Australia, and East Africa
(Banerjee and Rao, 1990; Das et al, 2019). The plant, known locally in Bengali as ‘Dhundul’
and globally as ‘cannon ball tree’ or ‘puzzlenut tree’, occurs in the upper intertidal zones and
riverbanks (Allen et al, 2003; Wangensteen et al, 2006; Simlai and Roy, 2013). Itisa 3-8 m
high plant with a buttress root system. The bark is smooth and flaky, greenish, yellowish, or
light brown in colour (Nabeelah Bibi et al, 2019).

Different plant parts are traditionally used as astringents and febrifuges, treating fever, malaria,
dysentery, cholera, and diarrhea (Das et al, 2019; Simlai and Roy, 2013). Extracts from bark,
leaves, seeds, and fruits demonstrate antioxidant, antidiarrheal, antibacterial, tyrosinase
inhibitory, cytotoxic, cardiotonic, antihyperglycemic, and antidyslipidemic activities (Habib et
al, 2018; Batubara et al, 2020). Crude organic extracts of the stem bark of the plant showed
significant antimicrobial activity against Staphylococcus aureus, S. epidermidis, Shigella
boydii, and Proteus spp. (Alam et al, 2006). Secondary metabolites include xyloccensins,
tetranortriterpenoids, limonoids, catechin, epicatechin, procyanidins, phenolics, alkaloids, and
steroids (Bandaranayake, 2002; Wangensteen et al, 2006; Chacha, 2010; Simlai and Roy,
2013).

Avicennia marina

Avicennia marina, a medicinal mangrove of the family Avicenniaceae, is widely distributed in
intertidal zones and coastal saline or brackish waters (Mahera et al, 2013; EIDohaji et al, 2020).
Locally called ‘Peyara Bani’ in Sundarbans, it is commonly known as ‘grey mangrove’ or
‘white mangrove’ (Chowdhury et al, 2014; Karthi et al, 2020). The medium-sized tree grows
up to 14 m, with smooth, light grey bark, thick, glossy upper leaves, and pneumatophores
(Nabeelah Bibi et al, 2019).

Traditionally, different plant parts of this plant treat diseases like leprosy, ulcers, tuberculosis,
malaria, dysentery, smallpox, throat pain, rheumatism, burns, scabies, ringworm, and boils
(Habib et al, 2018; Nabeelah Bibi et al, 2019; EIDohaji et al, 2020). Bioactive compounds
include alkaloids, terpenoids, glycosides, tannins, saponins, flavonoids, polyphenols, betulinic
acids, steroids, proteins, sugars, phytoalexins, phytosterols, resins, etc. (Habib et al, 2018). The
stems and roots of the plant contain endophytic fungi and show antioxidant activities
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(Rahmawati et al, 2019). Various extracts of this plant demonstrate antioxidant, antimicrobial,
cytotoxic, antifouling, anti-HIV, and anti-inflammatory activities as well as hydroxyl radical
scavenging activity (Lincy et al, 2013; Manilal et al, 2016; Nabeelah Bibi et al, 2019).

Conclusion

Mangroves provide numerous medicinal benefits and serve as a first line of defense for coastal
communities. The mangrove ecosystem delivers significant socioeconomic advantages to local
indigenous people. Historically, mangrove plants have been central to traditional medicine due
to their rich repertoire of natural compounds. Various plant parts are utilized to treat various
health conditions such as skin irritation, gastrointestinal disorders, snake bites, ulcers, boils,
bacterial and fungal infections. In the Sundarbans, traditional knowledge holders collect these
medicinal plants from forests, making them an accessible and cost-effective resource for folk
medicine. Throughout the world, climate change and increased anthropogenic activities are
threatening the mangrove ecosystems. Thus, proper measures are necessary to protect these
ecologically and economically valuable ecosystems.
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Abstract: A tree survey was conducted in Diamond City West, a high-rise residential complex
in Southwest Kolkata. The checklist represents 48 species belonging to 43 genera and 25
families. Except for a gymnosperm, all the species were angiosperms. Fabaceae was the most
common family. Most of the species were native (54.2%), but a significant proportion was
exotic (45.8%). This urban tree diversity holds significance as a sanctuary for sacred trees
(6.9%), ornamentals (13.8%), trees with edible fruits (19.0%), and ethnomedicinal trees
(60.3%). The study highlights the importance of urban residential green spaces as reservoirs

of biodiversity and ecosystem services.

Keywords: biological diversity, native trees, sustainable living, urban refugium

Introduction

Over half of the world’s population now lives in urban areas, and this proportion is expected
to increase (UNDESA, 2025). Urban environments are characterized by expanding built-up
areas, and shrinking natural spaces. Urban biodiversity supports mental health, community
well-being and surrounding ecosystems. Urban green spaces are critical habitats that support
urban biodiversity (Lepczyk et al., 2017; Biswas et al., 2025). They also provide social benefits
as natural retreats that improve the quality of urban life and contribute to healthier, more
liveable cities (Godoi et al., 2025). Urban biodiversity that includes myriad urban trees
increases the resilience of the city (Kondratyeva et al., 2020). Urban trees provide diverse

ecosystem services, reflecting our dependence on natural ecosystems (Das and Das, 2026).
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Urban trees also provide a healthy atmosphere with pure air which has become a rarity in metro
cities in modern times (Kondo, et al., 2018). Urban trees also help mitigate the impacts of
storms, reduce environmental pollution, and help to enhance the physical and mental health of
the residents (Aronson et al., 2017). Urban tree diversity is an indicator of the ecological health
of a neighbourhood (Gomez-Baggethun and Gren, 2013). With increased urbanization,
disappearance of natural habitats, and introduction of exotic species, there is a definite threat
to the diversity of urban trees, especially the native species. There is a need to take strategic
measures to combat this and integrate the conservation of native tree species in urban planning.
In the context of climate change, strengthening climate-sensitive urban development involves
monitoring, conservation and augmentation of the urban tree diversity. The role of urban
private spaces such as residential complexes as refugia for urban trees, especially native ones,
has not received enough attention of researchers. This is a case study of the tree diversity of a
residential complex in Southwest Kolkata. Such studies are essential for developing people-
centric practical management strategies to strike a balance between urban development and
ecological sustainability.

Materials and Methods

The study area, Diamond City West (22°48°36” N, 88°30°02” E) located in the Southwest
Kolkata, about a km from the arterial Diamond Harbour Road, is a 40 acre high-rise residential
complex with open green spaces along with 10 residential towers (Fig. 1). This area, formerly
occupied by the factory and employee’s quarters of Reckitt and Colman Limited, harboured a
large number of ancient native trees, many of the trees were felled during the construction of
the present residential complex. However, with urban reforestation projects, the complex still
has a large green cover. Tree species present within the complex were surveyed during 2023-
25, identified in the field and confirmed in the laboratory using the standard literature (Prain,
1903; Benthall, 1946). Accepted names of taxa and their biogeographical range are according
to Plants of the World Online (POWO, 2025). Local names of the species in Bengali are
according to Flowers of India (Fol, 2025). An exhaustive list of tree species was compiled
along with their floristic status ecological and socio-cultural importance based on field
observations, informal interviews of the residents, consultation of the above mentioned
websites, and a review of the literature (Prain, 1903; Benthall, 1946; Pal, 2010, Paria, 2005;
Santhosha and Kar, 2017).
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Fig. 1: Map of the high-rise residential complex of Diamond City West, Kolkata.

Results and Discussion

This study of the tree diversity in Diamond City West, Kolkata recorded 48 species belonging
to 43 genera and 25 families (Table 1). Except for a gymnosperm [Araucaria columnaris
(G.Forst.) Hook.], all the species were angiosperms with 42 dicotyledonous and 5
monocotyledonous species. The most abundant family was Fabaceae with 10 species followed
by Apocynaceae and Moraceae with 4 species each, then Myrtaceae and Arecaceae with 3
species each, Bignoniaceae, Malvaceae, Sapotaceae and Poaceae had 2 species each and the
remaining 15 families were represented by a single species (Fig. 2). It may be noted that the
leguminous trees of the family Fabaceae harbour nitrogen fixing bacteria in their roots, which
act as a natural biofertilizer and enrich the soil to support this urban vegetation. Although this
green space supports a major portion of native species (54.2%) including Madhuca longifolia
(J. Konig) J.F.Macbr called “Tree of Life” by tribal communities in Central India, however a
significant proportion of exotics (45.8%) were also present, belonging mostly to South America
such as Couroupita guianensis Aubl. (Naglingam in Bengali), and Australia such as Acacia
auriculiformis A.Cunn. ex Benth. (Sonajhuri in Bengali) which is widely used in social forestry

plantations in India. This urban tree diversity holds socio-cultural significance as a sanctuary
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for sacred trees (6.9%), ornamentals (13.8%), trees yielding edible fruits (19.0%), and
ethnomedicinal trees (60.3%) (Fig. 3).
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Families

Fig. 2: Frequency (number) of families of tree species recorded in Diamond City West, Kolkata.

M Sacred Trees

B Ornamental Trees

M Fruit-Yielding Trees

1 Medicinal Trees

Fig. 3: Socio-Cultural value of relative proportion (%) of tree species recorded in Diamond City
West, Kolkata.

The different trees with varying benefits are used by the residents to serve different
purposes. While roadside sacred trees like Ficus benghalensis L. and F. religiosa L. are
worshipped throughout the year, flowers of Saraca asoca (Roxb.) Willd. are used by women
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in rituals during the festival of Ashok Sashti in March-April. In addition to the native trees,
exotic ones such Couroupita guianensis with floral morphology suggesting a serpent over a
lingam, are also considered sacred. The ornamentals like the native Neolamarckia cadamba
(Roxb.) Bosser and Magnolia champaca (L.) Baill. ex Pierre, and numerous exotics such as
Bauhinia x blakeana Dunn, Callistemon citrinus (Curtis) Skeels, Tabebuia rosea DC. add to
the aesthetic atmosphere of the complex with their seasonal blooms. Many of them attract
insect and bird pollinators. Some like M. champaca spread a soothing fragrance which has
become a rarity in present times. Bambusa ventricosa McClure is highly valued in landscape
design for its distinctive ornamental appeal, derived mainly from its unusual culm
morphology. They are like a mental balm in this era of stress. The native fruits trees, like
Dillenia indica L., Mangifera indica L., and Syzygium samarangense (Blume) Merr. &
L.M.Perry are not only a special attraction for the aged and young residents alike, but also
foraging birds and squirrels. Last but not the least, the wealth of ethnomedicinal trees used in
India’s traditional healing systems such as Ayurveda provide a medicine chest as many of the
elderly residents still depend on herbal cures for their home remedies. The bark of the native
tree Terminalia arjuna (Roxb.) Wight & Arn. is well-known for its use in cardiac problems.
Interestingly enough, the leaves of the exotic fruit-yielding tree Psidium guajava L. is used to

treat toothaches.

Table 1: An inventory of tree species presents within the urban residential complex of Diamond City
West, Kolkata.

Scientific Name Family Local Name |Native or |Socio-Cultural Value

in Bengali Exotic
Acacia auriculiformis  |Fabaceae Sonajhuri Exotic Ornamental and medicinal.
A.Cunn. ex Benth Bark treats rheumatism.
Alstonia scholaris (L.) |Apocynaceae  |Chatim Native Medicinal. Bark used as
R.Br. febrifuge and haemostatic.
Araucaria columnaris  |Araucariaceae  |Christmas tree |Exotic Ornamental.
(G.Forst.) Hook.
Azadirachta indica A.  |Meliaceae Neem Native Medicinal. Leaf paste used
Juss. for skin diseases.
Bauhinia x blakeana Fabaceae Kanchan Exotic Ornamental.
Dunn
Bambusa vulgaris Poaceae Bansboni Bans|Native Ornamental.
Schrad. ex J.C.Wendl.
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Scientific Name Family Local Name |Native or |Socio-Cultural Value
in Bengali Exotic

Bambusa ventricosa Poaceae Ghoti Bans Exotic Ornamental.

McClure

Bougainvillea Nyctaginaceae |Kagaj phul Exotic Ornamental.

spectabilis Willd.

Butea monosperma Fabaceae Palash Native Sacred and medicinal.

(Lam.) Kuntze Antihelmintic and sedative.

Caesalpinia pulcherrima|Fabaceae Baman Exotic Ornamental.

(L.) Sw. Krishnachura

Callistemon citrinus Myrtaceae Bottle brush  |Exotic Ornamental.

(Curtis) Skeels

Carica papaya L. Caricaceae Pepe Exotic Edible fruit.

Caryota urens L. Arecaceae Fishtail Palm |Native Medicinal. Flowers used to
treat gastric ulcer.

Cassia fistula L. Fabaceae Badarlathi Native Medicinal. Bark and leaf
paste applied to fistula.

Casuarina eqgisetifolia L.|Casuarinaceae |Jhau Native Medicinal. Bark extract cures
chronic diarrhoea and
dysentery.

Ceiba pentandra (L.) Malvaceae Swetshimul Exotic Medicinal. Leaf paste applied

Gaertn. on boils.

Couroupita guianensis |Lecythidaceae |Naglingam Exotic Sacred and medicinal. Fruit

Aubl. pulp cures headache.

Delonix regia (Boj. ex |Fabaceae Krishnachura |Exotic Ornamental.

Hook) Raf.

Dillenia indica L. Dilleniaceae Chalta Native Fruit edible and medicinal.
Fruit pulp used as laxative.

Ficus benghalensis L.  |Moraceae Bot Native Sacred and medicinal. Bark
antidiabetic.

Ficus hispida L.f. Moraceae Dumur Native Fruits edible and medicinal,
helps check diarrhoea.

Ficus religiosa L. Moraceae Aswatha Native Sacred and medicinal. Bark
used to treat diarrhoea.

Ficus virens Aiton Moraceae Pakur Native Medicinal. Bark decoction
used to treat ulcer.

Gmelina arborea Roxb. |Lamiaceae Gamar Native Medicinal. Leaves used as
febrifuge and expectorant.

Leucaena leucocephala |Fabaceae Subabul Exotic Ornamental.

(Lam.) de Wit

Madhuca longifolia (J. |Sapotaceae Mohua Native Fruits edible and medicinal.

Konig) J. F. Macbr Seed oil cures pains.

Magnolia champaca (L.)|Magnoliaceae  |Champa Native Ornamental and medicinal.

Baill. ex Pierre Leaf juice cures colic pain.
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Scientific Name Family Local Name |Native or |Socio-Cultural Value
in Bengali Exotic
Mangifera indica L. Anacardiaceae |[Aam Native Fruit edible and medicinal.
Dried kernel powder applied
on burn.
Mimusops elengi L. Sapotaceae Bokul Native Medicinal. Bark cures
diseases of gums and teeth.
Monoon longifolium Annobaceae Debdaru Native Medicinal. Bark is used as
(Sonn.) B.Xue & febrifuge and hypotensive.
R.M.K.Saunders
Murraya exotica L. Rutaceae Kamini Exotic Medicinal. Leaves cures cuts,
diarrhoea and dysentery.
Neolamarckia cadamba |Rubiaceae Kadam Native Ornamental.
(Roxb.) Bosser
Nerium oleander L. Apocynaceae  |Karabi Native Ornamental and medicinal.
Roots used as abortifacient.
Nyctanthes arbor-tristis |Oleaceae Shiuli Native Sacred and medicinal. Leaf
L. decoction cures rheumatism.
Peltophorum Fabaceae Radhachura |Native Medicinal. Bark decoction
pterocarpum (DC.) used for gargling.
K.Heyne
Phyllanthus emblica L. [Phyllanthaceae |Amloki Native Medicinal. Fruits rich in
vitamin C, used as laxative,
digestive.
Plumeria rubra L. Apocynaceae  |Kathgolap Exotic Medicinal. Roots used as
cathartic.
Psidium guajava L. Myrtaceae Peyara Exotic Medicinal. Leaf decoction
cures toothache.
Pterospermum Malvaceae Muchkundo  |Native Medicinal. Flowers are
acerifolium (L.) Willd. champa antidiabetic.
Ptychosperma Arecaeae China palm  |Exotic Ornamental.
propinquum (Becc.)
Becc. ex Martelli
Roystonea regia Arecaeae Bottle palm  |Exotic Ornamental.
(Kunth) O.F.Cook
Samanea saman (Jacq.) |Fabaceae Khirish Exotic Ornamental and medicinal.
Merr. Seeds cure sore throat.
Saraca asoca (Roxb.) |Fabaceae Ashok Native Sacred and medicinal.
Willd. Flowers cure uterine
problems.
Spathodea campanulata |Bignoniaceae  |Rudrapalash |Exotic Medicinal. Leaves used to

P.Beauv.

treat skin diseases.

302

https://www.vckolkata63.org


https://www.vckolkata63.org/

2 ne

i
BODHI VOL 7 PP. 296-305, (2026) ey "En ey
Scientific Name Family Local Name |Native or |Socio-Cultural Value
in Bengali Exotic
Syzygium samarangense |Myrtaceae Jamrul Native Fruits edible.
(Blume) Merr. &
L.M.Perry
Tabebuia rosea DC. Bignoniaceae  |Basanta Rani |Exotic Ornamental.
Terminalia arjuna Combretaceae  |Arjun Native Medicinal. Bark decoction
(Roxb.) Wight & Arn. used as cardiac tonic.
Thevetia nerifolia Apocynaceae  |Kolke Exotic Ornamental and medicinal.
Juss.ex A. DC. Seed oil used to treat
rheumatism.
Conclusion

Without green spaces, the health and well-being of individuals, communities, and surrounding
ecosystems can suffer greatly in urban environments. Increasing awareness among citizens and
developing expertise in green infrastructure are necessary to protect and expand these spaces.
The high degree of homogenization caused by the introduction of exotic cultivars and the
invasion by alien weeds pose challenges to the conservation of the already meager urban plant
diversity. This raises the need to timely identify areas that are most relevant to the conservation
of indigenous plant species, particularly within cities where natural green spaces are extremely
limited. The study revealed the presence of 48important trees with various ethnobotanical
value. The sacred trees are ritually worshipped by the residents. The ornamentals increase the
aesthetic atmosphere of the complex. The residents also enjoy the edible fruits from some trees.
There are many trees of ethnomedicinal value. Moreover, the trees are a home to a number of
birds and mammals. The chirping of the birds in the early dawn and the playful squirrels are
enjoyable amidst the jungle of concrete all around. They provide an ambience for teaching
youngsters the importance of nature and its conservation. From the study it is clear that
Diamond City West sets an example of ample green cover in an urban space. The tree cover in
big residential complexes like Diamond City West can help to preserve the dwindling tree
cover in the outskirts of Kolkata if proper care is taken. Although the environmental
consequences of management activities to enhance urban biodiversity are now beginning to be
addressed, additional research and practical management strategies must be developed to
balance human needs and perceptions while maintaining ecological processes.
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Screening for In Vitro Antagonistic Activity of Two Soil Fungi
Against a Foliar Pathogen of Basella alba L.

Meenakshi Mukhopadhyay”, Ishita Roy, Ritika Ghosh

Department of Botany, Vivekananda College,
269 Diamond Harbour Road, Kolkata-700063, WB India

Abstract: The biocontrol potential of two fungi, Trichoderma sp. and Aspergillus sp., from
the rhizospheric soil of the diseased Indian spinach (Basella alba L.) plants, was investigated
against a fungus isolated from the diseased leaves of the same plant. Koch’s postulates were
followed to validate the pathogenicity of the fungus. The fungal pathogen was paired against
Trichoderma sp. and Aspergillus sp. in a dual-culture plate assay. The results of pairing the
two antagonists, individually, against the foliar pathogen after three days of inoculation
showed varied results. Aspergillus sp. grew vigorously, restricting the colony of the foliar
pathogen, Cercospora sp., whereas Trichoderma sp. was unable to exert any inhibitory effect
on the pathogen. These findings confirmed that Aspergillus sp. was a potential antagonist of
Cercospora sp, a leaf pathogen of Indian spinach under in vitro conditions, and can be
successfully used as a biocontrol agent for the Cercospora leaf spot of Basella alba L.
following validation in field trials.

Keywords: Indian Spinach, Leaf spot disease, Biocontrol fungi, Trichoderma, Aspergillus.

1. INTRODUCTION

Indian spinach, also known as Malabar spinach (Basella alba L.), is a widely cultivated leafy
vegetable adapted to tropical and subtropical regions. The plant is highly valued for its
nutritional content, including vitamins A and C, iron, calcium, and dietary fibre, and
contributes significantly to food in many developing countries (Ojiako & Igwe, 2008). It is
commonly grown in kitchen gardens and small-scale farming systems across India. Basella
alba L. is an edible perennial climber belonging to the family Basellaceae (APG 1V, 2016).

This fast-growing plant is an annual twining herb; stem much-branched, slender, succulent,
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glabrous, bright to dark-green, at times purple, with plenty of mucilage; leaves petioled, 4-14
x 3-11 cm pale to dark-green or bright purple, broadly-ovate, subfleshy, subacute or acute at
apex, tapering at base, entire and slightly undulate along the margins, glabrous above,
minutely hairy beneath, sometimes impressed between nerves; petioles 1-3 cm long,
glabrous.; inflorescence axillary spikes; flowers whitish or pinkish or reddish, 4-8 mm in
diameter, upto 4 cm long or condensed only in the upper parts of 3-10 cm long peduncles;
bracts small, apiculate. perianth divided halfway down; pentafid, fleshy, lobes elliptic,
oblong, obtuse, incurved; stamens 5, inserted on the mouth of the perianth-tube, anthers
versatile; ovary globose, ovules 1, style 3, connate at base, stigma linear-clavate.; fruit utricle,
3-4 mm in diameter, subglobose, glabrous, dark-purple to reddish, included in the fleshy
perianth. The plant is indigenous to the Indian subcontinent, Southeast Asia, and New Guinea
(ECHO, 2006).

However, the productivity and market quality of this leafy green vegetable are frequently
constrained by various foliar diseases. Leaf spot symptoms have been reported due to leaf-
infestation caused by Alternaria sp., Gloeosporium sp. and Cercospora sp. (Islam, 2021).
Among them, Cercospora leaf spot is one of the most prevalent and destructive diseases,
caused by some spp. of Cercospora, a genus of phytopathogenic fungi responsible for leaf
spot diseases in numerous crop plants worldwide (Agrios, 2005). Infection is characterised
by the appearance of small necrotic lesions that gradually enlarge, leading to chlorosis,
reduced photosynthetic efficiency, and premature defoliation resulting in significant yield
loss (Crous et al., 2013). Warm and humid environmental conditions, typical of tropical
agroecosystems, favour rapid pathogen multiplication and disease spread in tropical regions,
making disease management particularly challenging. Management of this disease
traditionally relies on chemical fungicides. Although chemical control is often effective,
indiscriminate, and prolonged use of fungicides has resulted in several setbacks, including
the development of fungicide-resistant pathogenic strains, environmental pollution, residual
toxicity in edible plant parts, and negative impacts on non-target microorganisms (Brent &
Hollomon, 2007). These constraints have intensified the search for sustainable and

environmentally friendly alternatives for disease management.
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Biological control using antagonistic microorganisms has emerged as a promising alternative
to chemical fungicides. This method is environmentally safe and, in some cases, is the only
option available to protect plants against pathogens (Cook, 1993). Soil fungi, especially those
inhabiting the rhizosphere, play a crucial role in suppressing plant pathogens through
interactions, such as competition (for nutrients and space), antibiosis (production of
antifungal metabolites), hyperparasitism, mycoparasitism, and induction of systemic
resistance in host plants (Harman et al., 2004). Antagonists are promising biological control
agents with the potential to interfere with the life processes of plant pathogens. (Cook and
Baker, 1983). They may be resident or introduced. Resident antagonists are part of the natural
microbiota in soil or on roots, leaves, or other plant parts, while introduced antagonists are
those that are applied as cultures or prepared products to soil or plants (Dube and Podile,
1988). Among the wide range of ubiquitous soil-inhabiting fungi, Trichoderma spp. is of
considerable commercial importance due to their ability to antagonise many plant-pathogenic
fungi. Many species of Trichoderma are extensively documented as biocontrol agents for
their effectiveness against a wide range of phytopathogens and are commercially exploited in
agriculture (Vinale et al., 2008). Furthermore, some Aspergillus spp. have also been reported
to exhibit antagonistic activity against plant pathogenic fungi; many of them are known to
produce bioactive secondary metabolites, enzymes, and volatile compounds that inhibit the
growth of phytopathogens (Pal & Gardener, 2006; Frisvad et al., 2018). However, compared
to Trichoderma, the biocontrol potential of Aspergillus spp., particularly against foliar

pathogens, remains relatively underexplored.

Most investigations, spanning through the decades, are targeted at the management of root
and seedling diseases of crops. In recent years, they have also been employed for minimising
diseases of foliar plant parts (Sawant, 2014). Despite the growing interest in microbial
biocontrol, limited studies have focused on the antagonistic interactions between rhizospheric
fungi and foliar pathogens of Basella alba. Therefore, the present investigation was
undertaken to isolate two soil fungi, Trichoderma sp. and Aspergillus sp., from the
rhizosphere of diseased B. alba plants and to evaluate their in vitro antagonistic activity
against Cercospora sp. using a dual-culture assay. The study aims to identify effective fungal
antagonists from the rhizosphere of the Indian spinach plant that may contribute to the

development of an eco-friendly strategy for controlling Cercospora leaf spot manifestations.
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2. MATERIALS AND METHODS

2.1 Collection and examination of diseased plant specimens

The experiment was conducted in the Department of Botany, Vivekananda College,
Thakurpukur, Kolkata. Naturally infected leaves of Basella alba L. with characteristic lesions
of fungal infection were collected from the college garden, immediately placed in sterilized
zip-locked polythene packets, and sealed properly. The collected leaf samples were brought
to the laboratory for detailed macroscopic and microscopic examination of the lesions. Then

the samples were stored in a refrigerator at 4° centigrade temperature (C) until further study.

2.2. lsolation and Purification of the foliar pathogen

Diseased leaves were cut into small pieces, surface sterilized in 1% sodium hypochlorite
solution for 45 - 60 seconds, rinsed three times in sterile distilled water, plated on sterilized
potato dextrose agar medium (PDA), and then incubated at 28+2° C for 5 days (Soleimani,
M.J. and M. Esmailzadeh, 2007). Actively growing hyphae from the margin of the developing
colony were picked up and transferred to the sterilized PDA slant for pure culture preparation.

Pure culture slants were stored in the refrigerator for further use.

2.3. Microscopic observations of the morphological characteristics of the isolated
fungus

A detailed microscopic examination of the vegetative and reproductive structures of the
fungus isolated from the diseased leaf was carried out using simple and compound
microscopes. A series of slides was prepared from cultures and the infected leaf parts for
morphometric studies of the vegetative and reproductive features of the fungal pathogen. All
the prepared slides were thoroughly observed under a Binocular Microscope, and
microphotographs of all fungal structures were taken. Stage and ocular micrometres were

used for microscopic measurement of the fungal reproductive structures.

2.4. Establishment of pathogenicity
Koch’s Postulates were followed to confirm the identity of the fungal pathogen isolated from
the diseased leaf. A pathogenicity test was performed, inoculating healthy leaves with a six-

day-old purified active fungal culture under controlled laboratory conditions. The
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pathogenicity of the fungus isolated from the diseased leaves was confirmed following the
detached leaf inoculation technique. Spore suspension of the isolated fungus was adjusted to
about 3x10* spores/ml and used to inoculate mature healthy leaf samples detached from a
Basella plant. The inoculated leaves were kept in moistened Petri plates in diffused light at
room temperature and incubated for 72 hours. Although the method of inoculation was
somewhat artificial, the symptoms developed were similar to those observed in natural
conditions. The uninoculated leaves in the control setup remained uninfected. The pathogenic
fungus was reisolated from infected leaf areas, washed thoroughly, and cut into small pieces,
followed by washing with sterile distilled water 3 times. The Pieces were then transferred
aseptically into PDA slants, and an antibiotic was added to the medium to restrict bacterial
growth. These isolates were examined after 7 days of incubation at 30° C, and the identity of
the organism was confirmed by comparing with the characteristics of the stock culture, under
a compound light microscope (Dewinter). The pure culture colony were identified using a

standard catalogue by comparing it with the previously isolated one.

2.5. Isolation of potential biocontrol fungi from soil

Serial dilution and plating techniques were used to isolate Trichoderma sp. and Aspergillus
sp. from the collected rhizospheric soil samples. The collected samples were air-dried in the
shade and finely ground before serial dilutions. Ten grams of soil sample was taken in a
conical flask containing 90 ml sterile distilled water and properly mixed by placing it on a
rotatory shaker for 5 minutes. It was then serially diluted using sterile distilled water as 1072,
10 and 10 dilutions. From each of the dilutions, a 200 pl aliquot was taken out, plated
aseptically on a sterilized Trichoderma-specific agar medium (TSM) and (PDA) medium
plates, respectively, for Trichoderma and Aspergillus. The inoculated plates were incubated
at 30° C for 7 days. The colonies showing predominant growth (1-3mm in diameter) on NA
medium culture plates were chosen and re-streaked on sterilized NA plates to obtain pure

cultures.

Putative Trichoderma colonies on TSM plates were purified using two rounds of PDA
subculture, and pure cultures were stored at 4°C for further use. Preliminary screening for

Trichoderma species was carried out by observing both macroscopic and microscopic
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features of the fungal colonies. For macroscopic screening, the growth rate and colours of
colonies were examined. For microscopic screening, slides were prepared. Mycelia from each
isolate were taken from a PDA plate and spread onto a clean side mounted with a drop of
water, covered with a cover slip and then observed under a light microscope using 100x, 40x,
and 10X magnifications. The branching patterns of Conidiophores and the shapes and sizes
of conidia were examined. Preliminary screening for Aspergillus sp. was carried out by
observing both macroscopic and microscopic features of the fungal colonies. Individual
colonies with characteristic Aspergillus morphology (black, velvety texture) were selected for
further study. The isolated species were identified up to genus level based on colony
characters, growth of fungus, structure of mycelium, conidiophores, and conidia (Johnson,
1957).

2.6. Study of antagonistic activity of Trichoderma sp. and Aspergillus sp. against the
isolated pathogen

Pure isolates of the antagonists and the pathogen were used. The pathogens isolated from
diseased Basella leaves were paired against two antagonistic organisms isolated from the soils
around the roots of diseased plants. The Biocontrol efficacy of Trichoderma sp. and
Aspergillus sp. was screened against the causative agent of leaf spot disease of Basella alba.
The bioassay was performed using the dual culture technique, as described by Morton and
Stroube (1955). Seven-day-old culture discs of 5 mm diameter each of the fungal antagonist
and the pathogen were placed at equidistance from the margin of Petri plates (90 mm)
containing freshly prepared PDA medium on opposite sides. The plates were incubated for 7
days at 28+2° C in the BOD incubator after inoculating the pathogen. A PDA culture plate
inoculated only with the isolated fungal pathogen was maintained as a control set-up side by
side for comparison. Each treatment was replicated thrice.

Finally, the radial growth of the phytopathogen in the control and treatment plates was
measured. The percentage of inhibition was calculated using the following formula:

% Inhibition= (A-B)/A x 100. Where A= colony diameter of the phytopathogen in the control
plate, B= Colony diameter in the dual culture plate (Skidmore, & Dickinson, 1976).
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3. RESULTS

3.1. Examination of diseased plant specimens

The leaf spot symptoms in Basella alba (Indian spinach) first appeared as a small pinhead-
like structure. Spots on Basella alba leaves were visible on both sides of the leaves. They
gradually manifest as circular to subcircular spots, 1-10 mm wide, at first uniformly reddish-
brown, later turning blackish-brown, with grey-coloured necrotic centres and reddish-purple
borders up to 10 mm wide (Fig 1). As the disease progresses, the spots eventually enlarge and
coalesce, leading to extensive leaf loss and premature defoliation. In severe infections, the
infected leaves become deformed, and the plant can become stunted, resulting in extensive
loss of foliage.

Fig 1. Leaves of Basella alba L.; A.Healthy Leaf; B. Diseased Leaf

3.2. Isolation, purification, and characterization of leaf-associated fungi

Cercospora sp. was isolated and identified on the diseased leaves of Basella alba.

Colony Characteristics:

o Cercospora colonies, observed on PDA plates, typically appear light grey with cottony

aerial mycelium.

o Colonies reached approximately 65mm in diameter at 28° C after 10-day incubation
(Fig 2).
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Fig 2. Colony Morphology of Cercospora sp.

A. Dorsal view of the fungal colony on PDA medium; B. Ventral view of the fungal colony on PDA medium

Vegetative and reproductive characteristics of the isolated fungus:

The vegetative structure of the causal agent of Cercospora leaf spot disease consisted

typically of well-developed, septate mycelium, often fuzzy to mold-like in appearance.

Conidium

Conidiophore

Hyphae

Fig 3. Microscopic view of Cercospora sp. A. Microscopic field showing vegetative hyphae,
conidiophore, and conidia; B. Magnified view of conidia and conidiophore

Characteristic conidia and conidiophores were observed (Fig 3). Dense fascicles of
conidiophores were visible as minute black dots on the leaf spots.
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. Conidia: Conidiare hyaline (colourless), Acicular (needle-shaped) to cylindrical,
Truncate to sub-truncate at the base, typically 35.1-83.7 um long and 3.3-4.5 pum wide, and
4-12 septate.

. Conidiophores: Conidiophores fasciculate (arranged in bundles), olivaceous brown,
pale towards the apex, and straight to slightly curved. Conidiophores septate, 10.4-50.1 pm

long and 2.8-5.6 pum wide, with a scar left after conidium detachment. 3-5um.

3.3. Evaluation of in-vitro biocontrol activity of Trichoderma sp. and Aspergillus sp.

against Cercospora sp.

Two biocontrol agents, Trichoderma sp. and Aspergillus sp., were tested using the dual
culture technique against Cercospora sp. The results of pairing of the two antagonists against
the pathogen after three days of inoculation showed varied results. Aspergillus sp. showed
vigorous growth, restricting the colony of Cercospora sp., whereas Trichoderma sp. was
unable to exert any inhibitory effect on the growth of the pathogen. Growth inhibition of
Cercospora colony by Aspergillus was calculated as 82.4% (Table 1). The data revealed that
only Aspergillus sp. was antagonistic to Cercospora sp. in in vitro conditions, and
Trichoderma sp. could not exert any biocontrol effect on the Basella leaf spot pathogen,

Cercospora sp., in the dual culture plates (Fig 4).

FT [ R NI .
i

"/ Cercospora"_

~ colony'

/ ‘3 Aspergillds col% ,

Trichoderma
colony

S T

Fig 4. In vitro Biocontrol Activity against Cercospora sp. in Dual culture plate assayA. Uninoculated control;
B. Dual culture plate of Cercospora sp and Trichoderma sp; C. Dual culture plate of Cercospora sp andAspergillus sp
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Table 1: Biocontrol Potential of Trichoderma sp. and Aspergillus sp. against Cercospora
sp.

Percentage (mean) of Inhibition %
Experimental setup

After 3days After Sdays After 7days
incubation incubation incubation
Control 0 0 0
Dual Culture plate of Cercosporasp | 0 0 0
—Trichoderma sp
Dual Culture plate of Cercosporasp | 17.6 32.5 84.2
—Aspergillus sp

4. DISCUSSIONS

The present investigation assessed the antagonistic efficacy of two rhizospheric fungi,
Trichoderma sp. and Aspergillus sp., against Cercospora sp., the causal agent of leaf spot
disease in Basella alba L. The results revealed a marked contrast in biocontrol performance
between the two fungal antagonists. Aspergillus sp. exhibited strong inhibitory activity in the
dual-culture assay, whereas Trichoderma sp. failed to suppress the growth of the pathogen
under the experimental conditions. Such differential responses emphasise the strain-specific
and pathogen-dependent nature of biological control interactions (Harman et al., 2004; Vinale
et al., 2008).

The pronounced antagonism shown by Aspergillus sp. may be attributed to multiple
mechanisms, including rapid competitive colonisation, nutrient depletion, and the production
of antifungal secondary metabolites. Several species of Aspergillus are known to synthesize
organic acids, polyketides, and peptide antibiotics that inhibit phytopathogenic fungi (Bennett
and Klich, 2003; Frisvad et al., 2011). In dual-culture systems, fast-growing antagonists often
suppress pathogens by occupying available space and restricting access to essential nutrients,
a phenomenon commonly described as competitive exclusion (Elad and Freeman, 2002). The
vigorous mycelial growth of Aspergillus sp. observed in the present study is consistent with

such competitive mechanisms.

315 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 7 PP. 306-319, (2026) -
In addition to competition, antibiosis is likely to play a significant role in the observed
inhibition of Cercospora sp. Previous studies have reported that Aspergillus species produce
extracellular enzymes such as chitinases, glucanases, and proteases, which degrade fungal
cell walls and impair pathogen development (Sharma et al., 2014; Ghorbanpour et al., 2018).
The restriction of pathogen colony expansion in the present assay suggests that similar lytic

or toxic metabolites may be involved, although this requires further biochemical validation.

Contrary to expectations, Trichoderma sp. did not exhibit any inhibitory effect against
Cercospora sp. in the dual-culture assay. This finding contrasts with numerous reports
describing Trichoderma as an effective biocontrol agent through mechanisms such as
mycoparasitism, antibiosis, and induction of systemic resistance in host plants (Harman,
2006). However, the biocontrol efficiency of Trichoderma is known to be highly strain-
specific and strongly influenced by environmental conditions, growth media, and the intrinsic
susceptibility of the target pathogen (Papavizas, 1985; Howell, 2003). The absence of
antagonism in the present study may indicate that the tested Trichoderma isolate lacked
sufficient enzymatic activity or was poorly adapted to compete with Cercospora sp. under in

vitro conditions.

The confirmation of Aspergillus sp. as a potential antagonist against Cercospora sp. has
important implications for the biological management of Cercospora leaf spot disease in
Basella alba. Cercospora spp. are responsible for significant yield losses in many leafy
vegetables, and control strategies rely heavily on repeated fungicide applications (Agrios,
2005). The use of effective biocontrol agents provides an environmentally sustainable
alternative that can reduce chemical inputs and minimise the risk of fungicide resistance
development (Cook and Baker, 1983; Pal and Gardner, 2006).

Nevertheless, in vitro antagonism does not always translate directly into successful disease
suppression under field conditions. Factors such as rhizosphere competence, survival under
fluctuating environmental conditions, and interactions with native microflora are critical in
determining biocontrol success (Whipps, 2001). Therefore, further studies should focus on
elucidating the mechanisms of antagonism by Aspergillus sp., evaluating its efficacy in
greenhouse and field trials, and assessing its ecological safety and consistency before

recommending its large-scale application.
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